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OBJECTS AND RULES 

OP 

THE ASSOCIATION. 

♦ 

OBJECTS. 

The Association contemplates no interference with the ground occupied 
by other institutions. Its objects are : — To give a stronger impulse and 
a more systematic direction to scientific inquiry, — to promote the inter- 
course of those who cultivate Science in different parts of the British 
Empire, with one another and with foreign philosophers, — to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 

KULES. 

Admission of Members and Associates, 

All persons who have attended the first Meeting shall be entitled 
to become Members of the Association, upon subscribing an obligation 
to conform to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical 
Societies publishing Transactions, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All Members of a Philosophical Institution recommended by its Coun- 
cil or Managing Committee shall be entitled, in liko manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall be elected by the 
General Committee or Council to become Life Members of the Asso- 
ciation, Annual Subscribers, or Associates for the year, subject to the 
approval of a General Meeting. 

Compositions^ Sabscriptionsy and Privileges. 

Life Members shall pay, on admission, the sum of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be 
published after the date of such payment. They are eligible to all the 
offices of the Association. 

Annual Subscribers shall pay, on admission, the sum of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
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gratuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermission their 
Annual Subscription. By omitting to pay this subscription in any par- 
ticular year, Members of this class (Annual Subscribers) lose for that and 
all future years the privilege of receiving the volumes of the Association 
gratis ; but they may resume their Membership and other privileges at any 
subsequent Meeting of the Association, paying on each such occasion the 
sum of One Pound. They are eligible to all the offices of the Association. 

Associates for the year shall pay on admission the sum of One Pound. 
They shall not receive gratuitously the Reports of the Association, nor be 
eligible to serve on Committees, or to hold any office. 

The Association consists of the following classes : — 

1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Pound annually. [May resume their Membership after 
intermission of Annual Payment.] 

4. Annual Members admitted in any year since 1839, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their Membership after intermission of 
Annual Payment.] 

5. Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 

And the Members and Associates will bo entitled to receive the annual 
volume of Reports, gratis^ or to p^irchase it at reduced (or Members’) 
price, according to the following specification, viz. : — 

1. Gratis. — Old Life Members who have paid Five Pounds as a compo- 

sition for Annual Payments, and previous to 1845 a further 
sum of Two Pounds as a Book Subscription, or, since 1845, 
a further sum of Five Pounds. 

New Life Members who have paid Ten Pounds as a composition. 

Annual Members tvho have 7iot intermitted their Annual Sub- 
scription. 

2. At 7'educed or Members^ Price^ viz., two-thirds of the Publication Price. 

— Old Life Members who have paid Five Pounds as a compo- 
sition for Annual Payments, but no further sum as a Book 
Subscription. 

AnnualMembers who have intermitted their Annual Subscription. 

Associates for the year, [Privilege confined to the volume for 
that year only.] 

3. Members may purchase (for the purpose of completing their sets) any 

of the volumes of the Reports of the Association up to 1874, 
of which more than 15 copies remain^ at 2s. 6<Jl. per volume.* 

Application to be made at the Office of the Association. 

Volumes not claimed within two years of the date of publication can 
only be issued by direction of the Council. 

Subscriptions shall be received by the Treasurer or Secretaries. 


* A few complete sets, lb31 to 1871, are on sale, at the set. 
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Meetings* •* 

The Association shall meet annually, for one week, or loilgef. The 

f )laco of each Meeting shall be appointed by the General Committee not 
ess than two years in advance ^ ; and the arrangements for it shall be 
entrusted to the Officers of the Association. 

General Committee, 

The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons *. — 

Class A. Permanent Members. 

1. Members of the Council, Presidents of the Association, and Presi- 
dents of Sections for the present and preceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the publication of Works or Papers have fur- 
thered the advancement of those subjects which are taken into considera- 
tion at the Sectional Meetings of the Association. With a vi&ijO of suh- 
mitting new claims under this Rule to the decision of the Council, they must he 
sent to the Assistant General Secretary at least one month before the Meeting 
of the Association, The decision of the Council on the claims of a/ny Member 
of the Association to he ^placed on the Test of the General Committee to he final. 

Class B. Temporary Members.^ 

1. Delegates nominated by the Corresponding Societies under the 
conditions hereinafter explained. Claims under this Rule to he sent to the 
Assistant General Secretary before the aliening of the Meeting, 

2, Office-bearers for the time being, or delegates, altogether not ex- 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims under this Ride to he approved by the Local Secretaries 
before the opening of the Meeting, 

3. Foreigners and other individuals whoso assistance is desired, and 
who are specially nominated in writing, for the Meeting of the year, by 
the President and General Secretaries. 

4. Vice-Presidents and Secretaries of Sections. 

Organising Sectional Committees,^ 

The Presidents, Vice-Presidents, and Secretaries of the several Sec- 
tions are nominated by the Council, and have power to exercise the func- 
tions of Sectional Committees until their names are submitted to the 
General Committee for election. 

From the time of their nomination they constitute Organising Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections, ‘ and of preparing Reports 

* Revised by the General Committee, Liverpool, 18BG. 

^ Revised, Montreal, 1884. 

•* Passed, JHldinbiir<^h, 1871, revised, Dover. 181>9. 

’ Notice to Contributors of Memmrs . — Authors are reminded that, under an 

arrangement dating from 1871, the acceptance of Memoirs, and the days on which 
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thereon, and on the order in which it is desirable that they should be 
read. The Sectional Presidents of former years are ex offlcio members 
of the Organising Sectional Committees.^ 

An Organising Committee may also hold such preliminary meetings as 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 
2 r.M., to appoint members of the Sectional Committee.*^ 

Constitution of the Sectional Committees.^ 

On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section, who will be appointed by the 
General Committee at 4 p.m., and those previous Presidents and Vice- 
Presidents of the Section who may desire to attend, are to meet, at 2 P.M., 
in their Committee Booms, and appoint the Sectional Committees by 
selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. Any 
Member who has intimated the intention of attending the Meeting, and 
who has already served upon a Committee of a Section, is eligible for 
election as a Member of the Committee of that Section at its first 
meeting.'* The Sectional Committees thus constituted shall have power 
to add to their number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 a.m. on the next day in the Journal of 
the Sectional Proceedings. 

Business of the Sectional Committees. 

Committee Meetings are to be held on the Wednesday, and on the 
following Thursday, Friday, Saturday,'^ Monday, and Tuesday, for the 
objects stated in the B/ules of the Association. The Organising Committee 
of a Section is empowered to arrange the hours of meeting of the Section 
and the Sectional Committee except for Saturday.*' 

The business is to be conducted in the following manner : — 

1. The President shall call on the Secretary to read the minutes of 
the previous Meeting of the Committee. 


they arc to be read, arc now as far as pos>iblc determined by Or^j^anising Committees 
for tlie several Sections before the beginning of the Meeting. It has therefore become 
necessary, in order to give an opportunity to the Committees of doing justice to the 
several Communications, tliat each author shouhl prepare an Abstract of his Memoir 
of a length suitable for insertion in the published Transactions of the Association, 
and that he should send it, together with the original Memoir, by book-post, on or 

before addressed to the General Secretaries, at the office of 

the Association. ‘ For Section ’ If it should be inconvenient to the Author 

that liis paper should be read on any particular days, he is requested to send in- 
formation thereof to the Secretaries in a separate note. Authors who send in their 
MSS. three complete weeks before the Meeting, and whose papers are accepted. 
Will be furnished, before the Meeting, with printed copies of their Reports and 
abstracts. No Report, Paper, or Abstract can be inserted in the Annual Volume 
unless it is handed either to the Recorder of the Section or to the Assistant General 
Secretary before the conclusion of the Meeting. 

* Sheffield, 1879. ^ Swansea, 1880, revised, Dover, 1899. 

* Edinburgh, 1871, revised, Dover, 1899. ♦ Glasgow, 1901. 

* The meeting on Saturday is optional, Southport, 1883. ® Nottingham, 1893. 
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2. No paper shall be read until it has been formally accepted by the 

Committee of the Section, and entered on the minutes accord- 
ingly. 

3. Papers which have been reported on unfavourably by the Organ- 

ising Committees shall not be brought before the Sectional 
Committees.^ 

At the first meeting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute*Book, and the Synopsis 
of Becommendatioiis adopted at the last Meeting of the Association 
and printed in the last volume of the Report. He will next proceed to 
read the Report of the Organising Committee.^ The list of Communi- 
cations to be read on Thursday shall bo then arranged, and the general 
distribution of business throughout the week shall be provisionally ap- 
pointed.* At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 
Printer is charged with publishing the same before 8 a.m. on Thursday 
in the Journal. 

On the second day of the Annual Meeting, and the following days^ 
the Secretaries are to correct, on a copy of the Journal, the list of papers 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 a.m. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Recorder) should call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished hij Author Sy are to he forivardedy at the close of the 
Sectional MeetingSy to the Assistant General Secretary. 

The Vice-Presidents and Secretaries of Sections become ex officio 
temporary Members of the General Committee (vide p. xxxi), and will 
receive, on application to the Treasurer in the Reception Room, Tickets 
entitling them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 
be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
Meetings, as published in the volumes of the Association, and the com- 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may bo usefully directed, and branches of knowledge on the 
state and progress of which Reports are wanted ; to name individuals or 
Committees for the execution of such Reports or researches ; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, 
it is expedient that all Members of the Committee should he namedy and 


1901. 


* Plymouth, 1877. 


* Edinburgh, 1871, 
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one of them appointed to act as Chairman^ who shall ham notified per* 
sonalhf or in writing his willingness to accept the office, the Ohairman to have 
the responsibility of receiving and disimrsing the grant (if any has been made) 
and securing the presentation of the Report in due time ; and, further, it is 
expedient that one of the members should be appointed to act as Secretary, for 
ensuring attention to business* 

That it is desirable that the number of Members appointed to serve on a 
Committee should be as small as is consistent with its efficient working. 

That a tabular list of the Committees appointed on the recomme'ndation 
of each Section should be sent each year to the Recorders of the several Sec- 
tions, to enable them to fill in the statement whether the several Committees 
appointed on the recommendation of their respective Sections had presented 
their repm^ts. 

That on the proposal to recommend the appointment of a Committee for a 
special object of scie^ice having, been adopted by the Sectional Committee, the 
number of Members of such Committee be the7i fixed, but that the Members to 
serve on such Committee be nominated aiid selected by the Sectional Com- 
mittee at a subsequent meeting.^ 

Committees have power to add to their number persons whoso assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to be forwarded, without delay, to the Assistant General Secretary 
for presentation to the Committee of Recommendations. Unless this be 
done, the Recommeiidations cannot receive the sanction of the Association. 

N.B. — Recommendations which may originate in any one of the Sections 
must first be sanctioned by the Committee of that Section before they can 
be referred to the Committee of Recommendations or confirmed by the 
General Committee. 


Notices regarding Grants of Money. 

1. No Committee shall raise money in the name or under the auspices of 

the British Association without special permission from the General 
Committee to do so ; and no money so raised shall be expended 
except in accordance with the Rules of the Association. 

2. In grants of money to Committees the Association does not contem- 

plate the payment of personal expenses to the Members. 

3. Committees to which grants of money are entrusted by the Association 

for the prosecution of particular Researches in Science are ap- 
pointed for one year only. If the work of a Committee cannot be 
completed in the year, and if the Sectional Committee desire the 
work to be continued, application for the reappointment of the 
Committee for another year must be made at the next meeting of 
the Association. 

4. Each Committee is required to present a Report, whether final or in- 
terim, at the next meeting of the Association after their appoint- 
ment or reappointment. Interim Reports must be submitted in 
writing, though not necessarily for publication. 

' Revised by the General Committee, Ratlj, 1888. 

^ Revised by the General Committee at Ipswich, 1895. 
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6. In e^h Committee the Chairman is the only person entitled to 
C5aJl on the Treasurer, Professor G. Carey Foster, F.R.S., for 
such portion of the sums granted as may from time to tii;ae be 
required. 

6. Grants of money sanctioned at a meeting of the Association expire on 

June 30 following. The Treasurer is not authorised after that 
date to allow any claims on account of such grants. 

7. The Chairman of a Committee must, before the meeting of the Asso- 

ciation next following after the appointment or reappointment of 
the Committee, forward to the Treasurer a statement of the sums 
which have been received and expended, with vouchers. The 
Chairman must also return the balance of the grant, if any, which 
has been received and not spent ; or, if further expenditure is con- 
templated, he must apply for leave to retain the balance. 

8. When application is made for a Committee to be reappointed, and to 

retain the balance of a former grant which is in the hands of the 
Chairman, and also to receive a further grant, the amount of such 
further grant is to bo estimated as being additional to, and not 
inclusive of, the balance proposed to be retained. 

9. The Committees of the Sections shall ascertain whether a Report has 

been made by every Committee appointed at the previous Meeting 
to whom a sum of money has been granted, and shall report to the 
Committee of Recommendations in every case where no such 
report has been received. 

10. Members and Committees who may be entrusted with sums of money 

for collecting specimens of any description are requested to re- 
serve the specimens so obtained to be dealt with by authority of 
the Council. 

11. Committees are requested to furnish a list of any apparatus which 

may have been purchased out of a grant made by the Association, 
and to state whether the apparatus will be useful for continuing 
the research in question, or for other scientific purposes. 

12. All Instruments, Papers, Drawings, and other property of the Asso- 

ciation are to be deposited at the Office of the Association when 
not employed in scientific inquiries for the Association. 


Business of the Sections, 

The Meeting Room of each Section is opened for conversation shortly 
before the meeting commences. The Section Booms and approaches thereto 
can he used for no notices, exhibitiovs, or other purposes than those of the 
Association, 

At the time appointed the Chair will be taken, ^ and the reading of 
communications, in the order previously made public, commenced. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number luid nature of the communications 
delivered in may render such divisions desirable. 

* The Organising Committee of a Section it* empowered to arrange the hours 
of meeting of the JSection and of the bectional Committee, except for Saturday. 

b3 
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A Report presented to the Association, and read to the Section which 
originally called foi^ it, may be read in another Section, at the request of 
the Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 

1. To remain constantly at the Doors of the Rooms to which they are 

appointed during the whole time for which they are engaged. 

2. To require of every person desirous of entering the Rooms the ex- 

hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 
Ticket, signed by the Treasurer, or a Special Ticket signed by the 
Assistant General Secretary. 

3. Persons unprovided with any of these Tickets can only bo admitted 

to any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the Official Programme, p. 1. 

Duties of the Messengers, 

To remain constantly at the Rooms to which they arc appointed dur- 
ing the whole time for which they are engaged, except when employed cii 
messages by one of the Officers directing these Rooms. 


Committee of Recommendations. 

The General .Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Sectional 
Committees, and report to the General Committee the measures which 
they would advise to be adopted for the advancement of Science. 

The ex officio members of the Committee of Recommendations arc the 
President and Vice-Presidents of the Meeting, the General and Assistant- 
General Secretaries, the General Treasurer, the Trustees, and the Presidents 
of the Association in former years. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects shall bo submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations . 

All proposals for establishing new Sections, or altering the titles of 
Sections, or for any other change in the constitutional forms and funda- 
mental rules of the Association, shall be referred to the Committee of 
Recommendations for a report.^ 

If the President of a Section is unable to attend a meeting of the 
Committee of Recommendations, the Sectional Committee shall be 
authorised to appoint a Vice-President, or, failing a Vice-President, 
some other member of the Committee, to attend in his place, due notice 
of the appointment being sent to the Assistant General Secretary.* 

* Passed by the General Committee at Birmingham, 1865, 

* Passed by the General Committee at Leeds, 1890. 
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Coo^espoTiding Societies} 

1. Any Society is eligible to be placed on the List of Corresponding 
Societies of the Association which undertakes local scientific investiga- 
tions, and publishes notices of the results. 

2. Application may be made by any Society to be placed on the 
List of Corresponding Societies. Applications must be addressed to the 
Assistant General Secretary on or before the Ist of June preceding the 
Annual Meeting at which it is intended they should be considered, and 
must be accompanied by specimens of the publications of the results of 
the local scientific investigations recently undertaken by the Society. 

3. A Corresponding Societies Committee shall be annually nomi- 
nated by the Council and appointed by the General Committee for the 
purpose of considering these applications, as well as for that of keeping 
themselves generally informed of the annual work of the Corresponding 
Societies, and of superintending the preparation of a list of the papers 
published by them. This Committee shall make an annual report to the 
General Committee, and shall suggest such additions or changes in the 
List of Corresponding Societies as they may think desirable. 

4. Every Corresponding Society shall return each year, on or before the 
1st of June, to the Assistant General Secretary of the Association, a 
schedule, properly filled up, which will be issued by him, and which will 
contain a request for such particulars with regard to the Society as may 
bo required for the information of the Corresponding Societies Committee. 

5. There shall bo inserted in the Annual Report of the Association 
a list, in an abbreviated form, of the papers published by the Corre- 
sponding Societies during the past twelve months which contain the 
results of the local scientific work conducted by them ; those papers only 
being included which refer to subjects coming under the cognisance of 
one or other of the various Sections of the Association. 

G. A Corresponding Society shall have the right to nominate any 
one of its members, who is also a Alember of the Assoeiation, as its dele- 
gate to the Annual Meeting of the Association, who shall be for the time 
a Member of the General Committee. 

Gonfereiice of Delegates of Corresponding Societies. 

7. The Conference of Delegates of Corresponding Societies is em- 
powered to send recommendations to the Committee of Recommen- 
dations for their consideration, and for report to the Genei*al Committee. 

8. The Delegates of the various Corresponding Societies shall con- 
stitute a Conference, of which the Chairman, Vice-Chairmen, and Secre- 
taries shall be annually nominated by the Council, and appointed by the 
Geneml Committee, and of which the members of the Corresponding 
Societies Committee shall be ex officio members. 

9. The Conference of Delegates shall be summoned by the Secretaries 
to hold one or more meetings during each Annual Meeting of the Associa- 
tion, and shall be empowered to invite any Member or Associate to take 
part in the meetings. 

10. The Secretaries of each Section shall be instructed to transmit to 

^ Passed by the General Committee, 1884. 
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the Secretaries of tlie Conference of Delegates copies of any recommen- 
dations forwarded by tbe Presidents of Sections to the Committee of 
Hecommendations bearing upon matters in which the co-operation of 
Corresponding Societies is desired ; and the Secretaries of the Conference 
of Delegates shall invite the authors of these recommendations to attend 
the meetings of the Conference and give verbal explanations of their 
objects and of the precise way in which they would desire to have them 
carried into effect. 

11. It will be the duty of the Delegates to make themselves familiar 
with the purport of the several recommendations brought before the Confer- 
ence, in order that they and others who take part in the meetings may be 
able to bring those recommendations clearly and favourably before their 
respective Societies. The Conference may also discuss propositions bear- 
ing on the promotion of more systematic observation and plans of opera- 
tion, and of greater uniformity in the mode of publishing I’esults. 

Local Committees, 

Local Committees shall be formed by the OflScers of tbe Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 

Ojfficers. 

A President, two or more Yice- Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 

Council. 

In the intervals of the Meetings, the affairs of the Association shall 
be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 

(1) The Council shall consist of ^ 

1. The Trustees. 

2. The past Presidents. 

3. The President and Vice-Presidents for the time being. 

4. The President and Vice-Presidents elect. 

5. The past and present General Treasurers, General and 

Assistant General Secretaries. 

6. The Local Treasurer and Secretaries for the ensuing 

Meeting. 

7. Ordinary Members. 

(2) The Ordinary Members shall be elected annually from the 

General Committee. 

< Passed by the General Committee at Belfast, 1874. 
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(3) There shall be not more than twenty-five Ordinaiy Members, of 

whom not more than twenty shall have served on the Council, 
as Ordinary Members, in the previous year. 

(4) In order to carry out the foregoing rule, the following Ordinary 

Members of the outgoing Council shall at each annual election 
bo ineligible for nomination : — 1st, those who have served on 
the Council for the greatest number of consecutive years ; and, 
2nd, those who, being resident in or near London, have 
attended the fewest number of Meetings during the year 
— observing (as nearly as possible) the proportion of three by 
seniority to two by least attendance. 

(5) The Council shall submit to the General Committee in their 

Annual Report the names of the Members of the General 
Committee whom they recommend for election as Members of 
Council. 

(G) The Election shall take place at the same time as that of the 
Officers of the Association. 

Papers and Comnmnicatiohis, 

The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 

A ccounts. 

The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 



Taible ahnohig the Places and Times of Meeting of the British Association, with Presidents, 
Vice-Presidemts, and Local Secretaries, from its Commencement. 
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Preaidemts a/nd Seoretariea of the Seetiona of the Aaaodation. 


Date and Place Presidents Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 

COMUITTEE OE SCIENCES, I. — MATHEMATICS AND QENERAI. PHTSIC8. 

}832. Oxford Davies Gilbert, D.C.L., F.B.S. | llcv. H. Coddington. 

1833. Cambridge Sir D. Brewster, F.R.S Prof. Forbes. 

1834. Edinburgh Rev. W. Whewell, F.11.S. | Prof. Forbes, Prof. Lloyd. 


SECTION A. — MATHEMATICS AND PIIYSrCS. 

1835. Dublin Rev. Dr. Robinson i Prof. Sir W. R. Hamilton, Prof. 

: Wheatstone. 

1836. Bristol Rev. William Wliewell,F.B.S.! Prof. Forbes, W. S. Harris, F. W. 

• Jerrard. 

1837. Liverpool... 'Sir D. Brewster, F.R.S W. S. Harris, Rev. Prof. Powell, 

I Prof. Stevolly. 

1838. Newcastle !Sir J. F. W. Herschel, Bart., Rev. Prof. Che vallier, Major Sabine, 

F.R.8. I I>rof. Stevolly. 

1839. Birmingham Rev. Prof. Whewell, F.R.S....'j. D. Chance, W. Snow Harris, Prof. 

j Stevclly. 

1840. Glasgow ... Prof. Forbes, F.R.S Rev. Dr. Forbes, Prof. Stcvelly, 

Arch. Smith, 

1841. Plymouth ReV. Prof. Lloyd, F.R.S Prof. Stevolly. 

1842. Manchester Very Rev. G. Peacock, D.D., Prof. McCulloch, Prof. Stevclly, Rev, 

F.R.S. W. Scoresby. 

1843. Cork Prof. M‘Culloch, M.R.LA. ... J. Nott, Prof. Stevclly. 

1844. York The Earl of Rosse, F.R.S. ... Rev. Wm. Hoy, Prof. Stevolly. 

1846. Cambridge jThe Very Rev. the Dean of Rev. H. Goodwin, Prof. Stcvelly, 

Ely. G. G. Stokes. 

1846. Southamp- Sir John F. W. Herschel, John Drew, Dr. Stevolly, G. G. 

ton. I Bart., F.R.S. Stokes. 

1847. Oxford Rev, Prof. Powell, M.A.,IRcv. H. Price, Prof. Stevclly, G. G. 

i F.R.S. j Stokes. 

1848. Swansea ... Lord Wrottesley, F.R.S 'Dr. Stevclly, G. O. Stokes. 

1849. Birmingham William Hopkins, F.R.S |Prof. Stevolly, G. G. Stokes, IV. 

! Ridout Wills. 

1860. Edinburgh Prof. J. D. Forbes, F.R.S., W..I.Maex|uornRankinc, Prof. Smyth, 
Sec. R.S.E. ; Prof. St evelly, Prof. G . G . Stokes. 

1851. Ipswich ...Rev. W. Wliewell, I).D.,'S. Jackson, W.J. Macf|uorn Rankine, 
F.R.S. Prof. St evelly, Prof. G. G. St okos. 

1862. Belfast Prof. W. Thomson, M.A., Prof. Dixon, W. J. Macquorn Ran- 

F.R.S., F.R.S.E. kine, Prof. Stevelly, J. TyiuhUl. 

1863. Hull The Very Rev. the Dean of B. Blaydes Haworth, J. D. Sollitt, 

Ely, F.R.S. , Prof. Stcvelly, J. Welsh. 

1864. Liverpool... Prof. G. G. Stokes, M.A., Sec. J. Hartnup, H. G. Puckle, Prof. 

B.S. Stcvelly, J. Tyndall, J. Welsh. 

1856. Glasgow ... Rev. Prof. Kclland, M.A., Rev. Dr. Forbes, Prof. D. Gray, Prof. 
F.B.S., F.R.S.E. I Tyndall. 

1856. Cheltenham Rev. B. Walker, M.A., F.B.S. C. Brooke, Rev. T. A. Southwood, 

Prof. Stevelly, Rev. J. C. Turnbull. 

1867. Dublin Rev. T. R. Robinson, D.D., Prof. Curtis, Prof. Hennessy, P. A. 

F.R.S., M.R.I.A. Ninnis, W. J. Macquorn Rankinc, 

Prof. Stcvelly. 




FBESIDENTS AND SEdBXTABlBS OF THE SECTIONS. 


Iv 


Date and Place 


Presidents 


Secretaries 


1868. Leeds |Rev. W. Whewell, D.D., Rev. S. Earnshaw, J. P. Hennessy, 

I V.P.R. S. Prof. Ste vell 3 % H. J. S. Smith, Prof. 

I Tyndall. 

1869. Aberdeen... I The Earl of Rosse,M. A., Tv.P., J. P. Hcnne&s}', Prof. Maxwell, H. 

I F.R.S. J. S. Smith, Prof. Stevelly. 

1860. Oxford jRev. R. Price, M.A., F.R.S.... Rev. G. C. Bell, Rev. T. Rennison, 

Prof. Slevclly. 

1861. Manchester G. B. Airy, M.A., D.C.L., Prof. R. B. Oliflon, Prof. H. J. S. 

F.R.S. Smith, Prof. Stevelly. 

1862. Cambridge Prof. G. G. Stokes, IR.A., Prof. R. B. Clifton, Prof. H. J. S. 

1 F.R.S. Smith, Prof. Stevelly. 

186:]. Newcastle Prof.W. J. Macquornllankine,. Rev.N.Fcrrers,Prof.Ful3er,F.Jenkin, 
(J.E., F.R.S. Prof. Stevelly, Rev. C. T. Wliitley. 

1861. Bath Prof. Cayley, M.A., F.R.S., Prof. Fuller, F. Jenkiii, Rev. G. 

F.R.A.S. Buckle, Prof. Stevelly. 

1866, Birmingham \V. S|>ottis\voodo,M.A..F.R.S.,' Rev. T. N. Hutchinson, F. Jenkin, G. 

F.R.A.S. S. Mathew.s, Prof. H. J. S. Smith, 

.1. M. Wilson. 

1866. Nottingham Prof. Wheatstone, B.C.L., Fle(}ming.Ionkin,Prof.H.J.S. Smith, 

F.R.S. Rev. S. N. Swann. 

1867. Dundee ... Prof. Sir W. Thomson, D.C.L.,. Rev. (r. Buckle, Prof. G. C, Foster, 

F.R.S. Prof. Fuller. Prof. Swan. 

1868. N»jrwich ... Prof. .f. Tyndall, LL.D., Prof. G. C. Foster, Rev. R. Harley, 

F.R.S. R. B. Hayward. 

1869. Exeter Pr(>f. J. J. Sylvester, LL.l)., Prof. (L C. Ft*st(‘r, R. B, Hayw'ard, 

■ F.R.S. W. K. Cliirt>rd. 

1870. Liverpool... J. Clerk Maxwell, M.A., Prof. W. G. Adams, W. K. Clifford, 

! LL.D., F.R.S. Prof. G. C, Foster, Rev. W. Allen 

I Whitwiunh. 

1871. Edinburgh Prof. P. G. Tail, F.R.S.K. ...iProf. W. G. Adams, J.T. Bottomley, 

' Prof. W. K. ClilVord, Prof. J. D. 

Everett, Rev. R. Harley. 

1872. Brighton...;w. De La Rue, D.C.L., F.R.S. Prof. W.K.(MitTord,J.W.L.Glaisher, 

Prof. A. S. Ilerschel, G. F. Rodwell. 
187:i. Bradford ... Prof. H. J. S. Smith, F.U.S. . Prof.W. K. ClitVord, Prof. Forbes, J. 

W. L. G laisher. Prof. A. S. Horscliel. 

1874. Belfast Rev. Prof. J. II. Jellett, J.W.L.Glaisher,rrof.IIer^cliel, Kan- 

M .li.LA . dal N ixou, J. Perry, G. F. Rodwell. 

1875. Bristol Prof. Ikilfonr Stewart, M. A., Prof. W. F. Barrett,.T.W.L.G laisher, 

, LL.D., F.R.S. C. T. Hudson, G. F. Rodwell. 

1876. Glasgow ... Prof. Sir W. Thomson, M..V., Prof. W. K. Barrett, J. T. Bottomley, 

D.C.L., F.R.S. Prof. (L Forbes, J. W. L. Glaisher, 

' T. Muir. 

1877. Plymouth... , Prof.G.(’. Foster, R.A., F.R.S., Prof. W. F. Barrett, J. T. Bottomley, 

Pres. Ph}>ical S«)C. ,1. W. L. Glaisher, F. G. Landon. 

1878. Dublin.. Rev. Prof. Salmon, D.D., Prof. .1. Casey, G. F. Fitzgerald, J. 

D.C.L., F.R.S. W. L. Glaisher, Dr. (). J. Lodge. 

1870. Shcrtield ...|Gcorgo Johnstone Stoncy, A. II. Allen, J. W. Ij. Glaisher, Dr. 

M.A., F.R.S. (). J. 1 . 0 , Igo, 1). l\IacAlister. 

1880. Swansea ... Prof. W. Grylls Adams, M..\.., W. E. Ayrton, J. W. L. Glaisher, 

I F.R.S. Dr. (). J. Lodge, D. IMacAlister. 

1881. York Prof. Sir W. Thomson, M.A., Prof. W. E. Ayrton, Dr. O. J. Lodge, 

Lli.I)., D.C.L., F.R.S. D. ^lacAlister, Rev. W. Routh. 

1882. Souihamp- Rt. lion. Prof, Lord Rayleigh,! W. M. Hicks, Dr. O. J. Lodge, D. 

ton. i M.A., F.R.S. MacAlistcr, Rev. G. Richanlson. 

188:i Southport ,Prof.().Honru;i,Ph.D..F.R.S. W. M. Hicks, Prof. O. J. Lodge, 
I I). ^lacAlistcr, Prof. R. C. Rowe. 

1884. Montreal ...jProf. Sir W. Thomson, M.A.,.C. Carpmael, W. M. Hicks, A. John- 
1 LL.D., D.C.L., F.R.S. | son, O. J. Lodge, D. MacAlistcr, 
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Ivi 


Date and Place Presidents Secretaries 

1886. Aberdeen... Prof. G. Chrystal, M. A., II. E. Baynes, R. T. Glazebrook, Prof. 

F.R.S.E. W. U. Hicks, Prof. W. IngTam. 

1886. Birmingham Prof. G. H. Darwin, M.A., R. E. Bavnes, R. T. Glazebrook, Prof. 

LL.D., F.R.S. J. II. Poynting, W. N. Shaw. 

1887. Manchester Prof. Sir R. S. Ball, M.A., R. K. Baynes, R. T. Glazebrook, Prof. 

LL.D., F.R.S. H. Lamb, ^V^ N. Sliaw. 

1888. Bath Prof. G. F. Fitzgerald, M.A., R. K. Baynes, R. T. Glazebrook, A. 

F.R.S. Lodge, \V. N. Shaw. 

1889. Newcastle- Capt. W. de W. Abney, C.B., U. K. Baynes, R. T. Glazebrook, A, 

upon-Tyne R.E., F.R.S. Lodge, W. N. Shaw, H. Stroud. 

1890. Leeds J. W. L. Glaislier, Sg.D., U. T. Glazebrook, l*rof. A. Lodge, 

F.R.S., V.P.11.A.S. I W. N. Shaw, Prof. W. Stroud. 

1891. Cardiff Prof. 0. J. Lodge, D.Sc.,Ir. E. Baynes, J. Larmor, Prof. A. 

LL.D., F.R.S. I Lodge, Prof. A. L. Selby. 

1892. Edinburgh jProf. A. Schuster, Ph.D.,lll. E. Baynes, J. Larmor, Prof. A. 

F.R S., F.R.A.S. I Lodge, Dr. W. Peddic. 

1893. Nottingham I R. T. Glazebrook, M. A., F.R.S. I W. T. A. Emtage, J. Larmor, Prof. 

I Bodge, Dr. W. Peddic. 

1894. Oxford |Prof.A.W.Ruckcr,M.A.,F.R.S.!l>rof. W. II. Heaton, Prof. A. Lodge, 

, J. Walker. 

1895. Ipswich ... Prof. W. M. Hicks, M. A., Prof. W. 11. Heaton, Prof. A. Lodge, 

F.R.S. I G. T. Walker, W. Watson. 

1896. Liverpool... Prof. J. J. Thomson, M.A., Prof. W. II. Heaton, J. L. Howard, 

D.Sc., F.R.S. j Prof. A. Lodge, G. 'f. Walker, W. 

1 Watson. 

1897. Toronto ... Prof. A. R. Forsyth, M.A.,,Prof. W. lI.Heaton^T C.Glashan, J. 

I F.R.S. I L. Howard, Prof. J. G. McLennan. 

1898. Bristol j Prof. W. E. Ayrton, F.R.S. ... A. P. Chattock, J. L Howard, (’. 11. 

I * Lees, W. Watson, K. 'f. Whittaker, 

1899. Dover jProf. J. II. Poynting, F.R.S.I J. L. Howard, 0. H. Lees, W. Wat- 

' j son, E. T. Whittaker. 

1900. Bradford ... Dr. J. Larmor, F.R.S ®P. H. Cowell, A. Fowler, C. II. Lees, 

I : C^. ,T. L. Wagstalle, W. Watson, 

I i E. T. Whitt.aker. 

1901. Glasgow ... i Major P. A. MacMahon, F.R.S. If. S.Carslaw,C H. Lees, W. Stewart, 

1 Prof. L. R. Wilberforee. 

CHEMICAL SCIENCE. 

COMMITTEE OF SCIENCRS, II. — CHEMISTRY, MINERALOGY. 

1832. Oxford John Dalton, D.C.L., F,R.S. James F. W. Johnston. 

1833. Cambridge John Dalton, D.C.L., F.R.S. Prof. Miller. 

1834. Edinburgh Dr. Hope Mr. Johnston, Dr. Christiaon. 

SECTION IJ. — CHEMISTRY AND MINERALOGY. 

1836. Dublin Dr. T. Thomson, F.R.S Dr. Apjohn, Prof. Johnston. 

1836. Bristol Rev. Prof. Gumming Dr. Apjohn, Dr. C. Henry, W. Hera- 

pat h. 

1837. Liverpool... Michael Faraday, F.R.S Prof. Johnston, Prof. Miller, Dr. 

Reynolds. 

1838. Newcastle ■ Rev, William Whewoll,F.R,S. Prof. Miller, ILL. Patlinson, Thomas 

Richardson. 

1839. Birmingham Prof. T. Graham, F.R.S iDr. Golding Bird, Dr. J. B. Melson. 

1840. Glasgow ... Dr. Thomas Thomson, F.R.S. 'Dr. 11. D. Thomson, Dr. T. Clark, 

I Dr. L. Playfair. 

1841. Plymouth... Dr. Daubeny, F.R.S J. Pridcaux, R. Hunt, W. M. Tweedy. 

1842. Manchester John Dalton, D.C.L., F.R. 8. I Dr. L. Playfair, 11. Hunt, J. Graham. 

1843. Cork Prof, Apjohn, M.R.I.A 1 H. Hunt, Dr. Sweeny. 

1844. York... Piof. T. Graham, F.R.S ' Dr. L. Playfair, K. Solly, T.H. Barker. 

1846, Cambridge i P/Dv. Prof . Gumming IR. Hunt, J, P. Joule, Prof. Miller, 

I ; E. Solly. 
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Dato and Place Presidents Secretaries 


184G. Southamp- Michael Faraday, D.G.L., Dr. Miller, B. Hunt, W. Bandall. 
ton. F.B.S. 

1847. Oxford |Bev. W. V. Harcourt, M.A., B. C. Brodie, B. Hunt, Prof. Solly. 

i F.B.S. 

1848. Swansea Bichard Phillips, F.B.S iT. H. Henry, B. Hunt, T. Williams. 

1849. Birmingham! John Percy, M.D., F.B.S ;U. Hunt, G. Shaw. 

1850. Edinburgh Dr. Christison, V.P.B.S.E. ... Dr. Anderson, B. Hunt, Dr, Wilson. 

1851. Ipswich ... [Prof. Thomas Graham, F.B,S. T. J. Pearsall, W. S. Ward. 

1852. Belfast j Thomas Andrews,M.D.,F.B.S. Dr. Gladstone, Prof. Hodges, Prof. 

I Bonalds. 

185.3. Hull 'Prof. J. F. W. Johnston, M.A., H. S. Blundell, Prof. B. Hunt,T. J. 

j F.B.S. Pearsall. 

1851. Liverpool Prof.W. A.Millcr, 5I.D.,F.B.S. Dr. Edwards, Dr. Gladstone, Dr. 

Price. 

1855. Glasgow ... Dr. L 3 ’on Playfair,C.B.,F.B.S. Prof. Frankland, Dr. H. E. Boscoe. 
1860. Cheltenham Prof. B. C. Brodie, F.B.S. ...|J. Horsley, P. J. W’orsley, Prof. 

r Voelckcr. 

1857. Dublin Prof. Apjohn, M.D., F.B.S., ' Dr. Dfivy, Dr. Gladstone, Prof. Sul- 

M.B.I.A. I livan. 

1858. Leeds Sir ,1. F. W. Ilerschel, Bart., 'Dr. Gladstone, W. Odling, B. Bey- 

D.C.L. ' nolds. 

1859. Aberdeen... Dr. Lyon Playfair, C.B.,F.B.S. J. S. Brazier, Dr. Gladstone, G. D. 

laveing. Dr. Odling. 

1860. Oxford Prof. B. C. Brodie, F.B.S A. Vernon Harcourt, G. D. Liveing, 

; A. B. Xorthcotc. 

1801. Manchester Prof. W. A. Miller, M.D.,F.R.S. A. Vernon Harcourt, G. D. Liveing. 

1802. Cambridge Prof. W.IL. Miller, M.A.,F.U.S. H. W. Elphinst one, W. Odling, Prof. 

' Boscoe. 

1863. Newciistle ,Dr. Alex. W. Williamson, l*rof. Liveing, H. L.Pattineon, J. C. 

I F.B.S. 1 Stevenson. 

1804. Bath I W. Odling, M.B., F.B.S ^A. V. Harcourt, Prof. Liveing, B. 

i ; Biirgs. 

1865. Birmingham; Prof. W. A. ^liller, M.D., A. V. Harcourt, II. Adkins, P^of. 

1 V.P.B.S. I Wanklyn, A. Winkler Wills. 

1806. Nottingham IT. Bence Jone.s, 3I.D., F.B.S.* J. H. Atherton, Prof. Liveing, W. J. 

1 I Bussell, J. White. 

1807. Dundee ... Prof. T. Anderson, M.D., A. Crum Brown, Prof. G. D. Liveing, 

: F.B.S.K. i W. J. Bu.ssell. 

1808. Norwich ... Prof. E. Frankland, F.B.S. Dr. A. Crum Brown, Dr, W. J. Bua- 

I I sell, F. Sutton. 

1809. Exeter Dr. II. Debus, F.B.S :Prof. A. Crum Brown, Dr. W. J. 

j I Bussell, Dr. Atkinson. 

1870. Liverpool... Prof. 11. E. Boscoe, B..\.,Trof. A. Crum Brown, A. E. Fletcher, 

F.B.S. Dr. W. J. Bussell. 

1871. Edinburgh Prof. T. Andrews, M.D., F.B.S. J. Y. Buchanan, W. X. Hartley, T. 

' E. Thorpe. 

1872. Brighton ... Dr, J. H. Gladstone, F.B,S.... Dr. ^lills, W. Cliandler Boberts, Dr. 

W. J. Bussell. Dr. T. Wood. 

1873. Bradford... .Prof. W. J. Bussell, F.B.S.... Dr. Armstrong, Dr. Mills, W. Chand- 

' 1 ler Boberts, Dr. Thorpe. 

1874. Belfast Prof. A. Crum Brown, M.D., Dr. T. Cranstoun Charles, W. Chand- 

F.B.S.E. ler Boberts, Prof. Thorpe. 

1875. Bristol A. G. Vernon Harcourt, M,A., Dr. IT. E. Armstrong, W. Chandler 

F.B.S. Roberts, W. A. Tilden. 

1876. Glasgow ...W.IL Perkin, F.B.S W. Dittmar, W. Chandler Roberts, 

I J. M. Thomson, W. A. Tilden. 

1877. Plymouth... F. A. Abel, F.B.S Dr. Oxland, W. Chandler Roberts, 

I J. Thomson. 

1878. Dublin ' Prof. Maxwell Simpson, M.D., W. Chandler Roberts, J. M. Tliom- 

I F,B.S, son, Dr. C. B. Tichbomc, T. Wills, 
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Date and Place ! Presidents 


Secretaries 


1879. 

1880. 

1881. 

1882. 

1883. 

1884. 
1886. 
1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 


Sheffield ...jProf. Dewar, M.A., F.R.S. 
Swansea ... | Joseph Henry Gilbert, Ph.D., 


York 

Southamp- 

ton. 

Southport 
Montreal ... 
Aberdeen . . . 
Birmingham 


F Ri S 

Prof, a! W. Williamson, F.R.S. 
Prof. G. D. Liveing, M.A., 
F.R.S. 

Dr. J. H. Gladstone, F.R.S... 

Prof. Sir H. E. Roscoe, Ph.D., 
LL.D., F.R.S. 

Prof. H. E. Armstrong, Ph.D., 
F.R.S., Sec. C.S. 

W. Crookes, F.R.S., V.P.C.S. 


! 

Manchester iDr. E. Schunck, F.R.S. 


Bath. 


Newcastle- 
upon-Tyne 
Leeds 


Cardiff 

Edinburgh 


Prof. W. A. Tildon, D.Sc., 
F.R.S., V.P.C.S. 

Sir I. Lowthian Bell, Bart., 
D.C.L., F.R.S. 

Prof. T. E. Thorpe, B.Sc., 
Ph.D., F.R.S , Treas. C.S. 
Prof. W. C. Roberts-Au.sten, 
C.B., F.R.S. 

Prof. H, McLeod, F.R.S 


Nottingham Prof. J. Emerson Reynolds, 

I M.D., D.Sc., F.R.S. I 

Oxford Prof. H. B. Dixon, M.A., F.R.S. 


H. S. Bell, W. Chandler Roberts, 
J. M. Thomson. 

P. P. Bedson, H. B. Dixon, W. R. E. 

TTod'jkioMO', J. M. Thomson. 

P. \\ Ped-oii, n.B. Dixon, T. Gough. 
P. Phillips Bedson, H. B. Dixon, 
J. L. Nottcr. 

Prof. P. Phillips Bedson, II. B. 

Dixon, H. Forster Morley. 

Prof. P. Phillips Bedson, H. B. Dixon, 
T. McFarlane, Prof. W. H. Pike. 
Prof P. Phillips Bedson, H. B. Dixon, 
H. Forster^Iorley, Dr. W.J. Simpson. 
P. P. Bedson, 11. B. Dixon, H. F. Mor- 
ley,W.W. J. Nicol, C. J. Woodward. 
Prof. P. Phillips Bedson, H. Forster 
Morley, W. Thomson. 

Prof. H. B. Dixon, II. Forster Morley, 
R. E. Moyle, W. W. J. Nicol. 

H, Forster Morley, D. II. Nagel, W. 

W. J. Nicol, H. L. Pattin.son, jun. 
C. H. Bothamley, H. Forster Morlev, 
I). H. Nagel, W. W. J. Nicol. 

C. H. Bothamley, H. Forster Morley, 
W. W. J. Nicol, G. S. Turpin. 

J. Gibson, H. Forster Morley, D. H. 

Nagel, W. W. J. Nicol. 

J. B. Coleman, M. J. R. Dunstan, 
D. II. Nagel, W. W. J. Nicol. 

A. Colefa.x, W. W. Fisher, Arthur 
Harden, H. Forster Morley. 


1895. Ipswich ... 

1896. Liverpool... 
1897 Toronto ... 

1898. Bristol 

1899. Dover 

1900. Bradford... 

1901. Glasgow ... 


SECTION B (continued ). — chemistry. 

Prof. R. Meldola, F.R.S E. H. Fison, Arthur Harden, C. A. 

[ Kohn, J. W. Rodger. 

Dr. Ludwig Mond, F.R.S. Arthur Harden, C. A. Kohn. 

Prof. W. Ramsay, F.R.S Prof. \V. H Ellis, A. Harden, C. A. 

Kohn, Prof. K. F. Ruttan. 

Prof. F. R. Japp, F.RS ;C.A.Kohn,F. W. Stoddart, T K.Rcsc. 

Horace T. Brown, F.R.S A. D. Hall, C. A. Kohn, T. K. Ro^o, 

Prof. W. P. Wynne. 

Prof. W. H. Perkin, F.R.S. ... !W. M. Gardner, F. S. Kipping, W. 

' J. Pope, T. K. Rose. 

Prof. Percy F. Frankland,! W. C. Anderson, G. G. Ilender.son, 
F.R.S. W. J. Pope, T. K. Rose. 


GEOLOGICAL (and, until 1851, GEOGRAPHICAL) SCIENCE. 

COMMIITEE OP SCIENCES, III. — GEOLOGY AND GEOGRAPHY. 

1832. Oxford IR. I. Murchison, F.R.S iJohn Taylor. 

1833. Cambri4ge .|g. B. Greenough, F.R.S W. Lonsdale, John Phillips. 

1834. Edinburgh . i Prof. Jaipeson j J. Phillips, T. J. Torrie, Rev. J. Yates. 


1835. Dablin 

7836, Bristol 

1837. Liverpool... 


SECTION C. — GEOLOGY AND GEOGRAPHY. 

R. J. Griffith ; Captain Portlook, T. J. Torrie. 

Rev. Dr. Buckland, F.R.S. — i William Sanders, S. Stutchbury, 
6^<?o<7.,R.I.Murchi8on,F.R.S.| T. J. Torrie. 

Rev. Prof . Sedgwick, F.R.S.— 1 Captain Portlock, R. Hunter. — Oeo- 
^efii^.,G.B.Greenough,F.R.S. gra/phy^ Capt. H. M. Denham, R.N. 
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Presidents Secretaries 

C. Lyell, F.R. 8 ., V.P.G.S.— W. C. Trevelyan, Capt. Portlock.- 
Geography^ Lord Prudhoe . Geography ^ Capt. VTu - i ■ i : • j I • . 

Rev. Dr. Bnckland, F.R.S. — George Lloyd, M.D., II. I'.. Sirick- 
6 '/’Oj 7 .,G.B.Greenough,F.R.S.' land, Charles Darwin. 

Charles Ijyell, F.R.S. — Oeog., i W. J, Hamilton, D. Milne, H. Murray, 
G. B. G reenough, F.R. 8 . H. K. Strickland, J. Secular. 

H. T* He la Beche, F.R.S. ... W.J. Hamilton, Ed ward Moore, M.D., 

It. Hutton. 

R. I. Murchison, F.R.S E. W. Binney, R. Hutton, Dr. R. 

Lloyd, H. £. Strickland. 

Richard E. Griffith, F.R.S. ... F. M. Jennings, H. E. Strickland. 
Henry Warburton, Pres. G. S. Prof. Ansted, E. H. Bunbury. 

Rev. Prof, Sedgwick, M.A. Rev. J. C. Camming, A. C. Ramsay, 
F.R.S. Rev. W. Thorp. 

Leonard Horner, F.R.S ' Robert A. Austen, Dr. J. H. Norton, 

Prof. Oldham. Dr. C. T. Beke. 

Very Rev.Dr.Buckland, F.R.S. Prof. Ansted, Prof. Oldham, A. C. 

Ramsay, J. Raskin. 

Sir H. T. Dc la Bcclie, F.R.S. S. Benson, Prof. Oldham, Prof. Ramsay 

Sir Charles Lycll, F.R.S J. B. Jukes, Prof. Oldham, A. C. 

Ramsay. 

Sir Roderick 1. Murchison, A. Keith Jolinston, Hugh Miller, 
F.R.S. Prof. Nicol. 

SECTION c (continued), — geology. 

1861. Ipswich ... William Hopkins, M. A., F.R.S. C. J. F. Bunbury, G. W. Ormerod, 

, Searles Wood. 

1862. Belfast ,Licut.-Col. Portlock, R.E.,| James Bryce, James MacAdam, 

; F.R.S. Prof. M»Coy, Prof. Nicol. 

1863. Hull Prof. Sedgwick. F.R.S Prof. Harkness, William Lawton. 

186 1. Liverpool.. Prof. Edward Forbes, F.R,S. John Cunningham, Prof. Harkness, 

G. W. Ormerod, J. W. Woodall. 

1866. Glasgow ....Sir R. I. Murchison, F.R.S 1. Bryce, Prof. Ilarkiiess, Prof. Nicol. 

1 860. Cheltenham I Prof . A. C. Ramsa}', F.li.S.... Rev. P. B. Brodie, Rev. R. Hep- 

j worth, lidward Hull, J. Scougall, 

T. Wright. 

1867. Dublin i The Lord Talbot de Malahide Prof. Harkness, G. Sanders, R. H. 

I Scott. 

1 868. Leeds I William Hopkins,M.A., F.R.S. Prof. Nicol, H. C. Sorby, E. W.Shaw. 

186!). Aberdeen... I Sir (Miarles Lyell, LL.D., Prof. Harkness, Rev. J, Longmuir 

D.(\L., F.R.S. IT. C. Sorby. 

1860. Oxford Rev. Prof. Sedgwick, F.R.S.., Prof. Harkness, K. Hull, J. W. 

Woodall, 

1861, Manchester Sir R. 1. Murchison, D.C.L., j Prof. Hai'kness, Edward Hull, T. 

Lli.D., F.R.S. Rupert Jones, ( 1 . W. Ormerod. 

1802. Cambridge J. Ih’Cle Jukes, M.A., F.R.S. Lucas Barrett, Prof, T. Rupert 

Jones, IT. C. Sorby. 

1863. Newcastle Prof. Warington W. Smyth, E. F. Boyd, John Daglish, H. C. 

1 F.R.S., F.G.S. Sorby, Thomas Sopwith. 

1864. Bath Prof. J. IMiillips, LL.D.« W. B. Dawkins, J. Johnston, H. C. 

F.R.S., F.li.S. Sorby, W. PeiigelJy. 

1866. Birmingham Sir R. 1. Murchison, Bart., Rev. P. B. Brodie, J, Jones, Rev. E. 

K.C.B. Myers, II. C. Sorby, W, Pcngelly. 

1860. Nottingham Prof. A. C. Ramsay, LL.D., R. Kt horidge, W. Pengelly, T. Wil- 
F.U.S. 1 son, G. U. Wright. 

1867. Dundee ... Archibald Gcjkie, F.R.S E. Hull, W. Pengelly, H. Woodward. 

1868. Norwich ... R. 4* C. God win- Austen, Rev. O. Fisher, Rev. J. Gunn, W. 

F.R.S., F.G.S. Pengelly, Rev. H. H. Winwood. 


Date and Place 

1838. Newoastle.. 

1839. Birmingham 

1840. Glasgow ... 

1841. Plymouth... 

1842. Manchester 

1843. Cork 1 

1844. York 

1845. Cambridge. 

1846. Southamp- 
ton. 

1847. Oxford 

1848. Swansea ... 

1849. Birmingham 

1860. Edinburgh* 


* Geography was constituted a separate Section, sec page Ixv. 
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Date and Place 


1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton „.j 

1873. Bradford... 

1874. Belfast I 

1876. Bristol 

1876. Glasgow .. 

1877. Plymouth...! 

1878. Dublin 

1879. Sheffield ... 

1880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport 

1884. Montreal ... 

1885. Aberdeen... 

1886. Birmingham 

1887. Manchester 

1888. Bath 

1889. Newcastle- 
upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham 

1894. Oxford 

1895. Ipswich .. 

1896. Liverpool... 

1897. Toronto ... 

1898. Bristol 

1899. Dover 

1900. Bradford ... 


1901. Glasgow 


Presidents 


Secretaries 


Prof. R. Harkness, F.R.S., 
F.G.S. 

Sir Philip de M.Grey Egerton, 
Bart., M.P., F.R.S. 

Prof. A. Geikie, F.R.S., F.G.S. 

R. A. C. Godwin-Austen, 
F.R.S., F.G.S. 

Prof. J. Phillips, F.R.S 

Prof. Hull, M.A., F.R.S., 
F G S 

Dr. T. Wright, F.R.S.E., F.G.S. 

Prof. John Young, M.D 

W. Pengelly, F.R.S., F.G.S. 

John Evans, D.C.L., F.R.S., 
F.S.A., F.G.S. 

Prof. P. M. Duncan, F.R.S. 

H. C. Sorby, F.R.S., F.G.S.... 
A. C. Ramsay, LL.D., F.R.S., 

F. G.S. 

R. Etheridge, F.R.S., F.G.S. 

Prof. W. C. Williamson, 
LL.D., F.R.S. 

W. T. Blanford, F.R S., Sec. 

G. S. 

Prof. J. W. Judd, F.R.S., See. 
G.S. 

*Prof. T. 0. Bonney, D.Sc., 
LL.D., F.R.S., F.G.S. 

Henry Woodward, LL.D., 
F.R.S., F.G.S. 

Prof. W. Boyd Dawkins, M.A., 
F.R.S., FsG.S. 

Prof. J. Geikie, LL.D., D.C.L., 
F.R.S., F.G.S. 

Prof. A. H. Green, M.A., 
F.R.S., F.G.S. 

Prof. T. Rupert Jones, F.R.S., 
F.G.S. 

Prof. C. Lapworth, LL.D., 
F.R.S., F G.S. 

J. J. H. Teall, M.A., F.R.S., 
F.G.S. 

L. Fletcher, M.A., F.R.S. ... 

W. Whitaker, B.A., F.R.S. ... 

J. E. Mart, M.A., F.R.S 

Dr. G. M. Dawson, C.M.G., 
F.R.S. 

W. H. Hudleston, F.R.S 

Sir Arch. Geikie, F.R.S 

Prof. W. J. Sollas, F.R.S. ... 


John Horpe, F.R.S 


W. Pengelly, W. Boyd Dawkins, 
Rev. H. H. Winwood. 

W. Pengelly, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Morton. 
R. Etheridge, J. Geikie, T. McKenny 
Hughes, L. C. Miall. 

L. C. Miall, George Scott, William 
Toplcy, Henry Woodward. 
L.C.Miall,R.H.Tiddeman,W.Topley. 

F. Drew, L. C. Miall, R. G. Symes, 
R. H. Tiddeman. 

L. C. Miall, E. B. Tawney, W. Topley. 
J. Armstrong, F.W.Rudler,W.Topley, 
Dr. Le Neve Foster, R. H. Tidde- 
man, W. Topley. 

E. T. Hardman, Prof. J. O’Reilly, 
R. H. Tiddeman. 

W. Topley, G. Blake Walker. 

W. Topley, W. Whitaker. 

J. E. Clark, W. Keeping, W. Topley, 
W. Whitaker. 

T. W. Shore, W. Topley, E. West- 
lake, W. Whitaker. 

R. Betley, C. E. De Ranee, W. Top- 
ley, W. Whitaker. 

F. Adams, Prof. E. W. Claypole, W. 
Toplcy, W. Whitaker. 

C. K. De Ranee, J. Horne, J. J. H. 
Teall, W. Topley 

W. J. Harrison, J. J. H. Teall, W. 

Topley, W. W. Watts. 

J. E. Marr, J. J. H. Teall, W. Top- 
lcy, W. W. Watts. 

Prof. G. A. Lebour, W. Topley; W. 

W. Watts, H. B. Woodward. 

Prof. G. A. Lebour, J. E. Marr, W. 

W. Watts, H. B. Woodward. 

J. E. Bedford, Dr. F. H. Hatch, J. 

E. Marr, W. W. Watts. 

W. Galloway, J. E. Marr, Clement 
Reid, W. W. Watts. 

H. M. Cadell, J. E. Marr, Clement 
Reid, W. W. Watts. 

J. W. Carr, J. E. Marr, Clement 
Reid, W. W. Watts. 

F. A. Bather, A Barker, Clement 
Reid, W. W. Watts. 

F. A. Bather, G. W. Lamplugh, H. 
A. Miers, Clement Reid. 

J. Lomas, Prof. H. A. Miers, C. Reid. 
Prof. A. P. Coleman, G. W. Larap- 
lugh, Prof. H. A. Miers. 

G. W. Lamplugh, Prof. H. A. Miers, 

H. Pentecost. 

J. W. Gregory, G. W. Lamplugh, 
Capt. McDakin, Prof. H. A’. Miers. 

H. L. Bowman, Rev. W. Lower 
Carter, G. W. Lamplugh, H. W. 
Monckton. 

H. D. Bowman, H, W, Monckton, 
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Date and Place Presidents Secretaries 


BIOLOGICAL SCIENCES. 

COMMITTEE OF SCIENCES, IV. — ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 

1832. Oxford Rev. P. B. Duncan, F.G.S. ...I Rev. Prof. J. S. Henslow. 

1833. Cambridge* Rev. W. L. P. Garnons, B'.L.S.Sc. C. Babington, D. Don. 

1834. Edinburgh. Prof. Graham W. Yarrell, Prof. Burnett. 


SECTION D. — ZOOLOGY AND BOTANY. 

1835. Dublin Dr. Allman J. Curtis, Dr. Litton. 

1836. Bristol Rev. Prof. Henslow J. Curtis, Prof. Don, Dr. Riley, 8. 

! Rootsey. 

1837. Liverpool... W. S. MacLeay 0. C. Babington, Rev. L. Jenyns, W. 

j Swainson. 

1838. Newcastle Sir W. Jardine, Bart |J. E. Gray, Prof. Jones, R. Owen, 

Dr, Richardson. 

1839. Birmingham Prof. Owen, F.R.S .....'E. Forbes, W. Ick, R. Patterson. 

1840. Glasgow ... Sir W. J. Hooker, LL.D jProf. W. Couper, E. Forbes, R. Pat- 

i tei'son. 

1841. Plymouth.. . John Richardson, M.D., F.R.S. J. Conch, Dr. Lankester, R. Patterson. 

1842. Manchester Hon. and Very Rev. W. Her- Dr. Lankester, R. Patterson, J. A. 

bert, LL.D., F.L.S. ’ Turner. 


1843. Cork William Thompson, F.L.S. ... G. J. Allman, Dr. Lankester, R, 

' Patterson. 

1844. York Very Rev. the Dean of Man- Prof. Allman, II. Goodsir, Dr. King, 

Chester. Dr. Lankester. 

1845. Cambridge Rev. Prof. Henslow, F.L.S. ... Dr. Lankester, T. V. Wollaston. 

1846. Southamp- Sir J. Richardson, M.D., Dr. Lankester, T. V. Wollaston, H. 

ton. F.R.S. AVooldridge. 

1847. Oxford H. E. Strickland, M.A., F.R.S. Dr. I.ankester, Dr. Melville, T. V. 

Wollaston. 


SECTION D (continued). — zoology and botany, including PHYSIOLOGY. 

[For tlie Presidents and Secretaries of the Anatomical and Physiological Sub- 
sections and the temporary Section E of Anatomy and Medicine, sec p. Ixiv.] 

1848. Swansea ... |L. W. Dilhvyn, F.R.S j Dr. R. Wilbraham Falconer, A. Hen- 

! 1 frey, Dr. Lankester. 

1849. Birmingham; William Spence, B'.R.S iDr. Lankester, Dr. Russell. 

1860. Edinburgh iProf. Goodsir, F.R.S. L. v^E. iProf. J. H. Bennett, M.D., Dr. Lan- 

kestcr, Dr. Douglas Maclagan, 

1861. Ipswich ... Rev. Prof. Henslow, M.A., j Prof. Allman, F. W. Johnston, Dr. E, 

F.R.S. Lankester. 

1862. Belfast W. Ogilby Dr. Dickie, George C. Hyndman, Dr 

Edwin Lankester. 

863. Hull C. C. Babington, M.A., F.R.S. Robert Harrison. Dr. E. Lankester. 

864. Liverpool... Prof, Balfour, M.D., F.R.S.... Isaac Byerley, Dr. E. Lankester. 
866. Glasgow ... Rev. Dr. Fleeming, F.R.S.E. William Keddie, Dr. Lankester. 

866. Cheltenham Thomas Bell, F.R.S., Pres.L.S.j Dr. J. Abercrombie, Prof. Buckman 

I Dr. Lankester. 

867. Dublin Prof, W. H. Harvey, M.D., 1 Prof. J.R.Kinahan, Dr. E. Lankester 

F.R.S. ' Robert Patterson, Dr. W. E. Steele 

* At this Meeting Physiology and Anatomy were made a separate Committee 
for Presidents and Secretaries of which see p. Ixiv. 





m 

Date and Place | Presidents Secretaries 

1868. Leeds C. C. Babington, M.A., F.K.S. Henry Denny, Dr. Heaton, Dr. E. 

' Lankester, Dr. E. Perceval Wright. 

1869. Aberdeen... Sir W.J^rdine, Bart., P.R.S.E. Prof. Dickie, M.D., Dr. E. Lankester, 

Dr. Ogilvy. 

1860. Oxford iRev. Prof. Hebslow, F.L.S.... W. S. Church, Dr. E. Lankester, P. 

j L. Sclater, Dr. E. Perceval Wright. 

1861. Manchester I Prof . 0. C. Babington, F.R.S. Dr. T. Alcock, Dr. E. Lankester, Dr. 

P. L. Sclater, Dr. E. P. Wright. 

1862. Cambridge Prof. Huxley, F.R.S Alfred Newton, Dr. E. P. Wright. 

1863. Newcastle Prof. Balfour, M.D., F.R.S.... .Dr. E. Charlton, A. Newton, Rev. H. 

j i B. Tristram, Dr. E. P. Wright. 


1864. Bath Dr. John E. Gray, F.R.S. ... H. B. Brady, C. E. Broom, H. T. 

; I Stainton, Dr. E. P. Wright. 

1865. B ir ming- T. Thomson, M.D., F.R.S. ... ' Dr. J. Anthony, Rev. C, Clarke. Rev. 

ham * I H. B. Tristram, Dr. E. P. Wright. 


SECTION D (continued). — biology. 

1866. Nottingham , Prof. Huxley, F.R.S. — De}), Dr. J. Bertdard, W. Felkin, Rev. H. 

Prof. Humphry, B. Tristram, W. Turner, E. 15. 

, YM.^.—Dep.of Anthropol, Tylur, Dr. K. P. Wright. 

A. R. Wallace. 

1867. Dundee ... Prof, '^liaincy, M.D., Sec. R.S. (J. Spence ])at(', Dr. S. Cobbold, Dr. 

Ihp, ZooL and BoK, U. Foster, H. T. Stainton, Rev. 
George Busk, M.D., K.R.S, H. I>. Tristram, J'roJ’. W. Turner. 

1868. Norwich ... Rev. M. J. Berkeley, F.L.S. Dr. T. S. Cobbold, G. W. Firth, Dr. 

t — J)c2?> of Phifnoloijift W. ^1. Foster, Prof. Lawson, H. T . 

^ H. Flower, F.R.S. Stainton, Ihw. Dr. II. B. Tri.stram, 

' Dr. E. P. Wriglit. 

1869. Exeter George Busk, P’.R.S., F.L.S. Dr. T. S. Cobbold, Prof. M. Foster, 

1 — Bip. of Bot, and Zool.j E. Ray Lankester, Prof. Lawson, 

j C. Spence Bate, F.R.S.— H. T. Stainton, Rev. H. B. Tris- 

I Pc'/A e/ E. B. Tylor. tram. 

1870. Liverpool... Prof.G. Kolle,ston,M.A., M.D., Dr. T. S. Cobbold, Sebastian E\ans, 

' F.R.S., F.L.S. — dPp* Prof. Lawson, Tbos. J. Moore, H. 

Aiiat. and Physiol. Vi. T. Stainton, Rev. H. B. Tristram, 

Foster, M.D., P'.L.S. — Jhp. C. Staniland Wake, E. Ray Lan- 

of Ethno.f J. Evans, F.R.S. kcst(‘r. 

Prof. Allen Thomson, M.D., Dr. T. R. Fraser, Dr. Arthur Gamgee, 
F.R.S. — I)ep. if Bot. and E. Hay Lankester, Prof. Lawson, 
i;b«;Z,,Prof.WyvilleThomson, H. T. Stainton, C. Staniland Wake, 
F.R.S. — I)ep. of Anthropol.y Dr. W. Rutherford, Dr. Kelbiltne 

Prof. W. Turner, M.D. King. 

Sir J. Lubbock, Bart., F.R.S.— Prof. Thiselton-Dycr, H. T. Stainton, 
JDep. of Afiat. and Physiol.^ Prof. Lawson, F. W. Rudler, J. H. 

Dr. Burdon Sanderson, Lamprey, Dr. Gamgee, E. Ray 

F.R.S. — Dep.of I . Lankester, Dr. Pyo- Smith. 

Col. A. Lane Fo\, I .G.^. 

Ptof. Allman, B\R.S. — Dip. of Prof. Thi sell on -Dyer, Prof. Lawson, 
Amt.and PhyM.iVtoi.lAvi- R. M‘Lachhui, Dr. Pye-Bthith, E. 
therfordjM.D. — Bep.ofAn- Ray Lankester, F. W, Rudler, J. 

tlirapol.'i Dr. Beddoe, F.R.S. H. Lamprey. 


187L Edinburgh.! 


1872. Brighton ... 


1873, Bradford ... 


Tlie title of Section D was changed to Biology. 



nmmmB and ojf the sectionsi 


Date and Place 


Presidents 


Secretaries 


Bristol 


, Glasgow ... 


Plymouth... 


Sheffield ... 


Swansea .. 


Southamp- 

ton. 


3. Southport* 


Prof. Kedfern, M.D. — J)ep. of\ 
Zool. and Bot^y Dr. Hooker, | 
G.B.jPres.R.S. — Bcp.ofAn- i 
throp.y^xx W.R. Wilde, M.D. j 
P. L. Sclater, F.R.S. — Bcp. of \ 
Anat. and Phys’iol., Prof.j 
Cleland, F.R.S.— of\ 
.tl/ti{A.,Prof.Rolleston,B\R.S. j 
A. Russel Wallace, F.L.S. — j 
J)ep. of Zool. and Bot.y\ 
Prof. A. Newton, B\R.S. — | 
Dip. of Anat, and PhifS'iol.,\ 
Dr. J. G. McKendrick. 

J. Gwyn Jeffreys, F.R.S. — ' 
Bep. of Anat. and Phtj»i4)l.y | 
Prof. Macalister. — Bep. of \ 
A nt?iropol.,¥ .GsL\ton,¥. R. S. i 
Prof. W. H. Flower, F.R.S. — I 
Bop. of Anthropol.y Prof. | 
Huxley, Sec. R.S. — Bop.\ 
of Anat. and. Ptcyiiol.y R. 
McDonnell, M.D., F.R.S. 
Prof. St. George Mivart, 
R. S. - Bej). of A nthropol. , l 
E. B. Tylor, D.C.L., B\R.S.' 
- J)cp. of Anai . and Phtj- 
.<<101., Dr. I*ye-Smilh. 

A.(\ L. (Junllier, F.R.S. - A j). 
of A n(ft. S' IVtynoL, F. JM. 
15al{()ur, F.R.S. — Bop. of 
' AnthropoL. W. Rudlor. 
j R. Owen. F.R.S. — of An- 
Ihropol.y Prof. W.II. Flow(‘r, i 
! BMhS. J)cp. of Anat. and 
P/n/siof, Prof. J. S. Ihirdoiil 
I Sander.son, F.R.S. 
i Prof. A. Garngee. M. D., F.lt.S. , 
I - JPp. of Zool. and Jlof., 
j Prof. M. A. Lawson, F.L.S.' 
I Bep. of AnthropoL, Prof. 

; W. Boyd Dawkins, BMl.S. . 
jProf. E. Ray liankestcr, M.A., 
t F.R.S. — Brp. of AnthropoL, 

W. Pengelly, F.R.S. 


.Montreal ...jProf. 11. N. ^loscley, M.A., 
j F.R.S. 

. Aberdeen ... i Prof . W. 0. M'Intosh, M.D., 
I LL.D., F.K.S., F.R.S.E. 

. Birmingham ‘ W. Carrnthers, Pres. L.S., 
j F.K.S., F.G.S. 

. Manchester iProf. A.Newton.M.A., B'.R.S., 
! B\L.S., V.P.Z.S. 


W. T. Thiseltort-Dyer, R. O. Cunning- 
ham, Dr. J. J. Charles, Dr. P. H. 
Pye- Smith, J. J. Murphy, F. W. 
Rudler. 

E. R. Alston, Dr. McKendrick, Prof. 
W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye- Smith, Dr. 
W. Spencer. 

E. R. Alston, Hyde Clarke, Dr. 
Knox, Prof. W. R. M‘Nab, Dr. 
Muirhead, Prof. Morri.son Wat- 


B. R. Alston, F. Brent, Dr. D. J. 
Cunningham, Dr. C. A. Hingston, 
Prof. W. R. M‘Nab, J. B. Rowe, 
F. W. Rudler. 

Dr. R. J. Harvey, Dr. T. Hayden, 
Prof. W. R. M‘Nab, Prof. J. M. 
Purser, J. B. Rowe, F. W. Rudler. 


Arthur Jackson, Prof. W. R. M‘Nab, 
J. B. Rowe, F. W. Rudler, Prof. 
Schafer. 


G. W. Bloxam, John Priestley, 
Howard Saunders, Adam Sedg- 
wick. 

G. W. Bloxam, W. A. B'orbes, Rev. 
W. C. Hey, Prof. W. R. ]M‘Nab, 
W. North, Jolin Priestley, Howard 
Saundens, H. E. Spencer. 

G. W. Bloxam, AV. Heape, J. B. 
Nias, Howard Saunders, A. Sedg- 
wick, T. W. Shore, jun. 


G. W. Bloxam, Dr. G. J. Haslam, 
W. Heape, W. Hurst, Prof. A. M. 
Marshall, Howard Saunders, Dr, 

G. A. Woods. 

Prof. W. Osier, Howard Saunders, A. 

Sedgwick, Prof, R. R. Wright. 

W. Heape, J. Ar<‘ri:i‘.:'.:-.R i;)i rS<>n, 
J, Duncan '1 .v-, Hwwiird 

Saunders, H. Mtirshall Ward. 

Prof. T. W. Bridge, W. Heape, Prof. 
W. Hillhonso, W. L. Sclater, Prof. 

H. Marshall Ward. 

C. Bailey, B\ E. Beddard, S. Har- 
mer, W. Heape, W. L. Sclater, 
Prof. H. Marshall Ward, 


Anthropology was mttdo a sepatate Section, see p, bbci. 



hbpobi — 1901. 




Bate and Place 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham^ 

1894. Oxford* ... 


1895. Ipswich ... 

1896. Liverpool... 

1897. Toronto ... 

1898. Bristol 

1899. Dover 

1900- Bradford ... 

1901. Glasgow 


Presidents 


Secretaries 


W. T. Thiselton-Dyer, C.M.G.,'F. E. Beddard, S. F. Harmer, Prof. 
F.R.S., F.L.8. : 11. Marshall Ward, W. Gardiner, 

Prof. W. D. Halliburton. 

Prof. J. S. Burden Sanderson, ' C. Bailey, F. E. Beddard, S. F, Har- 
M.A., M.D., F.R.S. i mcr, Prof. T. Oliver, Prof. H. Mar- 

; shall Ward. 

Prof. A. Millies Marshall, ' S. F. Harmer, Prof. W. A. Herdman, 
M.A., M.D., D.Sc., F.R.S. i S. J. Hickson, F. W. Oliver, H. 

j Wager, H. Marshall Ward. 

Francis Darwin, M.A., M.B.,'F. E. Beddard, Prof. W. A. Herdman, 
F.R.S,, F.L.S. I Dr. S. J. Hickson, G. Murray. Prof. 

! W. N. Parker, H. Wager. 

Prof. W. Eutherford, M.D.Jg. Brook, Prof. W. A. Herdman, G. 

F.R.S., F.R.S.E. I Murray, W. Stirling, H. Wager. 

Rev. Canon H. B. Tristram, jO. 0. Bourne, J. B. Farmer, Prof. 

I M.A., LL.D., F.R.S. | W. A. Herdman, S. J. Hickson, 

I W. B. Ransom, W. L. Sclater. 

I Prof. I. Bayley Balfour, M.A.,| W. W. Benliam, Prof. J. B. Farmer, 

I F.R.S. Prof. W. A. Herdman, Prof. 8. J. 

' Hickson, G. Murray, W.L. Sclater. 


SECTION D {continued), — zoology. 

G. C. Bourne, H. Brown, W. 10. 

Hoyle, W. L. Sclater. 

H O. Forbes, W. Garstang, W. E. 

I Hoyle. 

Prof. L. C. Miall, F.R.S 'W. Gar.stang, W. E. Hoyle, Prof. 


Prof. W. A. Herdman, F.R S. 
Prof. E. B. Poulton, F.R.S. ... 


! E. E. Prince. 


Prof. W. F.R. Weldon, F.R.S. I Prof. R. Boyce, W. Garstang, Dr, 

A. J. Harrison, W. E. Hoyle. 

W. Gar.stang, J Graham Kerr. 

W. Garstang, .T, G. Kerr, T. H. 

Taylor, Swale Vincent 
J. G. Kerr, J. Rankin, J. Y. Simpson. 


lAdam Sedgwick, F.R.S 

Dr. R. H. Trfiriuair, F.R.S. ... 

jProf. J. Cossar Ewart, F.R.S. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 

COMMITTEE OF SCIENCES, V. — ANATOMY AND PHYSIOLOGY. 

1833. Cambridge |Dr. J. Haviland |Dr. IT. J. H. Bond, Mr. G. E. Paget. 

1834. Edinburgh iDr. Abercrombie jDr. Roget, Dr. William Thomson. 


SECTION E (until 1847 ).— ANATOMY AND MEDICINE. 


1835. Dublin 

1836. Bristol 

1837. Liverpool... 


Dr. J. C. Pritchard 

Dr. P. lil. Roget, F.R.S 

Prof. W. Clark, M.D 


Dr. Harrison, Dr. Hart. 

Dr. Symonds. 

Dr. J. Carson, jun., James Long, 
Dr. J. R. W. Vose. 


1838. Newcastle |T. E. Headlam, M.D. 

1839. BirrsMugharn John Ye]lo]y% M.D., F.R.S. , 

1840. Glasgow ...jJames Watson, M.D. 


T. M. Greenhow', Dr. J. R. W, Vohc. 
Dr. G. O. Rees, F. Ryland. 

Dr. J. Brown, Prof. Couper,Prof. Reid. 


SECTION E. — PHYSIOLOGY. 


1841. Plymouth... 

1842. Manchester 

1843. Cork 

1844. York 

1846. Cambridge 


Ip. M. Roget, M.D., Sec, R.S. 

I Edward Holme, M.D., F.L.S. 
[Sir James Pitcairn, M.D. ... 

i J. C. Pritchard, M.D 

iProf. J. Haviland, M.D. 


J. Butter, J. Fuge, R. S. Sargent. 
Dr. Cbaytor, Dr. R. S. Sargent. 

Dr. John Popbam, Dr. R. S. Sargent. 
I. Erichsen, Dr. R. S. Sargent. 

Dr. R. S. Sargent, Dr. Webster. 


* Physiology was made a separate Section, see p, Ixxii. 

* The title of Section B was changed to Zoology, 


FSBSISBNTS AND SEOBBTASIBS OB THE SBOTIONS, 


Ixv 


Date and Place Presidents I Secretaries 


1846. Southamp- jProf. Owen, M.D., F.R.S. ... 0. P. Keele, Dr. Laycock, Dr. Bar- 

ton. gent. 

1847. Oxford * ... , Prof. Ogle, M.D., F.R.S T. K. Chambers, W. P. Ormerod, 


PHTSIOLOGICAIi SUBSECTIONS OP SECTION D. 

1850. Edinburgh Prof. Bennett, M.D., F.R.S.B.I 

1856. Glasgow ... Prof. Allen Thomson, F.R.S. jProf. J. H. Corbett, Dr. J. Struthers. 

1867. Dublin Prof. R. Harrison, M.D :Dr. R. D. Lyons, Prof. Redfem. 

1868. Leeds Sir 13. Brodie, Bart., F.R.S. iC. G. Wheelliouse. 

1869. Aberdeen... Prof. Sharpey, M.D., Sec. R. S. | Prof. Bennett, Prof. Redfern. 

1860. Oxford Prof.G.Bolleston,M.D.,F.L.S. Dr. R.M‘Donnell, Dr. Edward Smith. 

1861. Manchester Dr. John Davy, F.R.S. L.ic E. Dr. W. Roberts, Dr. Edward Smith. 

1862. Cambridge G. E. Paget, M.D G. F. Helm, Dr. Edward Smith. 

1863. Newcastle Prof. Rolleston, M.D., F.R.S. Dr. D. Bmbleton, Dr. W. Turner. 

1864. Bath Dr. Edward Smith, F.R.S. i J. S. Bartrum, Dr. W. Turner. 

1865. Birming- Prof. Acland, M.D., LL.D., Dr. A. Fleming, Dr. P. Heslop, 

ham 2 F.R.S. I Oliver Pembleton, Dr. W, Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 

[For Presidents and Secretaries for Geography previous to 1861, see Section C, 
p. Iviii.] 

ETHNOLOGICAL SUBSECTIONS OP SECTION D. 


1846.Southampton Dr. J. C. Pritchard Dr. King. 

1847. Oxford Prof, H. H. Wilson, M.A. ... Prof. Buckley. 

1848. Swansea G. Grant Francis. 

1849. Birmingham Dr. R. G. Latham. 


1860. Edinburgh ! Vice-Admiral Sir A. Malcolm ! Daniel Wilson, 


SECTION E. — GEOGRAPHY AND ETHNOLOGY. 

Sir R. I. Murchison, F.R.S., R. Cull, Rev. J. W. Donaldson, Dr 
Pres. R.G.S. Norton Shaw. 

Col. Chesney, R.A., D.C.L., R. Cull, R. MacAdam, Dr. Nortor 
F.R.S. Shaw. 

R. G. Latham, M.D., F.R.S. R. Cull, Rev. H. W. Kemp, Dr 

Norton Shaw. 

Sir R. I. Murchison, D.C.L., Richard Cull, Rev. H. Higgins, Dr 
F.R.S. Ihne, Dr. Norton Shaw. 

Sir J. Richardson, M.D., Dr. W. G. Blackie, R. Cull, Dr 
F.R.S. Norton Shaw. 

Col. Sir H. C. Rawlinson, R. Cull, F. D. Havtland, W. H 
K.C.B. Rumsey, Dr. Norton Shaw. 

Rev. Dr. J. Henthorn Todd, R. Cull, S. Ferguson, Dr. R. R 
Pres. R.I.A. Madden, Dr. Norton Shaw. 

Sir R.I. Murchison, G.O.St.S., R. Cull, F. Galton, P, O’Callaghan 
F.R.S. Dr. Norton Shaw, T. Wright. 


* Sections D and E were incorporated under the name of ‘ Section D — Zoolog; 
and Botany, including Physiology * (see p. Ixi.). Section K, being then, vacant 
was assigned in 1861 to Geography. 

^ Vide note on page Ixii* 

1901. 


1851. Ipswich ... 

1862. Belfast 

1863. Hull 

1864. Liverpool... 

1866. Glasgow ... 
1856. Cheltenham 

1867. Dublin 

1868. Leeds 


d 
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Ixvi 


Date and Place Presidents Secretaries 

1859. Aberdeen... Rear - Admiral Sir James Richard Cull, Prof . Geddes, Dr. Nor- 

Clerk Ross, D.C.L., F.R.S. ton Shaw. 

1860. Oxford Sir E. I. Murchison, D.O.L., Capt, Burrows, Dr. J. Hunt, Dr. 0. 

F.R.S. Lempri^re, Dr. Norton Shaw. 

1861. Manchester John Crawfurd, F.R.S Dr. J. Hunt, J. Kingsley, Dr. Nor- 

ton Shaw, W. Spottiswoode. 

1862. Cambridge Francis Galton, F.R.S J.W.Clarke,Rov.J. Glover, Dr. Hunt, 

Dr. Norton Shaw, T. Wright. 

1863. Newcastle Sir R. I. Murchison, K.C.B., C. Carter Blake, Hume Greenfield, 

F.R.S. G. R. Markham, R. S. Watson. 

1864. Bath Sir R. I. Murchison, K.O.B., H. W. Bales, C. R. Markham, Capt. 

F.R.S. R. M. Murchison, T. Wright. 

1866, Birmingham Major-General Sir H. Raw- H. W. Bates, S. Evans, G. Jabot, 
linson, M.P., K.C.B., P.R.S. C. R. Markham, Thomas Wright. 

1866. Nottingham Sir Charles Nicholson, Bart., H. W. Bates, Rev. E. T. Cusins, R. 

LL.D, H. Major, Clements R. Markham, 

D. W. Nash, T. Wright. 

1867. Dundee ... Sir Samuel Baker, F.R.G.S. H. W. Bales, Cyril Graham, C. R. 

Markham, S. J. Mackie, R. Sturrock. 

1868. Norwich ... Capt. G. H. Richards, R.N.,'t. Baines, H. W. Bates, Clements 11. 

F.R.S. 1 Markham, T. Wright. 


SECTION E {continued), — geography. 

1869. Exeter jSir Bartle Frere, K.C.B., H. W. Bates, Clements R. Markham, 

I LL.D., F.R.G.S. J. H. Thomas. 

1870. Liverpool... SirR.I.Murchison,Bt.,K.C.B., H.W. Bates, David Buxton, Albert J. 

LL.D., D.C.L., F.R.S., F.G.S. Mott, Clements R. Markham. 

1871. Edinburgh^ Colonel Yule, C.B., F.R.G.S. A. Buchan, A. Keith Johnston, Cle- 

ments R. Markham, J. H. Thomas, 

1872. Brighton... Francis Galton, F.R.S H. W. Bates, A. Keith Jolinston, 

Rev. J. Newton, J. H. Thomas. 

1873. Bradford... Sir Rutherford Alcock,K.C.B. H. W. Bates, A. Keith Johnston, 

Clements R. Markham. 

1874. Belfast Major Wilson, R.E., F.R.S., E. O. Ravenstein, E. C. Rye, J. 11. 

F.R.G.S. Thomas. 

1876. Bristol Lieut. - General Strachey, H. W. Bates, E, C. Rye, F. F. 

R.E.,C.S.I.,F.R.S., F.R.G.S. Tackett. 

1876. Glasgow ... Capt. Evans, C.B., F.R.S H. W. Bates, E. C. Rye, R. O. Wood. 

1877. Plymouth... Adm. Sir E. Ommanney, C.B. H. W. Bates, F. E. Fox, E. C. Rye. 

1878. Dublin Prof. Sir C. Wyville Thom- John Coles, E. C. Rye. 

son, LL.D., F.R.S., F.R.S. E. 

1879. Sheffield ... Clements R. Markham, C.B.,!H. W. Bates, C. E. D. Black, E. C, 

F. R.S., Sec. R.G.S. Rye. 

1880. Swansea ... Lieut.-Gen. Sir J. H. Lefroy, H. W. Bates, E. C. Rye. 

C.B., K.C.M.G., R.A., F.R.S. 

1881. York Sir J. D. Hooker, K.C.S.L, J. W. Barry, H. W. Bates. 

C.B., F.R.S. 

1882. Southamp- Sir R. Temple, Bart., G.C.S.I., E. G. Ravenstein, E. 0. Rye. 

ton. F.R.G.S. 

1883. Southport Lieut.-Col. H. H. Godwin- John Coles, K. G. Ravenstein, E. C, 

Austen, F.R.S. Rye. 

1884. Montreal... Gen. Sir J. H. Lefroy, C.B., Rev.Abb^Laiiamme, J.S.O’Halloran, 

K.C.M.G., F.R.S., V,P,R.G.S. E. G. Ravenstein, J. F, Torrance. 

1885. Aberdeen,, . Gen. J. T. Walker, C.B., R.E,, J. S. Keltie, J S, OHalloran, E. G. 

LL.D., F.R.S. Ravenstein, Rev. G. A. Smith. 

1886. Birmingham Mai. -Gen. Sir. F, J. Goldsmid, F. T. S. Houghton, J. S. Keltie, 

K.C.S.I., O.B., F.R.G.S. B. G. Ravenstein. 

1887. Manchester Col. Sir C. Warren, R.E., Rev. L, 0. Casartelli, J. S. Keltie* 

G. C.M.G., F.R.S., F.R.G.S. H. J. Mackinder, K, G. Ravenstein. 
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Presidents 


Secretaries 


Bath iCol. Sir C. W. Wilson, E.E., 

I K.C.B., F.R.S., F.R.G.S. 

Newcastle- Col. Sir F. de Winton, 
upon-Tyne 1 K.G.M.G., C.B., F.R.G.S. 

Leeds ' Lieut.-Col. Sir R, Lambert 

I Playfair, K.C.M.G., F.R.G.S. 

Cardiff IE. G. Ravenstein, F.R.G.S., 

F S S 

. Edinburgh Prof. j. Geikle, B.C.L., P.R.S.. I 
V.P.R.Scot.G.S. I 

, Nottingham H. Seebohm, Sec. R.S., F.L.S., i 
' Z S ' 

. Oxford Capt . W. J. L. Wharton, R.N., 

, F.R.S, 

. Ipswich ...iH. J. Mackinder, M.A., 
i F.R.G.S. 

. Liverpool... , Major L. Darwin, Sec. R.G.S. 

. Toronto ... J. Scott-Keltic, LL.D. 

. Bristol Col. G. Earl Church, F.R.G.S. 

. Dover Sir John Murray, F.R.S. 

. Bradford... Sir George S. Robertson, 
K.C.S.I. 

. Glasgow ... Dr. 11. R. Mill, B\R.G.S. 


J. S. Keltie, H. J. Mackinder, E. G. 
Ravenstein. 

J. S. Keltie, H. J. Mackinder, R. 

Sulivan, A. Silva White. 

A. Barker, John Coles, J. S. Keltie, 
A. Silva White. 

John Coles, J. S. Keltie, H. J. Mac- 
kinder, A. Silva White, Dr. Yeats, 
J. G. Bartholomew, John Coles, J. S. 

I Keltie, A. Silva White. 

I Col. F. Bailey, John Coles, H. O. 

' Forbes, Dr. H. R. Mill. 

,Jolin Coles, W. S. Dnlgleidi, H. N. 

; Dickson, Dr. II. B. Mill. 

John Coles, H. N. Dick.son, Dr. H. 

; R. Mill, W. A. Taylor. 

Col. F. Bailey, H. N. Dickson, Dr. 

H. R. Mill, E. C. DuB. Phillips, 
iCol. F. Bailey, Capt. Deville, Dr. 
! H. R. Mill, J. B. Tyrrell, 
jll. N. Dickson, Dr. H. R. MUl. H. C. 
Trapnell. 

H. N. Dick.son, Dr. H. O. Forbes, 
i Dr. H. R. Mill. 

|H. N. Dickson, E. Heawood, E. R. 
j Wethey. 

ill. N. Dickson, E. Heawood, G. 
' San deni an, A. C. Turner. 


STATISTICAL SCIENCE. 


COMMITTEE OP SCIENCES, VI. — STATISTICS. 

1833. Cambridge j Prof. Babbage, F.R.S jj. E. Drinkwater. 

1834. Edinburgh ! Sir Charles Lemon, Bart l Dr. Clehmd, C. Hope Maclean. 

SECTION F, — STATISTICS. 

1836. Dublin j Charles Babbage, F.R.S W. Greg, Prof. Longfield. 

1836. Bristol Sir Chas. Lemon, Bart., F.R.S.* Rev. J. E. Bromby, C. B. Fripp, 

! James Hey wood. 

1837. Liverpool... I Rt. Hon. Lord Sandon !W. R. Greg, W. Langton, Dr, W. C, 

I I Taylor. 

1838. Newcasf lo | Colonel Sykes, F.R.S ! W. Cargill, J. Heywood, W. R. Wood. 

1839. Birmingham Henry Hallam, F.R.S jF. Clarke, R. W. Rawsoii, Dr. W. C. 

I Tayler, 

1840. Glasgow ... Lord Sandon, M.P., F.R.S. }c. R. ISaird, Prof. Ramsay, R.W, 

I Rawson. 

1841. Pl 3 rmouth... Lieut.-Col. Sykes, F.R.S |Rev. Dr. Byrth, Rev. R. Luney, R. 

i W. Rawson. 

1842. Manchester G. W. Wood, M.P., F.L.S. ... ;Rev. R. Luney, G. W. Ormerod, Dr. 

AV. C. Taylor. 

Dr. D. Bullen, Dr. W. Cooke Tayler, 
J. Fletcher, J. Heywood, Dr. Lay- 
cock. 

J. Fletcher, Dr. W. Cooke Tayler. 

J. Fletcher, F. G. P. Neison, Dr. W 
C. Tayler, Rev. T. L. Shapeott. 
Rev. W. H. Cox, J. J. Danson, F. G 
P. Neison. 

J. Fletcher, Capt. R. Short rede. 

Dr. Finch, Prof. Hancock, F, P. G 
Neison. 


1843. Cork Sir C. Lemon, Bart., M.P. ... 

1844. York Lieut.-Col. Sykes, F.R.S., 

F.L.S. 

1846. Cambridge Rt. Hon. the Earl Fitzwilliam 

1846. Southamp- G. R. Porter, F.R.S 

ton. 

1847. Oxford Travers Twiss, D.C.L., F.R.S. 

1848. Swansea ... J. H. Vivian, M.P., F.R.S. ... 

1849 Birmingham Rt. Hon. Lord Lyttelton 
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Date and Place 


1850. Edinburgh 


1851. Ti 
1862. W 


Presidents 


Very Kev. Dr. John Lee, 
V.P.R.S.B. 

John P. Boileau, Bart. ... 
. I ! i Grace the Archbishop of 
I Dublin. 

1853. Hull I James Heywood, M.P., F.R.S. 

1864. Liverpool... I Thomas Tooke, F.R.S 


Secretaries 


Prof. Hancock, J. Fletcher, Dr. J. 
Stark, 

J. Fletcher, Prof. Hancock. 

Prof. Hancock, Prof. Ingram, James 
MacAdam, jiin. 

Edward Cheshire, W. Newmarch. 

E. Cheshire, J. T. Danson, Dr. W. H. 

I I Duncan, W. Newmarch. 

1855. Glasgow ...In. Monckton Milnes, M.P. ... J. A. Campbell, E. Cheshire, W. New- 
1 ! march. Prof. R. H. Walsh, 

SECTION F { continued ), — economic science and statistics. 

1866. Cheltenham! Rt. Hon. Lord Stanley, M.P. |Rev. C. 11. Bromby, E. Cheshire, Dr. 

W. N. Hancock, W. Newmarch, W. 


1857. Dublin 

1868. Leeds 

1859. Aberdeen... 

1860. Oxford 

1861. Manchester 


1862. 

1863. 

1 « 61 . 

I-;-). 


Cambridge 
Newcastle , 


His Grace the Archbishop of 
Dublin, M.R.I.A. 

Edward Baines 


Col. Sykes, M.P., F.R.S. . 
Nassau W. Senior, M.A. , 


M. Tartt. 

Prof. Cairns, Dr. H. D. Hutton, W. 
Newmarch. 

T. B. Baines, Prof. Cairns, S. Brown, 
Capt. Fishbourne, Dr. J, Strang. 

! Prof. Cairns, Edmund Macrory, A. M, 
I Smith, Dr. John Strang, 
j Edmund Macrory, W. Newmarch, 
I Prof. J. E. T. Rogers. 

William Newmarch, F.R.S.... ' David Chadwick, Prof. R. C. Christie, 
I E. Macrory, Prof. J. E. T. Rogers, 

Edwin Chadwick, C.B | H. D. Macleod, Edmund Macrory. 

William Tite, M.P., F,R.S. ... IT. Doubleday, Edmund Macrory, 

Frederick Purdy, James Potts. 


Ba: : W Farr, M.D., D.C.L., F.R.S. 

P»''r:! ' }j :i IP. Hon. Lord Stanley, LL.D., 
M.P. 

Prof. J. E. T. Rogers 


1866. Nottingham 

1867. Dundee |M. E. Grant-Duff, M.P. 


1868. 

1869. 


Norwich .... 
Exeter 


1870. Liverpool... 


1871. 

1872. 

1873. 

1874. 

1876. 

1876. 

1877. 

1878. 

1879. 

1880. 
1881. 

1882. 

1883. 


Edinburgh 
Brighton ... 
Bradford ... 
Belfast 


Bristol . 


Glasgow ... 

Plymouth,. , 

Dublin 

Sheffield ... 

Swansea ... 
York 


Southamp- 

ton. 

Southport 


Samuel Brown 

Rt. Hon. Sir Stafford H. North- 
cote, Bart., C.B., M.P. 

Prof. W. Stanley Jevons, M.A. 

Rt. Hon. Lord Neaves 

Prof. Henry Fawcett, M.P. ... 
Rt. Hon. W. E. Forster, M.P. 
Lord O’Hagan 


James Heywood, M.A., F.R.S., 
Pres. S.8. 

Sir George Campbell, K.O.S.I., 
M.P. 

Rt. Hon. the Earl Fortescue 
Prof. J. K. Ingram, LL.D. j 
G. Shaw Lefevre, M.P., Pres. 
8 . 8 . 

G. W. Hastings, M.P 

Rt. Hon. M. B. Grant-Duff, 
M.A., F.R.S. 

Rt. Hon. G. Sclater-Booth, 
M.P., F.R.S. 

R. H, Inglis Palgrave, F.R.8. 


E. Macrory, E. T. Payne. F. Purdy. 
G. J. D. Goodman, G. J. Johnston, 
E. Macrory. 

R. Birkin, jun., Prof. Leone Levi, E. 

I Macrory. 

; Prof. Leone Levi, E. Macrory, A. J. 

I Warden. 

Rev. W. C. Davie, Prof. Leone Levi. 

E. Macrory, F. Purdy, C. T. D. 
Acland. 

Chas. R. Dudley Baxter, E. Afacrory, 
J. Miles Moss. 

J. G. Filch, James Meiklc. 

J. G. Fitch, Barclay Phillips. 

J. G. Fitch, Swire Smith. 

Prof. Donnell, F. P. Fellows, Hans 
MacMordie. 

F. P. Fellows, T. G. P. Hallett, E. 
Macrory. 

A. M‘Neel Caird,T.G.P. Hallett, Dr. 

W. Neilson Hancock, Dr. W. Jack. 
W. F. Collier, P. Hallett, J. T. Pim. 
W. J. Hancock, C. Molloy, J. T. Pim. 
Prof. Adamson, R. E. Leader, C. 
Molloy, 

N. A. Humphreys, 0. Molloy. 

C. Molloy, W. W. Morrell, J. F. 
Moss. 

G. Baden- Powell, Prof. H. S. Fox- 
well, A. Milnes, 0. Molloy. 

Rev. W. Cunningham, Prof. H. 8. 
I Foxwell, J. N, Keynes, C. Molloy. 
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Date and Place Presidents | Secretaries 

! 

1884. Montreal ... Sir Richard Temple, Bart. J Prof. H. S. Foxwell, J. S. McLennan, 

G.C.S.I., C.I.E., F.R.G.S. ! Prof. J. Watson. 

1885. Aberdeen... Prof. H. Sidgvdck, LL.D.,|Rev. W. Cunningham, Prof. H. S. 

j Litt.D. j Foxwell, C. McCombie, J. F. Moss. 

1886. Birmingham] J. B. Martin, M.A, F.S.S. F. F. Barham, Rev. W. Cunningham, 

' Prof. H. S. Foxwell, J. F. Moss. 

1887. Manchester Robert Qiffen, LL.D.,V.P.S.S. ; Rev. W. riinningl-nm, F. Y. Edge- 

j worth, T. H. Elliott, C. Hughes, 

' J. E. C. ]Miinro, G. H. Sargant. 

1888. Bath ^ Rt. Hon. Lord Bramwell, Prof. F. Y. EdL^oworth, T. H. Elliott, 

j LL.D., F.R.S. H. 8. Foxwell, L. L. F. R Price. 

1889. Newcastle- Prof. F. Y. Edgeworth, M.A., Rev. Dr. Cunningham, T. H. Elliott, 

upon-Tjne F.S.S. F. B. Jevons, li. L. F. R. Price. 

1890. Leeds Prof. A. Marshall, M. A., F.S.S. W. A. Brigg, Rev. Dr. Cunningham, 

! . T. H. Elliott, Prof. J. E. C. Munxo, 

' ' L. L. F. R. Price. 

1891. Cardiff Prof. W. Cunningham, D.D., Prof. J, Brough, E. Caiman, Prof. 

I D.Sc., F S.S. E. C. K. Gonner, H. LI. Smith, 

Prof. W. R. Sorley. 

1892. Edinburgh |Hon. Sir C. W. Fremantle, Prof. J. B; ■ J R. Findlay, Prof. 

' K.C.B. E. C. K. H. Higgs, 

L. I.. F. K. Price. 

1893. Nottingham Prof. J. S. Nicholson, D.Sc., Prof. E C. K. Conner, H. de B. 

' F.S.S. ■ Gibbios, J. A. H. Green, H. Higgs, 

L. fi. F. R. Price. 

1894. Oxford Prof. C. F. Bastable, M.A., E. Caiman. Prof. E. C. K. Gonner 

F.S.S. W. A. S. Hewins, H. Higgs. 

1895. Ipswich ... L. L. Price, M.A E. Caiman, Prof. E. C. K. Gonner, 

H. Higgs. 

1896. Liverpool... Kt. Hon. L. Courtney, M.P.... E. Caiman, Prof. E. C. K. Conner, 

W. A. S. Hewins, H. Higgs. 


1897. Toronto ... Prof. E. C. K. Conner, M.A. E. C’aiinan, H. Higgs, Prof. A. Shortt, 

1898. Bristol ' J. Bonar, M.A., LL.D. E. Caiman, Prof. A. W. Flux, H. 

j Higgs, W. E. Tanner. 

1899. Dover iH. Higgs, LL.B A. 1^ Bowley, E. Cannan, Prof. A. 

W. Flax, Uev. G. Sarson. 

1900. Bradford ... Major P. G. Craigie, V.P.S.S. A. L. Bowley, E. Cannan, S. J. 

Chapman, F. Hooper. 

1901. Glasgow ... Sir U. Giflen, K.C.B,, F.R.S. W. W. Blackie, A. L. Bowley, E. 

Cannan, S. J. Chapman. 


SECTION G.--MECHANICAL SCIENCE. 

183G. Bristol Davies Gilbert, D.C.L., F.R.S. ; T. G. Bunt, G. T. Clark, W. West. 

1837. Livei'i^ool... Rev. Dr. Robinson (diaries Vignoles, Thomas Webster. 

1838. Newcastle ] Charles Babbage, F.R.S K. Hawthorn, C.Vignoles.T. Webster. 

1839. Birmingham i Prof. Willis, F,R.S., and Robl. W. Carpmacl, William Hawkes, T. 

Stephenson. | Webster. 

1840. Glasgow .... Sir John Robinson J. Scott Russell, J, Thomson, J. Tod, 

' C. Vignolcs. 

1841. Plymouth John Taylor, F.R.S ; Henry Chat field, Thomas Webster. 

1842. Manchester Rev. Prof. Willis, F.R.S ; J. F. Bateman, J. Scott Russell, J, 

j Thomson, Charles Vignoles. 

1843. Cork Prof, J. Macncill, M.R.LA,... j James Thomson, Robert Mallet. 

1844. York John Taylor, F.R.S jCharlovS Vignoles, Thomas Webster, 

1845. Cambridge George Rennie, F.R.S ' Rev. W. T. Kingsley. 

1846. '*■ ■■ -I.; ■.‘n lb, ..i'- . . Willis, M.A., F.R.S. i William Betts, jun., Charles Manby, 

1847. Mx; ; i’: : Walker, M.A., F.R.S. J. Glynn, R. A. Le Mesurier. 

1848. Swansea ... Rev. Prof. Walker, M.A.,F.R.S. R. A. Le Mesurier, W. P. Struv^. 

1849. Birmingham Robt. Stephenson, M.P.,F,R.S. Charles Manby, W. P. Marshall. 

1850. Edinburgh Rev. R, Robinson Dr. Lees, David Stephenson. 
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Date and Plaee 


1861. Ipswich ... 
1852. Belfast 

1863. Hull 

1864. Liverpool... 

1865. Glasgow ... 

1866. 

1867. !>..!> :r‘ 

1868. Leeds 

1869. Aberdeen... 

1860. Oxford 

1861. Manchester 

1862. Cambridge. 

1863. Newcastle . 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast 

1875. Bristol 

1876. Glasgow ... 

1877. Plymouth... 

1878. Dublin 

1879. Sheffield ... 

1880. Swansea ... 

1881. York 

1882. Southamp- 

ton. 

1883. Southport . 

1884. Montreal ... 

1885. Aberdeen... 

1886. Birmingham 


Presidents 


William Cubitt, F.R.S 

John Walker, C.E., LL.D., 
F.R.S. 

William Fairbairn* F.R.S. 
John Scott Russell, F.R,S. ... 
W. J. M. Rankine, F.R.S. ... 

Rennie, F.R.S 

II'. II' M. the Earl of Rosso, 
F.R.S. 

William Fairbairn, F.R.S 

Rev. Prof. Willis, M.A., P.R.S. 

Prof . W. J. Macquom Rankine, 
LL.D., F.R.S. 

J. F. Bateman, C.E., F.R.S.... 

William Fairbairn, F.R.S. 
Rev. Prof. Willis, M.A.,F.R.S. 

J. Hawkshaw, F.R.S 

Sir W. G. Armstrong, LL.D., 
F.R.S. 

Thomas Hawksley, V.P. Inst. 
C.E., F.G.S. 

Prof .W. J. Macquorn Rankine, 
LL.D., F.R.S. 

G. P. Bidder, C.E., F.R.G.S. 

C. W. Siemens, F.R.S 

Chas. B, Vignoles, C.E., F.R.S. 

Prof. FI coming Jenkin, F.R.S. 
F. J. Bramwcll, C.E 


Secretaries 


W. H. Barlow, F.R.S. 


Prof. James Thomson, LL.D., 
C.E., F.R.S.E. 

W. Froude, C.E., M.A., F.R.S. 

C. W. Mcrrifield, F.R.S 

Edward Woods, C.E 


John Head, Charles Manby. 

John F. Bateman, C. B. Hancock, 
Charles Manby, James Thomson. 
J. Oldham, J. Thomson, W. S. Ward. 
J. Grantham, J. Oldham, J. Thomson. 
L. Hill, W. Ramsay, J. Thomson. 

C. Atherton, B. Jones, H. M. Jeffery. 
Prof. Downing, W.T. Doyne, A. Tate, 
James Thomson, Henry Wright. 

J. C. Dennis, J. Dixon, H. Wright. 
R. Abernethy, P. Le Neve Foster, H. 
Wright. 

P. Le Neve Foster, Rev. F. Harrison, 
Henry Wright. 

P. Le Neve Fqster, John Robinson, 
H. Wright. 

W. M. Fawcett, P. Le Neve Foster. 
P. Lc Neve Foster, P. Westmacott, 
J. F. Spencer. 

P. Le Neve Foster, Robert Pitt. 

P. Lc Neve Foster, Henry Lea, 
W. P. Marshall, Walter May. 

P. Le Neve Foster, J. F. Iselin, M* 
0. Tarbotton. 

P. Le Neve Foster, John P. Smith, 
W. W. Urquhart. 

P. Le Neve Foster, J. F. Iselin, C, 
Manby, W. Smith. 

*P. Le Neve Foster, H. Bauerman. 

' H. Bauerman, P. Le Neve Foster, T. 

King, J. N. Shoolbred. 

‘H. Bauerman, A. Leslie, J. P. Smith. 
iH. M. Brunei, P. Le Neve Foster, 
J. G. Gamble, J. N. Shoolbred. 
C.Barlow,H. Bauerman. E.H.Carbutt, 
i J. C. Hawkshaw, J. N. Shoolbred. 
A. T. Atchison, J. N. Shoolbred, John 
Smyth, jun. 

W. R. Browne, H. M. Brunei, J. G. 

' Gamble, J. N. Shoolbred. 

»W. Bottomloy, jun., "W. o. Millar, 
: J. N. Shoolbred, J. P. Smith. 

A. T. Atchison, Dr. Merrifield, J. N. 
Shoolbred. 


Edward Easton, C.E 'A. T. Atchison, R. G. Symes, H. T. 

: Wood. 

J. Robinson, Pres. Inst. Mech. ' A. T. Atchison, Emerson Bainbridge, 
Eng. j H. T. Wood. 

J. Abernethy, F.R.S.E A. T. Atchison, H. T. Wood. 

Sir W. G. Armstrong, C.B., A. T. Atchison, J. P. Stephenson, 
LL.D., D.C.L., F.R.S. i H. T. Wood. 

John Fowler, C.E. , F.G.S. ... A. T. Atchison, P Churton, H. T. 
i Wood. 

J. Brunlees, Pres.Inst.O.E. A. T. Atchison, E. Rigg, H. T. Wood. 
Sir P. J. Bramwell, F.R.S.,! A. T. Atchison, W. B. Dawson, J, 
V.P.Inst.O.E. Kennedy, H. T. Wood. 

B. Baker, M.Inst. C.E ... A. T. Atchison, F. G, Ogilvie, E, 

j Rigg, J. N. Shoolbred. 

Sir J. N. Douglass, M.Inst. 10. W. Cooke, J. Kenward, W. B, 
C.E. i Mai’shall, E. Rigg. 
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Presidents Secretaries 


Prof. Osborne Reynolds, M. A., 1 0. F. Budenberg, W. B. Marshall, 
LL.D., F.R.S. 1 E. Rigg. 

W. H. Preece, F.RS., C. W. Cooke, W. B. Marshall, E. 

M.Inst.C.E. Riggt P- K. Stothert. 

W. Anderson, M.Inst.C.E). ...iC. W. Cooke, W. B. Marshall, Hon. 

I G. A. Parsons, B. Rigg. 

Capt. A. Noble, C.B., F.R.S., E. K. Clark, C. W. Cooke, W'. B. 

E'.R.A.S. Marshall, E. Rigg. 

T.I^orster Brown, M.Inst.C.E. C. W. Cooke, Prof. A. C. Elliott, 

W. B. Marshall, E. Rigg. 

Prof. W. C. Unwin, E\R.S., C. W. Cooke, W. B. Marshall, W. C. 

M.Inst.C.E. I Popplewell, E. Rigg. 

Jeremiah Head, M.Inst.C.E., C. W. Cooke, W. B. Marshall, E. 

E\C.8. Biggi H. Talbot. 

Prof. A. B. W. Kennedy, Prof. T. Hudson Beare, C. W. Cooke, 
E\R.S., M.Inst.C.E. W. B. Marshall, Rev. ¥. J. Smith. 

Prof. L. E'. Vernon-Harcourt, Prof. T. Hudson Beare, C. W. Cooke, 
M.A., M.Inst.C.E. W. B. Marshall, P. G. M. Stoney. 

Sir Douglas E"ox,V.lMnst.C.E. Prof. T. Hudson Beare, C. W. Cooke, 

S. Dunkerley, W. B. Marshall. 

1897. Toronto ... G. F. Deacon, M.Inst.C.E. Prof. T. Hudson Beare, Prof. Callen- 

dar, W. A. IMce. 

1898. Bristol Sir J. Wolfe-Barry, K.C.B.,;Prof. T. H. Beare. Prof. J. Munro, 

EMl.S. ' H. W. Pearson, W. A. Price. 

1‘899. Dover ' Sir W. White, K.C.B., F.R.S, Prof. T. H. Beare, W. A. Price, H. 

' El. Stilgoe. 

1900. Bradford ... i Sir Alex. R. Binnie, M.Inst.* Prof. T. H. Beare, C. E’'. Charnock, 

I C.E. I Prof. S. Dunkerley, W. A. Price. 

1901. Glasgow ... I R. E. Crompton, M.Inst.C.E. 1 H.Bamford,W.E. Dalby, W. A.Price. 

SECTION H,-~-ANTHROPOLOGY. 

1881. Montreal ... ; E. B. Tylor, D.C.L., E\R.S. ... iG. W. Bloxam, W. Hurst. 

1885. Aberdeen...' E’rancis Galton, M.A., F.R.S. 'G. W. Bloxam, Dr. J. G. Garson, W. 

Hurst, Dr. A. I\Iacgregor. 

1886. Birmingham Sir G. Campbell, K.C.S.L, G. W. Bloxam, Dr. J. G. Garson, W. 

M.r., D.C.L,, E\R.G.S. Hurst, Dr. R, Saundby. 

1887. Manchester Prof. A. H. Sayce, M.A Q. W. Bloxam, Dr. J. G. Garson, Dr. 

A. M. Paterson. 

1888. Bath Lieut. -General Pitt-Rivers,;G. W. Bloxam, Dr. J. G. Garson, J. 

D.C.L., EMl.S. Harris Stone, 

1889. Newcastle- Prof. Sir W. Turner, M.B.,; G. W. Bloxam, Dr. J. G. Garson, Dr. 

upon-Tync LL.D., EMl.S. i R. Morison, Dr. R. Howden. 

1890. Leeds Dr. J. Evans, Treas. R.S.,'G. AV. Bloxam, Dr. C. M. Chadwick, 

E\S.A,, F.L.S., E\G.S. i Dr. J. G. Garson. 

1891. Cardiff !Prof. F. Max Muller, M.A. ...!G. W. Bloxam, Prof. R. Howden, H. 

’ T.ing Roth. E. Seward. 

1892. Edinburgh iProf. A. Macalister, M.A.„.G. W. Bloxam, Dr. D. Hepburn, Prof, 

* M.D., F.R.S. I R. Howden, H. Ling Roth. 

1893. Nottingham Dr. R. Mimro, M.A., EAR.S.E.lG. W, Bloxam, Rev. T, W. Davies, 

j Prof. R. Howden, ¥. B. Jevons, 

i i J. L. Myres. 

1894. Oxford iBir W. H. Flower, K.C.B., : H. Balfour, Dr. J. G. Garson, H. Ling 

! F.R.S. Roth. 

1895. Ipswich ... Prof. W. M. Flinders Petrie, J, L. Myres, Rev. J. J. Raven, H. 

D.C.L. Ling Roth. 

1896. Liverpool... Arthur J. Evans, E\S. A Prof. A. C. Haddon, J. L. Myres, 

Prof. A. M. Paterson. 

1897. Toronto Sir W. Turner, E\R.S A. E\ Chamberlain, H. 0. Forbes, 

Prof. A. C. Haddon, J. L. Myres. 


Date and Place 

1887. Manchester 

1888. Bath 

1889. Newcastle- 

upon-Tyne 

1890. Leeds 

1891. Cardiff 

1892. Edinburgh 

1893. Nottingham 

1894. Oxford i 

1895. Ipswich ...! 

i 

1896. Liverpool... I 
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, Date and Place 

Presidents 

Secretaries 

1898. Bristol 

E. W. Brabrook, C.B 

H. Balfour, J. L. Myres, G. Parker. 

1899. Dover 

0. H. Read, F.S.A. 

H. Balfour, W. H. East, Prof. A. C. 
Haddon, J. L. Myres. 

1900. Bradford ... 

Prof. John Rhys, M.A 

Rev. E. Armitage, H. Balfour, W, 
Crooke, J. L. Myres. 

1901. Glasgow ... 

Prof. D. J. Cunningham, 
F.R.S. 

W. Crooke, Prof. A. F. Dixon, J. F. 
Gemmill, J. L. Myres. 


SECTION I.— PHYSIOLOGY (including Experimental 
Pathology and Experimental Psychology). 


1894. Oxford iProf. E. A. Schafer, F.R.S..'Prof. F. Gotch, Dr. J. S. Haldane, 

M.R.G.S. i M. S. Pembrey. 

1896. T-V-r-’ W. H. Gaskell, F.R.S. I Prof. R. Boyce, Prof. C.S.Sherruigton. 

1897. Michael Foster, F.R.S. jProf. R. Boyce, Prof. C. S. Sherriog- 

' ton, T>r. L. E. Shore. 

1899. Dover I J. N. Langley, F.R.S. Dr. Howclen, Dr. L. E. Shore, Dr. E. 

I : H. Starling, 


1901. Glasgow ... I Prof. J. G. McKendrick W. B. Brodie, W. A. Osborne, Prof. 

I i W. H. Thompson. 


SECTION Iv.-~-BOTANY. 

1895. Ipswich ... W. T. Thiselton-Dyer, F.R.S. A. C. Seward, Prof. IT. B, Weiss. 

1896. Liverpool... Dr. D. H. Scott, F.R.S Prof. Harvey Gibson, A. C. Seward, 

Prof. F. E. Weiss. 

1897. Toronto ... Prof. Marshall Ward, F.R.S. Prof. J. B. Farmer, E. C. Jeffrey, 

A. C. Seward, Prof. F. E. Weiss. 

1898. Bristol Prof. F. 0. Bower, F.R.S. ... A.C Seward, H. Wager, J.W. White. 

1899. Dover Sir George King, F.R.S G. Dowker, A. C. Seward, H. Wager, 

1900. Bradford ... Prof. S. H. Vines, F.R.S A. C. Seward, H. Wager, W. West. 

1901. Glasgow ... Prof. I. B. Balfour, F.R.S. ... G. F. Scott Elliot, D. T. Gwynne- 

Vaiighan, A. C. Seward, H. Wagei*. 

SECTION L.— EDUCATIONAL SCIENCE. 

1901. Glasgow ... Sir John E. Gorst, F.R.S. ... R. A. Gregory, W. M. Heller, R. Y. 

Howie, C. W. Kimmins, Prof. 
H. L. Withers. 


LIST OF EVENING- DISCOUESES. 


Date and Place 

Lecturer 

1812. Manchester 

Charles Vignoles, F.R.S 


Sir M. L Brunei 

B. I. Murchison 

1848. Cork 

Prof. Owen, M.D., F.E.S 

Prof. E. Forbes, F.B.S 


Dr. Robinson 

1844. York 

Charles Lyell, F.R.S 

Dr. Falconer, F.R.S 

1845. Cambridge 

G.B.Airy,F.R,S.,Astron.Boyal 


Subject of Discourse 


The Principles and Construction of 
Atmospheric Railways. 

The Thames Tunnel. 

The Geology of Russia. 

The Dinornis of New Zealand. 

The Distribution of Animal Life in 
the .^gean Sea. 

The Earl of Rosse’s Teleiscope. 
Geology of North America. 

The Gigantic Tortoise of the Siwalik 
Hills in India. 

Progress of Terrestrial Magnetism. 



LIST 07 ETmiNa DISCOmEtSES. 
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Date and Place Lecturer Subject of Discourse 

1846. Cambridge R. I. Murchison, F.R.S Geology of Russia. 

1846. Southamp- Prof. Owen, M.D., F.R.S. ... Fossil Mammalia of the British Isles. 

ton. Charles Lyell, F.R.S Valley and Delta of the Mississippi. 

W. R. Grove, F.R.S Properties of the Explosive Substance 

discovered by Dr. Schonbcin; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

1847. Oxford Rev. Prof. B. Powell, F.R.S. Shooting Stars. 

Prof. M. Faraday, F.R.S Magnetic and Diamagnetic Pheno- 

mena. 

Hugh E. Strickland, F.G.S.... The Dodo (^Didus incptus). 


1848. Swansea ... John Percy, M.D., F.R.S Metallurgical Operations of Swansea 

and its Neighbourhood. 

W. Carpenter, M.D., F.R.S.... Recent Microscopical Discoveries. 

1849. Birmingham Dr. Faraday, F.R.S Mr. Gassiot’s Battery. 

Rev. Prof. Willis, M.A., F.R.S. Transit of different Weights with 

varying Velocities on Railways. 

1850. Edinburgh, Prof. J. H. Bennett, M.D., Passage of the Blood through the 

F.R.S.E. minute vessels of Animals in con- 

nection with Nutrition. 

Dr. Mantell, F.R.S Extinct Birds of New Zealand. 

1861. Ipswich ... Prof. R. Owen, M.D., F.R.S. Distinction between Plants and 

Animals, and their changes of 
Form. 

G.B.Airy, F.R.S., Astron. Royal Total Solar Eclipse of Julj" 28, 1851. 

1862. Belfast Prof. G. G. Stokes, D.C.L., Recent Discoveries in the properties 

F.R.S. of Light. 

Colonel Portlock, R.E,, F.R.S. Recent Discovery of Rock-salt at 

Carrickfergus, and geological and 
practical considerations connected 
with it. 

1863. Hull Prof. J. Phillips, LL.D.,F.R.S., Some peculiar Phenomena in the 

F.G.S. Geology and Physical Geography 

of Yorkshire. 

Robert Hunt, F.R.S The present state of Photography. 

1854. Liverpool... Prof. R. Owen, M.D., F.R.S. Anthropomoqihous Apes. 

Col, E. Sabine, V.P.R.S. Progress of Researches in Terrestrial 

Magnetism. 

1865. Glasgow ... Dr. W. B. Carpenter, F.R.S. Characters of Species. 

Lieut.-Col. H. Rawlinson ... xlssyrian and Babylonian Antiquities 

and Ethnology. 

1866. Cheltenham Col. Sir H. Rawlinson Recent Discoveries in Ass>Tia and 

Babylonia, with the results of 
Cuneiform Research up to the 
present time. 

W. R. Grove, F.R.S Correlation of Physical Forces. 

1867. Dublin Prof. W. Thomson, F.R.S. ... The Atlantic Telegraph. 

Rev. Dr. Livingstone, D.C.L. Recent Discoveries in Africa. 

1858. Leeds Prof. J. Phillips, LL.D., F.R.S. The Ironstones of Yorkshire. 

Prof. R. Owen, M.D., F.R.S. The Fossil Mammalia of Australia. 

1859. Aberdeen... Sir R. 1. Murchison, D.C.L... . Geology of the Northern Highlands. 

Rev. Dr. Robinson, F.R.S. ... Electrical Discharges in highly 

rarefied Media. 

1860. Oxford Rev. Prof. Walker, F.R.S, ... Physical Constitution of the Sun. 

Captain Sheraxd Osborn. R.N. Arctic Discovery. 

1861. Manchester Prof. W. A. Miller, M.A., F.R.S. Spectrum Analysis. 

G. B. Airy, F.R.S., Astron. The late Eclipse of the Sun. 

Royal. 

1862. Cambridge Prof. Tyndall, LL.D., F.R.S. The Forms and Action of Water. 

Prof. Odling, F.R.S Organic Chemistry. 
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Date and place 

1863. Newcastle 

1864. Bath 

1865. Birmingham 

1866. Nottingham 

1867. Dundee 

1868. Norwich ... 

1869. Exeter 

1870. Liverpool... 

1871. Edinburgh 

1872. Brighton ... 

1873. Bradford ... 

1874. Belfast 

Iv875. Bristol 

1876. Glasgow ... 

1877. Plymouth ... 

1878. Dublin 

1879. Sheffield ... 

1880. Swansea ... 

1881. York 


Lecturer 


Prof. Williamson, F.R.S 


I James Glaisher, P.K.S 

Prof. Roscoe, F.R.S 

Dr. Livingstone, F.R.S 

J. Beete Jukes, F.R.S 


William Huggins, F.R.S 

Dr. J. D. Hooker, F.R.S....... 

Archibald Geikie, F.R.S.. 

Alexander Herschel, F.R.A.S. 

J. Fergusson, F.R.S 

Dr. W. Odling, F.R.S 

Prof. J. Phillips, LL.D., F.R.S. 
J. Norman Lockyer, F.R.S. .. 

Prof. J. Tyndall,LL.D.,F.R.S. 

Prof .V/. J. Macquorn Rankine, 
LL.D., F.R.S. 

F. A. Abel, F.R.S ; 

E. B. Tylor, F.R.S I 

Prof. P. Martin Duncan, M.B., ! 
F.R.S. 

Prof. W. K. Clifford 

Prof. W. C.Williamson, F.R.S. 
Prof. Clerk Maxwell, F.R.S. 
Sir John Lubbock, Bart., M.P., 
F.R.S. 

Prof. Huxley, F.R.S 

W.Spottiswoode, LL.D., F.R.S. ; 

F. J. Bramwell, F.R.S i 

Prof. Tail, F.R.S.E | 

SirWyville Thomson, P.R.S. } 
W. Warington Smyth, M.A,,! 

F R S 

Prof. Oiing, F.R.S 

G. J. Romanes, F.L.S 

Prof. Dewar, F.R.S I 

i W. Crookes, F.R.S ...! 

i Prof. E. Ray Lankestcr, F.R.S. f 
Prof.W.Boyd Dawkins, F.R.S. 

Francis Galton, F.R.S 

Prof. Huxley, Sec. R.S 

W. Spottiswoode, Pres, R.S.... 


Subject of Discourse 


The Chemistry of the Galvanic Bat- 
tery considered in relation to 
Dynamics. 

The Balloon Ascents made for the 
British Association. 

The Chemical Action of Light. 

Recent Travels in Africa. 

Probabilities as to the position and 
extent of the Coal-measures be- 
neat.h the red rocks of the Mid- 
land Counties. 

The results of Spectrum Analysis 
applied to Heavenly Bodies. 

Insular Floras. 

The Geological Origin of the present 
Scenery of Scotland. 

The present state of Knowledge re- 
garding Meteors and Meteorites. 

Arclueology of the early Buddhist 
Monuments. 

Reverse Chemical Actions. 

Vesuvius. 

The Physical Constitution of the 
Stars and Nebnhe. 

The Scientific Use of the Imagina- 
tion. 

Stream-lines and Waves, in connec- 
tion with Naval Architecture. 

Some Recent Investigations and Ap- 
plications of Explosive Agents. 

The Relation of Primitive to Modern 
Civilisation. 

Insect Metamorphosis. 

The Aims and Instruments of Scien- 
tific Thought. 

Coal and Coal Plants. 

Molecules. 

Common Wild Flowers considered 
in relation to Insects. 

The Hypothesis that Animals are 
Automata, and its History. 

The Colours of Polarised Light, 

Railway Safety Appliances. 

Force. 

The ‘ Challenger ’ Expedition. 

Physical Phenomena connected with 
the Mines of Cornwall and Devon, 

The New Element, Gallium. 

Animal Intelligence. 

Dissociation, or Modem Ideas of 
Chemical Action. 

Radiant Matter. 

D- . ! . a*’ ■ . 

P:- . 

Mental Imagery. 

The Rise and Progress of Palaeon- 
tology. 

The Electric Discharge, its Forms 
and its Functions. 
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Date and Place Lecturer Subject of Discourse 

1882. Southamp- Prof. Sir Wm. Thomsen, F.R.S. Tides. 

ton. Prof. H. N. Moseley, F.R.S. Pelagic Life. 

1883. Southport Prof. R. S. Ball, F.ll.S Recent Researches on the Distance 

of the Sun. 

Prof. J. G. McKendrick Galvanic and Animal JSlectricity. 

1881. Montreal... Prof. 0. J. Lodge, D.Sc Dust. 

Rev. W. H. Dallinger, F.R.S. The Modem Microscope in Re- 
searches on the Least and Lowest 
Forms of Life. 

1885. Aberdeen... Prof. W. G. Adams, F.R.S. ... The Electric Light and Atmospheric 

Absorption. 

John Murray, F.R.S.B The Great Ocean Basins. 

188G. Birmingham A. W. Kiicker, M.A., F.R.S. Soap Bubbles. 

Prof. W. Rutherford, M.D. ...IThe Sense of Hearing. 

1887. Manchester Prof. H. B. Dixon, F.R.S. ...IThe Rate of Explosions in Gases. 

Col. Sir F. de Winton Explorations in Central Africa. 

1888. Bath Prof. W. E. Ayrton, F.R.S jThe Electrical Transmission ol 

Power. 

Prof. T. G. Bonney, D.Sc., The Foundation Stones of the Earth’s 
F.R.S. Crust. 

1889. Eevvcnstlc- Prof. W. C. Roberts- Austen, The Hardening and Tempering of 

upon-Tyiic F.R.S. Steel. 

I Walter Gardiner, M.A How Plants maintain themselves in 

* I the Struggle for Existence. 

1890. Leeds E. B. Poulton, M.A., F.R.S....! Mimicry. 

Prof. C. Vernon Boys, F.R.S. | Quartz Fibres and their Applications. 

1891. Cardiff Prof.L. C. Miall,F.L.S.,F.G.S.j Some Difi-culties in the Life of 

. I Aquatic Insects. 

1 Prof. A.W. Rucker, M.A. , F.R.S. Electrical Stress. 

1892. Edinburgh | Prof. A. M Marshall, F.R.S. | Pedigrees. 

I Prof. J. A. Ewing, M.A. , F.R.S.' Magnetic Induction. 

1893. Nottingham j Prof. A. Smithells. B.Sc. Flame. 

j Prof. Victor Horsley, F.R.S.' The Discovery of the Physiology of 
I the Nervous System. 

IHtM. Oxford jj. W. Gregory, D.Sc., F.G.S. Experiences and Prospects of 

; ! African Exploration. 

' Prof, J. Shield Nicholson, M.A. Historical Progress and Ideal So- 
cialism. 

1895. Ipswich .. Prof. S. P. Thompson, F.R.S. Magnetism in Rotation. 

iProf. Percy F. Frankland, The Work of Pirsteur and its various 
F.R.S. Development wS. 

1895. Liverpool... , Dr. F. Elgar, F.R.S Safely in Ships. 

iProf. Flinders Petrie, D.C.L. Man before VV'^riting. 

1897. Toronto ... j Prof. Roberts Austen, F.R.S. ! Canadas Metals. 

j J. Milne, F.R.S ' Earthquakes and Volcanoes. 

1898. Bristol I Prof. W. J. Sollas, F.R.S. ..'Funafuti: the Study of a Coral 

j Island. 


1899. Dover 


Herbert Jackson Phosphorescence. 

Prof. Charles Richet La vibration nerveusc. 

Prof. J. Fleming, F.R.S The Centenary of the Electric 

Current. 


1900. Bradford ... Prof. P. Gotch, F.R.S Animal Electricity. 

Prof. W. Stroud Range Finders. 

1901. Glasgow ... Prof. W. Ramsay, F.R.S 'The Inert Constituents of the 

J Atmosphere. 

F. Darwin, F.R.S ! The Movements of Plants. 
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LECTURES TO THE OPERATIVE CLASSES. 


Date and Place Lecturer Subject of Diicoureo 


1867. Dundee Prof. J. Tyndall, LL.D.,F.R.S. Matter and Force. 

1868. Norwich ... Prof. Huxley, LL.D., F.R.S. A Piece of Chalk. 

1869. Exeter Prof. Miller, M.D., F.R.S. ... The modes of detecting the Com- 

' position of the Sun and other 

Heavenly Bodies by the Spectnun. 

1870. Liverpool... Sir John Lubbock, Bart., F.R.S. Savages. 

1872. Brighton ... W.Spottiswoode,LL.D.,ir.R.S. Sunshine, Sea, and Sky. 

1873. Bradford ... 0. W. Siemens, D.C.L., F.R.S. Fuel. 

1871. Belfast Prof. Odling, F.R.S The Discovery of Oxygen. 

1875. Bristol Dr. W. B. Carpenter, F.R.S. A Piece of Limestone. 

1876. Glasgow ... Commander Cameron, G.B.... A Journey through Africa. 

1877. Plymouth... W. H. Precce Telegraphy and the Telephone. 

1879. Sheffield ... W. E. Ayrton Electricity as a Motive Power. 

1880. Swansea ... H. Seebohm, F.Z.S The North-East Passage. 

1881. York Prof. Osborne Reynolds, Raindrops, Hailstones, and SnQW- 

F.R.S. Hakes. 

1882. Sonthamp- John Evans, D.C.L.,Treas.R.S.| Unwritten History, and bow to 

ton. 1 read it. 

1883. Southp^r. Sir F. J. Bramwell, F.R.S. ...’Talking by Electricity— Telephones. 

1884. Montreal ... Prof. R. S. Ball, F.R.S ; Comets. 

1885. Aberdeen... H. B. Dixon, M.A The Nature of Explosions. 

1886. Birmingham P^of. W. C. Roberts-Austen,, The Colours of Metals and their 

F.R.S. Alloys. 

1887. Manchester Prof. G. Forbes, F.R.S .Electric Lighting. 

1888. Bath Sir John Lubbock, Bart., F.R.S. The Customs of Savage Races. 

1889. Newcastle- B. Baker, M.Inst.C.E The Forth Bridge. 

. upon-Tyne 

1890. Leeds Prof. J. Perry, D Sc., F.R.S. Spinning Tops. 

1891. Cardiff Prof. S. P. Thompson, F.R.S. Electricity in Mining. 

1892. Edinburgh Prof. C. Vernon Boys, F.R.S. Electric Spark Photographs. 

1893. Nottingham Prof. Vivian B. Lewes Spontaneous Combustion. 

1894. Oxford Prof. W. J. Sollas, F.R.S. ... fleologie.s and Deluges. 

1895. Ipswich ... Dr. A. H. Fison Colour. 

1896. Liverpool... ; Prof. J. A. Fleming, F.R.S.... The Earth a Great Magnet. 

1897. Toronto ... Dr. H. O. P’orbc.s New Guinea. 

1898. Bristol Prof. E. B. Poulton, F.R S. The ways in which Animals Warn 

their enemies and Signal to their 
friends. 

1900. Bradford ... Prof. S. P. Thompson, F.R.S. Electricity in the Industries, 

1901. Glasgow ... H. J. Mackinder, M.A The Movements of Men by Land 

- and Sea. 
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OFFICERS OF SECTIONAL COMMITTEES PRESENT AT 
THE GLASGOW MEETING. 

SECTION A. — MATHEMATICAL AND PHYSICAL SCIENCE. 

President, — Major P. A. MaoMahon, P.R.S., F.R.A.S. 

Vice-Presidents, — Prof. A. Gray, LL.D., F.ll.S. ; Prof. A. G. Greenhill, 
F.R.S. ; E. H. Griffiths, M.A., F.R.S. ; Prof. W. Jack, LL.D. ; 
Lord Kelvin, F.R.S. ; Joseph Larmor, D.Sc., F.R.S. ; Prof. G. 
Mittag-Leffler, For. Mein. R.S. ; Prof. G. Quincke, For. Mem. R.S. ; 
Prof. H. H. Turner, F.R.S. 

Secretaries, — H, S. Carslaw, M.A., D.Sc. ; C. H. Lees, D.Sc. {Recorder ) ; 
W. Stewart, M.A., D.Sc. ; Prof. L. R. Wilberforce, M.A. 

SECTION B. — CHEMISTRY. 

President, — Prof. Percy F. Frankland, F.R.S. 

Vice-Presidents, — Dr. E. Divers, F.R.S. ; Prof. J. Fergusson, LL.D., 
F.R.S.E. . Prof. W. H. Perkin, F.R.S. ; Prof. James Walker, F.R.S. ; 
Dr. T. E. Thorpe, F.R.S. ; Dr. W. A. Tilden, F.R.S. ; Prof. A. 
Michael ; Prof. E. W. Morley. 

Secretaries. — Dr. W. C. Anderson, M.A. ; Dr. G. G. Henderson, M.A. ; 
Prof. W. J. Pope ; Dr. T. K. Rose {Recorder), 

SECTION C.— GEOLOGY. 

President. --:5o\\n Horne, F.R.S., F.R.S.E., F.G.S. 

Vice-Presidents, — Prof. Lapworth, F.R.S. ; Prof. A. F. Renard, LL.D. ; 
B. N. Peach, F.R.S. ; Prof. W. J. Hollas, M.A., F.R.S. ; Prof. John 
Young, M.D. 

Secretaries, — Herbert L. Bowman, M.A, ; H. W. Monckton {Recorder), 

SECTION D. — ZOOLOGY. 

President. — Prof. J. Cossar Ewart, M.D., F.R.S. 

Vice-Presidents, — Prof. T, W. Bridge ; Prof. W. A. Herdman, P.R.S. ; 
Prof. G. B. Howes, F.R.S. ; Prof. W. C. M‘Intosh, F.R.S, ; Prof. 
M. Laurie, D.Sc. ; Prof. L. C. Miall, F.R.S. ; R. H. Traquair, 
LL.D., F.R.S. ; Canon Tristram, F.R.S. 

Secretaries, — J. Graham Kerr, M.A. {Reco7*der) ; James Rankin, M.B,, 
B.Sc. ; J. Y. Simpson, D.Sc. 

SECTION E. — GEOGRAPHY. 

President,-~-Dv, H. R. Mill, F.R.S.E., F.R.G.S. 

Vice-Presidents, — J. Scott Keltic, LL.D. ; H. J. Mackinder, M.A. ; E. G. 

Ravenstein ; Rev. Prof. George Adam Smith, D.D. 

Secretaries, — H. N. Dickson, B.Sc., F.R.S.E., F.R.G.S. {Recorder) ; 
Edward Heawood, M.A., F.R.G.S.; G. Sandeman ; A. Crosby 
Turner. 
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SECTION E.^ECONOMIC SCIENCE \ND STATISTICS. 

PreMent, — Sir Robert Giffen, K.C.B., F.R.S. 

Vice-Presidents, — J. Bonar, LL.B. ; Rev. W. Cunningham, I).D., LL.D. ; 
Major P. G. Craigie, V.P.S.S. ; L. L. Price, M.A. ; Prof. W. Smart, 
LL.D. 

Secretaries. — W. W. Blackie, B.Sc. ; A. L. Bowley, M.A. ; E. Caiman, 
LL.D. {Recorder) ; Prof. S- J. Chapman, M.A. 

SECTION G. — ENGINEERING. 

President. — Colonel R. E. Crompton, M.Inst.C.E. 

Vice-Presidents. — Prof. Archibald Barr, D.Sc., M.Inst.C.E. ] Prof, T. 
Hudson Bear©, F.R.S.E., M.Inst.C.E. ; Sir Alexander R. Binnie, 
M.Inst.C.E., E.G.S. ; Robert Caird, LL.D. ; H. Graham Harris, 
M.Inst.C.E. 

Secretaries. — Harry Bamford, M.Sc. ; Prof. W. E. Dalby, M.A. ; W. A. 
Price, M.A. {Recorder). 

SECTION H. — ANTHROPOLOGY. 

President. — Prof. D. J. Cunningham, M.D., D.Sc., F.R.S. 

Vice-Presidents. — H. Balfour, M.A. ; Prof. J. Cleland, M.D., F.R.S. 
Secretaries. — W. Crooke ; J. F. Gemmill, M.A., M.D. ; Prof. A. F. 
Dixon, Sc.D. ; J. L. My res, M.A., F.S.A. {Recorder). 

SECTION I. — PHYSIOLOGY. 

President. — Prof. J. G. M‘Kendrick, M.D., LL.D., F.R.S, 
Vice-Pre^dents.-^-^Toi. A. E. Schafer, F.R.S. ; Prof. C. S. Sherrington, 
M.D., F.R.S. ; Sir M. Foster, K.C.B., M.P., Scc.R.S. ; Sir J. 
Burdon Sanderson, Bart., F.R.S. ; Prof. F. Gotch, F.R.S. 

Secretaries. — W. B. Brodie, M.B. ; W. A. Osborne, D.Sc. ; Prof. W. H. 
Thompson, M.D. (Recorder). 

SECTION K. — BOTANY. 

President. — Prof. I. Bay ley Balfour, F.R.S. 

Vice-Presidents. — Prof. F. O. Bower, F.R.S. ; F. Darwin, F.R.S. ; Dr. 
D. H. Scott, F.R.S. ; Prof. J. W. H. Trail, F.R.S. ; Prof. Marshall 
Ward, F.R.S. 

Secretaries. — A. C. Seward, F.R.S. (Recorder) ; Prof. G. F. Scott Elliot \ 
D. T. Gwynne- Vaughan ; Harold Wager. 

SECTION L. — EDUCATIONAL SCIENCE. 

President. — The Right Hon. Sir John E. Gorst, K.C., M.P., F.R.S. 
Vice-Presidents. — Prof. H. E. Armstrong, F.R.S. ; Dr. J. H. Gladstone, 
F.R.S. 5 Prof. L. C. Miall, F.R.S, j Prof. John Perry, F.R.S. j 
The Very Rev. Principal Story, D.D. ; Sir John ISTeilson Cuthbortson! 
LL.D., D.L. ; Sir Philip Magnus. 

Secretaries. — Prof. B. A. Gregory ; W. M. Heller, B.Sc. ; Robert Y. 
Howie, M.A. ; Dr. C. W, Kimmins ; Prof. H. L. Withers, M.A. 
(Becorder). 



COMMITTEE Ot EECOMMENDATIONS. 


Ixxix 


COMMITTEE OF RECOMMENDATIONS. 

The President ; the Vice-Presidents of the Meeting ; the Presidents of 
former years ; the Trustees ; the General and Assistant General 
Secretaries ; the General Treasurer. 

The Presidents of the Sections. 

Prof. A. R. Forsyth ; Prof. SchiLster ; Prof. H. H. Turner; Dr. Thorpe ; 
Prof. Harold Dixon ; W. Whitaker ; G. W. I.,iirs] h'..'l! ; Prof. Miall ; 
W. E. Hoyle; Dr. J. Scott Keltie ; E. W. ; E, Cannan ; 

Sir W. H. Preece ; Prof. T. H. Beare ; H. Balfour ; J. L. Myres ; 
Prof. F. Gotch ; Prof. Way mouth Reid ; Prof. F. O. Bower ; Prof. 
Marshall AVard ; Prof. H. E. Armstrong ; Dr. C. W. Kimmins ; 
F. W. Rudler. 
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HBPOBT— 1901 


Pr. 

00-1901. 


THE GENEEAL TBEASUEER’S ACCOUNT, 

RECEIPTS. 


•C f. d. 

Balance brought forward 71J1 G 5 

Life Compositions (including Transfers) 267 0 0 

New Annual Members’ Subscriptions 110 0 0 

Annual Subscriptions 667 0 0 

Sale of Associates’ Tickets 791 0 0 

Sale of Ladies’ Tickets 481 0 0 

Sale of Publications 147 2 6 

Sale of Consols 999 8 0 

Dividend on Consols 190 9 2 

Dividend on India 3 per Cents 102 12 0 

Interest on Deposit at Bradford District Bank 37 6 11 

I’nexpended Balance of Grant returned by Coiiainittce on 
Electrolytic Quantitative Analysis 3 8 4 


/ 


£920 17 9 


InvegtmmU, 

£ <• 

Consols 6501 10 6 

India 3 per Cents 3600 0 0 

£10,101 10 6 


G. Oawy Foster, General Trecmrer, 




GENERAL TREASURER'S ACCOUNT, 


Ixxxi 


from July 2, 1900, to June 29, 1901. 


Or. 


1900-1901. 


EXPENDITURE. 

Expenses of Bradford Meeting, including Printing, Adver- 
tising, Payment of Clerks, &c. &c 

Rent and Office Expenses 


£ 

131 

56 


Salaries 515 

Printing, Binding, &c 1096 


1 4 
7 8 
0 0 
7 9 


Payment of Grants made at Bradford : 


£ ». d. 

lillcctricul Standards 45 0 o 

Heisinoloffical Obsorratioiia 75 0 (i 

Wave-length I’ables 4 II b 

Isomorphous Sulplionic Derivatives of Bcu/ene IIS o 0 

Life-zones in British (''arboniferons Rocks lii) b b 

Underground \Vnter of North-west Yorksliire 5b b b 

Exploration ot liisli Caves 15 U 0 

Talile at ' . ■- 1 - • . Y ■ ' 100 0 0 

Table at* ■“ ■. I ■ ■ ■ . . I ■..♦Tiumth 120 0 0 

Index (lenemin ot Siiecieriim Aiiimaliiun 76 0 0 

^Migration of Ihrds lb 0 b 

Terrestrial Surface Waves 5 0 0 

( 'haiiges of Land-level 111 the Pldegnean Fields 5b 0 0 

Legi^lali<■|| Women’s Tjabour 16 b 0 

Small >ci,>\v tiU’igc 46 b 0 

Jlesistauco of Road Vehicles to Traction 75 b b 

Silchester Excavation lb 0 0 

Ethnological Survey o£ Canada 30 b 0 

\ .china 5 0 0 

I ■ • • 115 0 0 

Physiological Effects of Peptone 30 0 o 

Chemistry of Bone Marrow 5 15 11 

Suprarenal Capsules in the Rabbit 5 0 b 

Fertilisation in Pliwophycea) 15 b b 

. T.\ • ‘ P * 52b b b 

I . - .1 15 b u 


~ 920 9 11 


In hands of General Treasurer : 

At Bank of England, Western Branch £357 5 8 

Cheques not presented 211 11 4 

. Uo 1 i 4 

On Deposit at Bradford District Bank 1532 3 1 

Cash 6 1.3 8 

1684 11 } 


£4403 17 9 


I have examined the above Account with the books and vouchers of the Associa- 
tion, and certify the same to be correct. I have also verified the balance at tho 
Bankers*, and have ascertained that the Investments are registered in the names 
of the Trustees. 


Approved — 

E. W. Brabbook, 
Horace T. Brown, 


W. B. Keen, Chartered Acc<nintant, 
. 3 Church Court, Old Jewry, 

■ Jitditors. Jnly 26, 1901. 


E.C 


1901, 


e 
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BEPOET— 1901 


Table elutwing the Attendance and £eeeipte 


Date of Meeting Whore held 


OMLifo New Life 
Meiulwrs Memhors 


1831, Sept. 27 

1832, June 10... 

1833, June 26 ... 

1881, Sept. 8 

1835, Aug. 10 ... 

1836, Aug. 22 .... 

1837, Sept. 11 .. 

1838, Aug. 10 ... . 

1839, Aug. 36 .. 
18lO,tVpt. 17 . . 

1841, July 20 ... 

1842, June 23 . 

1843, Aug. 17 ... . 

1844, Sept. 26 

1845, June 19 . 

1846, Sept. 10 . 

1847, June 23 ... 

1818, Aug. 9 

1849, Sept. 12 

1850, July 21 .... 

1861, .Tilly 2 .... 

1862, Sept. 1 . 

1863, Sept. 3 

1864, Sept. 20 ... . 
1866, Sept. 12 .. 
1856, Ang. 6 

imi7 . 

185'j| Sept. 14 .... 

1860, June 27 . ... 

1861, Sept. 4 . . 

1862, Oot, I . . . 

1863, Anir. 26 
IS64, ^^p•■ I.l . 
186.6, Sept. 6 ... 

1866, Aug. 22 

1867, Sept. 4 ... 

1868, Aug. 19 ... 

1869, Aug. 18 ... 

1870, Sept. 14. . 

1871, Aug. 2 

1872, Aug. 14 ... 

1873, Sept. 17... . 

1874, Aug. 19 ... 
1«76. \n" P'i ... 
IS76, S'li.ii .. 
1877, Aug. 16 

1Q7Q^ Ai^r, 14 

\ » ." 
I-- . \ . 

!■«-. ■■ . ... 
|hsO. 

I-'M, .Nil. iu 

1884, Aug. 27 .. 

1885, Sept. 9 

1886, Sept. 1 .... 

1887, Aug. 31 

1888, Sept. 5 ... 

1 889, Sept. 11. . . 

1890, Si*pt. 3 . 

1891, Aug. 19.... 

1892, Aug. 3 . 

1893, Sept. 13. . , 

1894, Aug. 8 ... , 

1895, Sept. 11 

1896, Sept. 16 

1897, Ang. 18 . 

1898, Sept. 7 

1899, Sept. 13 .... 

1900, Sept. 6 ... 

1901, Sept. 11 


York 

Oxford . 

Cambridge 

Edinburgh 

Dublin 

Bilstol 

Liverpool 
Nowcastle-on-T)nie 
Birmingham . 


Manehester 

Cork 

York 


Oxford . .. 

Swnnse.'i 

Birmingham 


HeitftHt 

Hull . . . . 

Liverpool 

(ila'igow 

Ohclteaham 

Dublin 

Leeds 

Aberdeen 

Oxford 

Manchester 

rii'iiiit. igo . 

Ni ' . 

Batii 

JJirmingham , ... 
Nottingham 

Dundee .. 

Norwich 

Exeter 

Liverpool 

Edinburgh . ...... 

Brighton 

Bradford 

Belfast 

Bristol ,. . 

Olasgow 


DuoiiJi 
Shcftleia ... 
Swansea 
York . 
Southampton 
Southpoit 
Monti Ced . . 
Aberdeen 
Birmingham 
Manchester ,. 

s . . .1 ■ ■ I 
Leeds .. . 
Cardiff 
Kdhiburgh 
Nottingliam 
Oxford . ... 
Jpswich 
Tilverpool .... 

Toronto 

Bristol 

Dover 

Brailford 

Olasgow 


.i The Kail Eitz william, D.C.L.. F.B.S.I 

; Thollev.W.Bueklaud, K'.RS I 

I The" ' .= ' ■ D.S. 

SlrT ■! ! . , , E.R.S. 1 

.1 ThcBev.Provo)«rt L]oyd,LL.D., P.B.S. i 
< The Marquis of Lunsdowiie, F,B.S. . 1 
I The Karl of Burlington, ILll S. 

‘ The Duke of Northumbeilainl, F 11.S. , 

. I Tlie Bov. W. Vorni ui 1 iaroourt, F.ll S 
The Marquis of Breadalbauo, V.JI.S. 
The Jicv. W. IVliewell, F.K.S. 

.. Tlie Lord Francis Egertou, F.O B 
.. Tlie hlarl of Bosso, P.R.R. 

. The llev. 0. Veaeoek. D.D , F H.S 
Sir John P. W. Jlerachel, Bait., F.B S. 
SirRiiderick LMurchison,Bart.,P.Tl S 
. - . ■ B.S. 

, 'rps..n S 

. Tlie [lev. T. 11. Iloblusoii, D.D. F.11.S. 

. Sir David Brewster, K.H., F ILS. . 
(L B. Airy, Astronomer Royal, F.R.S. 
Lieut.-Geiieral Sabine, P.K.S. ,. . 

. William Kopkins, F.R.S 

.. The hlarl of Karrowbv, F.R.S. 

. The Duke of Argyll, F.R.S. . .. 

Trot. C. “ 7 
. The Rev ■ * 

. Richard Owen, M.D., D.O.L. , F.U.S... . 
H.BJT. The Prince Coiifsort 
The Lord Wrottedey, M.A., F.R.S. 

. Wjlliiim Fairbairn, LL.D., F.R.S 

The Bcv. Professor Willw,M.A.,K.R.S. 
SirWilliam ■ > ' - - " h. 

Sir Charles ■ , V j 

. Prof. J. Phillips, Sr.A., LL.I)., F.R.S. 
William R. Drove, Q F.K H 
The DuKeof Bucclench, K.C.B., F.R.S. , 

Dr. Joseph 1). Hooker, P.ILS 

. Proi. (L IK Stokes, D.O.L., F R S. . 
Prof. T. FT. Huxley, LL.D., F.K S. . 
Prof. Sir W. Thomson, I,L.D., F.R.S 
. Dr. W. B. Cariwnti-r, F.R.S. 

... Prof. A. W. Williain^n, F.R.S. 

Prof. J. Tyndall, LL.D., F.11.S. . 

Sir John Hawkshaw, F.R.S 

Prof. T. Andrews, M i) , F R.S. 

Prof. A . Thomson, ij . D., F U.S. . . 
W. Spott.iswoode, M A., F.B S. 

Prof. <K J. Allman, M.IK, F R.S. 

. A. r. Barney, LL.D., F.R.S. 

.. Sir John Lubbock, Bait., F.II.S, . 

Dr. C. W. Siemens P.R S. 

... l»rof, A. (’avley, D.C L., F.R.S. 

J’rof, Lonl Jlayleigli, F.R S. . .. 

I SirTi>oii Playfair K O.B., F11.S. .. 
j Sir J. W. Dawson, O.M.d., F.R.S. 

... Sir U. E. Roscoe, D.O.L., F.II.S. ... 

Sir F. J. Bramwell, F.R.9 

Vrol. W. H. Flower, ( '.B., P.R.S. 

. Sir V. A. Abel, C.B., F H.S. . . 

Dr. W. Huggins, F.R.8. 

SirA.«eikie,LLJl.,F.RS. 

Prof. J. S. Bunion Sanderson, F.R.S. 
The Marquis of Salisbury, Iv.lK, F.R.S. 

. Sir " ■ ■ K.0.I3., F.R.S. 

. . Sir -rt., J’res, R.S. 

Sir John JBi'ans, K,0.B., P.R.S. 

Sir W. Crookes, F.R.S 

.... Sir Michael Foster, K.O.B., Scc.R.S. 

... Sir William Tamer, D.O. L., F.B.S. 

... Prof. A. W. HUcker, D.Sc., Sec.R.S. 


Mil! 

— 

r 1 

169 

6.4 

303 

169 

JOi) 

?8 

226 

150 

313 

36 

241 

10 

314 

18 

149 

3 

227 

12 

235 

9 

172 

8 

164 

1(1 

141 

13 

238 

23 

194 

33 

183 

14 

2.16 

15 

222 

42 

184 

27 

280 

21 

32L 

113 

239 

15 

203 

30 

287 

40 

292 

44 

207 

31 

167 

25 

196 

18 

204 

21 

314 

.30 

246 

28 

215 

30 

212 

27 

162 

1 13 

239 

1 36 

221 

I 3.4 

173 1 


201 ' 

1 18 

184 

16 

144 

11 

272 

28 

178 

17 

203 

CO 

335 

20 

225 

18 

314 

?5 

428 

86 

266 

30 

277 

20 

259 

31 

189 

24 

280 

14 

201 

17 

327 

21 

214 

13 

330 

31 

120 

8 

281 

19 

206 

20 

367 

13 

310 

37 


* Jiadies were not admitted by purchased tickets until 1843. f Tickets of Admission to Sections only 



ATTENDANCE AND REOEtWS AT ANNUAL MEETINGS* Ixxxiii 


at Annual Meetings of the Association, 


Old 

Annual 

Members 

New 

Annual 

Slembera 

Asso- 

ciates 

Ladies 

Foreigners 

Total 

Amount 
received 
during tlie 
Meeting 

Grants 
ifor Scientific 
1 Purposes 

j Year 

j 



— 



3.53 


_ 




1 1831 

— 

— 

— 

— 

— 

— 


~ 


! 


, 1832 

— 

— 

— 

— 

— 

900 


— 





1833 


_ 

— 

— 

— 

1298 


— 


£20 

0 

0 

1834 


— 


— 


1350 

— 


167 

0 

0 

1835 

— 

*— 

— 

— 



— 


435 

0 

0 

1836 

— 

— 

■ — 

— 

— 

1840 


— 


923 

13 

6 

18.37 

— 

— 

— 

1100* 

— 

2400 


— 


933 

3 

2 

1838 

— 

— 

— 


34 

1438 


— 


1696 

11 

0 

1839 

— 

— 

— 

— 

40 

1363 



1546 

16 

4 

1840 

4G 

317 

33t 

00* 

— 

801 



1235 

10 

11 

1841 

75 

376 

331* 

28 

1.315 


— 


1449 

17 

8 

1842 

71 

186 

— 

160 



— 


— 


1565 

10 

2 

1843 

45 

190 

Of 

260 

— 

— 


— 


981 

12 

8 

1844 

94 

22 

407 

172 

35 

1079 

— 


■ 831 

9 

9 

1845 

65 

39 

270 

196 

36 

867 


~ 


685 

16 

0 

1846 

l97 

40 

495 

203 

63 

1320 


— 


208 

6 

4 

1847 

54 

25 

376 

197 

15 

819 

£707 

0 

0 

275 

1 

8 

1848 

9;i 

33 

447 

237 

22 

1071 

983 

0 

0 

159 

19 

6 

1849 

128 

42 

510 

273 

44 

1241 

1085 

0 

0 

345 

18 

0 

1860 

61 

47 

244 

141 

37 

710 

620 

0 

0 

391 

9 

7 

1851 

65 

60 

610 

292 

9 

1108 

1085 

0 

0 

304 

6 

7 

1852 

56 

67 

367 

236 

6 

870 

903 

0 

0 

205 

0 

0 

1853 

l2l 

121 

765 

624 

10 

1802 

1882 

0 

0 

380 

19 

7 

1854 

143 

101 

1094 

643 

26 

2133 

2311 

0 

0 

480 

16 

4 

1856 

104 

48 

412 

346 

9 

1115 

1098 

0 

0 

734 

13 

9 

18,56 

166 

120 

900 

569 

26 

2022 

2015 

0 

0 

607 

15 

4 

1857 

111 

91 

710 

609 

13 

1698 

1931 

0 

0 

618 

18 

2 

1858 

125 

179 

1206 

821 

22 

2564 

2782 

0 

0 

684 

11 

1 

1859 

177 

59 

636 

463 

47 

1680 

1604 

0 

0 


19 

6 

I860 

184 

126 

1589 

791 

16 

3138 

3944 

0 

0 

nil 

5 

10 

1861 

160 

57 

433 

242 

25 

1161 

1089 

0 

0 

1293 

16 

6 

1862 

154 

209 

1704 

1004 

26 

3335 

3640 

0 

0 

1008 

3 

10 

1863 

182 

103 

1119 

! 1068 

13 

2802 

2965 

0 

0 

1289 

15 

8 

1864 

215 

149 

766 

608 

23 

1997 

2227 

0 

0 

1691 

7 

10 

[ 1865 

218 

105 

960 

771 

11 

2303 

2409 

0 

0 

1760 

13 

4 

1 1866 

193 

118 

1163 

771 

7 

2444 

2613 

0 

0 

1730 

4 

0 

1867 

226 

117 

720 

682 

45t 

2004 

2042 

0 

0 

1940 

0 

0 

! 1868 

229 

107 

678 

COO 

17 

1856 

1931 

0 

0 

1622 

0 

0 

1BG9 

303 

196 

1103 

910 

14 

2878 

3096 

0 

0 

1673 

0 

0 i 

1870 

311 

127 

976 

754 

21 

2463 

2575 

0 

0 

1472 

2 


1871 

280 

80 

937 

912 

43 

2633 

2649 

0 

0 

1285 

0 

0 1 

1872 

2.57 

99 

796 

601 

11 

1983 

2120 

0 

0 

1685 

0 

0 i 

' 1873 

232 

85 

817 

630 

12 

1951 

1979 

0 

0 

1161 

16 

0 

1871 

307 

93 

884 

672 

17 

2248 

2.307 

0 

0 

900 

0 

0 

1875 

331 

185 

1265 

712 

25 

2774 

3023 

0 

0 

1093 

4 

2 

1870 

238 

59 

446 

283 

11 

1229 

12C8 

0 

0 

1128 

9 

7 

1 1877 

290 

93 

1285 

674 

17 

2678 

2616 

0 

0 

725 

16 

6 

1878 

239 

74 

629 

349 

13 

1404 

1425 

0 

0 

1080 

11 

11 

1879 

171 

41 

389 

147 

12 

916 

899 

0 

0 

731 

7 

7 

1880 

313 

176 

1230 

6t4 

24 

2657 

2689 

0 

0 

476 

8 

1 

1881 

253 

79 

516 

189 

21 

1253 

1286 

0 

0 

1126 

1 

11 

1882 

3.30 

323 

952 

841 

6 

2714 

3369 

0 

0 

1083 

;> 

3 ' 

1883 

317 

219 

826 

74 

26&60H.5 

1777 

1865 

0 

0 

, 1173 

4 

0 

1884 

332 

122 

1063 

447 

6 

2203 

2366 

0 

0 

1385 

0 

0 

1885 

428 

179 

1067 

429 

11 

2463 

2532 

0 

0 

995 

0 

6 

1886 

510 

244 

1986 

493 

92 

3838 

4336 

0 

0 

1186 

18 

0 

1887 

399 

100 

6.39 

609 

12 

1984 

2107 

0 

0 

1511 

0 

6 

1888 

412 

113 

1024 

679 

21 

2437 

2441 

0 

0 

1417 

0 

11 

1889 

368 

92 

680 

334 

12 

1775 

1778 

0 

0 

789 

16 

8 

1890 

341 

162 

672 

107 

35 

1497 

1664 

0 

0 

1029 

10 

0 

1891 

413 

141 

783 

439 

60 

2070 

2007 

0 

0 

864 

JO 

0 

1892 

328 

67 

77,1 

268 

17 

1661 

1653 

0 

0 

907 

16 

6 

1893 

436 

69 

941 

451 

77 

2821 

2175 

0 

0 

683 

15 

6 

1894 

290 

31 

493 

261 

22 

1324 

1236 

0 

0 

077 

15 

6 

1895 

383 

139 

1884 

873 

41 

3181 

3228 

0 

0 

not 

6 

I 

1896 

286 

126 

683 

100 

41 

1362 

1898 

0 

0 

1069 

10 

8 

1897 

327 

96 

1051 

630 

33 

2446 

2399 

0 

0 

1212 

0 

0 

1898 

324 

68 

548 

120 

27 

1403 

1328 

0 

0 

1430 

14 

2 

1899 

297 

46 

801 

482 

8 

1915 

1801 

0 

0 

1072 

10 

0 

, 1900 

374 

131 

794 

246 

20 

1912 

2046 

0 

0 

946 

0 

0 

j 1901 


+ Including Ladies, § Fellows of tlie American Association were admitted as Hon. Members for this Meeting, 
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OFFICERS AND COUNCIL, 1901-1902, 


PRESIDENT. 

PnoFfiSf^oR ARTHUR W. RUCKER, M.A., LL.D„ D.Sc., Seo,R.S. 


VICE-PRESIDENTS. 


Tlie Riglit Hon. the Earl of Glasgow, G.C.M.G. 
The Right Hon. the Lord Blythswood., LL.D., 
B.L. 

The Right Hon. the Lord Kelvin, G.C.V.O., 
D.O.L., LL.U., P.R.S. 

Samurl Chisholm, Esq., the Hon, the Lord 

Yerj : i!-- ■ Story,. D.P., LL I)., the 

Principal of the University of Glasgow. 
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Report of the Council for the Year 1900-1901, presented to the General 
Committee at Glasgotv on Wednesday, September 11, 1901. 

In |)!\ their Annual Report the Council have, in the hrst place, 

to inform the General Committee that they resolved that an Address 
should be presented to the King on liis accession to tha Throne, and that 
the following Address was presented by the President on behalf of the 
Council : — 


To THE Kino’s Most Excellent Majesty. 

May it please Your Majesty, 

We, the President and Council of the British Association for the 
Advancement of Science, most respectfully desire to be permitted to 
express to Your Majesty our deepest svmpailiy in the great loss which 
Your Majesty and the Empire have sustained by the death of Her 
Gracious Majesty Queen Victoria. 

The Bi'itish Association will always bear in grateful remembrance 
the fact that your illustrious Father, His Royal Highness the Prince 
Consort, to whose scientific knowledge and guidance the Nation owes so 
much, was pleased to accept the office of President for the Meeting held 
at Aberdeen in 1859. His Royal Highness then, as in so many other 
ways, revealed his appreciation of the importance of the advancement of 
science which has exerted so beneficial an influence throughout Her 
Majesty’s glorious reign. 

We confidently and fervently hope that the progress of science will 
continue during the reign of Your Majesty to promote the prosperity of 
your people throughout the Empire. 

We beg leave to be permitted to ofier to Your Majesty the humble 
expression of our sincere congratulation and loyal homage and devotion 
on your succession to the throne of your Ancestors. 

Signed on behalf of the Council, 

Wm. Turner, President, 

To this Address the following gracious reply has been received : — 

Home Office, Whitehall, 
March 11, 1901. 

Sir, — I am commanded by the King to convey to you His thanks 
for the Loyal expressions of sympathy and devotion which have been 
addressed to him by the President and Council of the British Associa- 
tion. 

His Majesty is further deeply gratified by the tribute paid to the 
memory and the influence of His Royal Highness the Prince Consort ; 



IXSCXVl 


SBPORT--^10Ol. 


ana tie fully shares in the hope that the advancement of science, which 
has been so great a glory of Her Majesty’s reign, may be continued 
throughout His own. 

I am, Sir, your obedient Servant, 

CiiAs. T. Ritchie. 

The President of the British Association for the Advancement 
of Science, Burlington House, W. 


The Council have heard with much regret of the death of Dr. Andrew 
Stewart, one of the Vice-Fresidents-elect for the Glasgow meeting, and 
the founder of the Adam Smith Chair in the University. 

The following reply from the India Office regarding the suggestion 
made by the Council, that opportunity should be taken to collect Ethno- 
graphical information by means of the Indian Census of 1901, has been 
received : — 


India Office, Whitehall, London, S.W., 
December IJjOO. 

Sitt, — With reference to your letter of December 189D and my reply No. II. and S. 
3539, of the Kith January, 1900, I am directed to inform you that the Secretary of 
State for India in Coucoil baa now received the remarks of the Government of 
India on the suggestion of the British A8.sociation for the Advancement of Science, 
that opportunity should be taken to collect ethnographical information by means of 
the Indian Census of 1901. *■ 

2. The Government of India entirely agree with the Secretary of State’s recogni- 
tion of the importance of the investigations which the Association suggested, but 
find themselves constrained to say that it is impossible (except to the limited extent 
indicated in paragraph 4 of this letter) to make these investigations by means of, or 
in connection with, the Census. They consider that the addition to the Census 
Schedule of Columns relating to even a small number of ethnographic facts would 
expand it to unwieldy dimensions ; the enumerating agency is wholly unfitted to 
conduct such an inquiry, and the facts recorded by it would be worthless ; and they 
apprehend that there would be grave risk, not only that the accuracy of the entries 
in the essential columns would be impaired by the additional burden imposed on 
the enumerators, but also that the unusual nature of the questions asked would give 
rise to rumours and excite apprehensions which would seriously interfere with the 
ordinary operations of the Census. 

.3. The Government of India also deem it impracticable to carry out the sug- 
gestion that photographers should be placed at the disposal of the Census officers, 
as this, besides being very expensive, would hinder the officers’ proper duties, and 
would delay the submission of the reports, which it is desired to complete as soon 
as possible. 

4. With the view, however, of taking action, as far as may be practicable, in the 
direction of collecting ethnographical information, the Census Commissioner has 
instructed the Census Superintendents to endeavour, in the districts which they visit, 
to obtain, from the mosc trustworthy sources, particulars under uniform headings 
regarding the history, structure, traditions, and religious and social usages of the 
various tribes and castes. The Commissioner considers that nothing beyond this 
can be undertaken in connection with the Census operations, and the Government of 
India accept hia opinion ; but they have considered the question how far it is pos- 
sible and advisable apart from the Census to encourage and assist ethnographic in- 
vestigations in India, and have submitted scheme by which it is hoped that in the 
course of a few years a fairly comiDlete account of the ethnography of the larger 
provinces may be obtained. 

This scheme has received Lord George Hamilton’s approval. 

I am, Sir, your obedient Servant, 

(Signed) A. Godwst. 

Sir Michael Foster, K.C.B,, F.R.8., Burlington House, Plocadilly, W. 
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The Council have nominated Professor John Cleland, F.Il.S., Vice- 
President for the Meeting at Glasgow. 

The Council have elected the following men of science, who have 
attended Meetings of the Association, to be Corresponding Members : — 

Professor T. C. Chamberlin, Chicago. I Professor Philipp Lenard, Kiel. 

Dr. Yves Delage, Paris. I Professor A. Penck, Vienna. 

Professor W. G. Farlow, Harvard. | Gen. -Major Rykatohew, St. Petersburg. 

Professor A. P.N. Franchimoiit, Leiden, i 

The Council, having received an invitation to appoint Delegates to 
attend the Ninth Jubilee Celebrations of the University of Glasgow on 
June 12, 13, and 14, requested the President and the General Secretaries 
to represent the Association at the Celebrations, and to present the 
following Address to the University ; — 

We, the President and Council of the British Association for the 
Advancement of Science, offer our cordial congratulations to the Univer- 
sity of Glasgow on the ocicasion of the celebration of the four hundred 
and fiftieth anniversary of the founding of the University. 

The British Association has since its birth in 1831 been brought from 
time to time into close relations witli the University of Glasgow. It has 
on three occasions held highly successful meetings within your City, and 
is looking forward with pleasurable anticipation to a fourth meeting in 
the autumn of the present year. The success of Uiese gatherings has 
been largely due to the earnest co-opt»ration of the able men of science 
who have filled and adorned the Chairs in the University, three of whom 
at meetings in other Cities have occupied the Presidential Chair of the 
Association itself. 

Tn presenting our congratulations we would at the same time express 
the hope that the University may continue to prosper and to extend in 
influence and usefulness. The efforts which you are making to add to 
the Professoriate, to obtain now buildings and appliances for the continued 
development of your teaching and for the cin ■•urr,:rMiir-i,t of research, 
show tliat you mean to retain a foremost place amidst the U niversities of 
the United Kingdom. 

Signed on behalf of the Council, 

William Turneh, President. 

The Council were invited to appoint Delegates to attend the British 
Congress on Tuberculosis, which was held on J uly 22-26, in London. 

The Council requested Lord Lister and Sir Michael Foster to represent 
the Association at the Congress. 

The following resolutions referred to the Council by the General 
Committee have been considered and acted upon : — 

(1) That in connection with the Resolution relating to the admission of women 
to Committees, as well as on general grounds, the Council is requested to reconsider 
the present mode of electing members of Sectional Committees. 

The Council appointed a Committee, consisting of Sir P. J . Bramwell, 
Professor H. E. Armstrong, Mr. E. H. Griffiths, Mr. A. V. Harcourt 
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Mr, G. W. Tjamplugh, Professor W. A. Tilden, and the General Officers, 
to report on this Resolution. 

In accordance with the recommendation of the Committee, the Council 
recommend that the present practice of electing members of Sectional 
Committees be continued subject to the following modification : — 

‘ That any Member of the Association who has intimated the inten- 
tion of attending a particular Meeting of the Association, and who has 
already served upon a Committee of a Section, shall bo eligible for 
election as a Member of the Committee of that Section at its first 
meeting.’ 

(2) That the Council be requested to consider the appointment of a separate 
Section for education. 

The Council considered this proposal, and resolved that a Section of 
Educational Science be established, to be entitled Section L, but that the 
Section shall not necessarily meet each year. 

The following resolution, which was passed at the Conference of 
Delegates at Bradford, and accidentally not forwarded to the Committee 
of Recommendations, was brought before the Council and considered : — 

That the proposed Copyright Bill, so far as it affects the copyright of Scientific 
Societies in their transactions, and the publication of abstracts of Scientific papers, 
be referred to the General Committee ; and that they be requested to take such 
action as will protect Scientific Societies. 

The Council authorised the General Officers to co-operate with other 
Societies in regard to the question of copyright if a Bill is again brought 
before Parliament. 

The Report of the Corresponding Societies Committee for the past 
year, consisting of the list of the Corresponding Societies and the titles 
of the more important papers, and especially those referring to Local 
Scientific published by those Societies during the year 

ending June 1, 1901, has been received. 

The Corresponding Societies Committee, consisting of Mr. Francis 
Galton, Mr. W. Whitaker {Chairman)^ Dr. J. G. Garson, Sir J. Evans, Mr. 
J. Hopkinson, Professor R. Meldola, Professor T. G. Bonney, Mr. T. V. 
Holmes, Mr. Horace T. Brown, Rev. J. O. Bevan, Professor W. "W. 
Watts, Rev. T. R. R. Stebbing, Mr. C. H. Read, and Mr. F. W. Rudler, 
is hereby nominated for reappointment by the General Committee. 

The Council nominate Mr. F. W. Rudler, Chairman, Mr. W. Whitaker, 
F.R.S., Vice-Chairman, and Dr. J. G. Garson and Mr. Alexander Somer- 
ville, Secretaries, to the Conference of Delegates of Corresponding Societies 
to be held during the Meeting at Glasgow. 

The Council have received Reports from the General Treasurer during 
the past year, and his accounts from July 1, 1900, to June 30, 1901, 
which have been audited, are presented to the General Committee. 

In accordance with the regulations the retiring Members of the 
Council will be : — 


Mr. Francis Darwin. 

Dr. W. H. Gaskell. 

Professor L. F.‘ Vernon Harcourt. 


Professor E. B. Poulton. 
Professor J. M. Thomson. 
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The Council recommend the re-election of the other ordinary Members 
of the Council, with the addition of the gentlemen whose names are dis- 
tinguished by an asterisk in the following list : — 

Armstrong, Professor H. E., F.R.S. Lodge, Professor Oliver, F.R.S. 

Bonar, J., Esq., LL.D. *Macalister, Professor A., F.R.S. 

Bower, Professor B\ O., B\R.S. MacMahon, Major P. A., F'.R.S. 

Callendar, Professor H. L., B\R.S. Marr, J. E., Esq., F.R.S. 

Creak, Captain E. W., R.N., F.R.S. *Perkin, Professor W. H., B\R,S. 

Darwin, Major L., Sec. R.G.S. *Perry, Professor John, F.R.S. 

B^emantlo, The Hon. Sir C. W., K.C.B. Preece, Sir W. H., K.C.B., F.R.S. 

♦Gotch, Professor F., F.R.S. Price, L. L., Esq., M.A. 

Halliburton, Profe.ssor W. D., II\R.S. *Seward, A. C., Esq., F.R.S. 

Keltie, J. Scott, Esq., LL.D. Sollas, Professor W. J., F.R.S. 

Lankester, Professor E, Ray, F.R.S. Tilden, Professor W. A., F.R.S. 

Lockyer, Sir J. Norman, K.C.B., Tylor, Professor E. B., F.R.S. 

F.R.S. Wolfe-Barry, Sir John, K.C.B., F.R.S. 
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Committees appointed by the General Committee 
Glasgow Meeting in September 1901. 


1. Receiving Grants of Money. 


Subject for Investigation or Purpose 


Making Experiments for improv- 
ing the Constrnction of Practical 
Standards for use in Electrical 
Measurements. 

[And balance in hand.] 


Members of the Committee 


Seismological Observations. 


To co-operate with the Royal 
Meteorological Society in ini- 
tiating an Investigation of the 
Tipper Atmosphere by means 
of Kites. 

To co-operate with the Committee 
of the Falmouth Observatory 
in their Magnetic Observations. 


Chairman . — Lord P . ’ ' 
Secretary. — iMr. U i • 

Lord Kelvin, Professors W. E. 
Ayrton, J. Perry, \V. G. Adams, 
Oliver J. Lodge, and G. 
Carey Foster, Dr. A. jMuiiliead, 
Sir W. II. i*reocc, J'rol*(‘s- 
sors J. D. Everett and A. 
Schuster, Dr. J. A. Fleming, 
Professor J. J. Thomson, Mr. 
W. N. Shaw, Dr. J. T. Bot- 
tomley, Rev. T. C. Fitzpatrick, 
Dr. G. Johnsttme Stoney, Pro- 
fessor S. J\ Thomi)son, ^Ir. J. 
Rennie, Mr. E. H Grillitlis, 
I Professors A. W. Rucker, 11. \j, 

i Callendar, and Sir W. C. 

I Roberts-Austen, and Mr. G. 

j Matthey. 

j Chairman. — Prof. J. W. Judd, 
j Secretary . — Professor J. Milne. 

I Lord Kelvin, Professor T. (L 
I Bonney, Mr. C. V. Boys, Pro- 

! ic.ssor G. n. Darwin, Mr. 

Horace Darwin, Major 1j. Dar- 
win, Professor J. A. Ewing, 
Dr. K. T. Glazebroolv, Professor 
0. G. Knott, Professor R. 
IMeldola, Mr. R. D. Oldham, 
Professor J. Perry, Mr. W. E. 
Plummer, Professor J. H. 
Poynting, Mr. Clement Reid, 
Mr. Nelson Richardson, and 
Professor II. H. Turner. 

Chairmcm.—MT. W. N. Shaw. 
Secretary. —Mr. W. H. Dines. 

Mr. D. Archibald, Mr. C’. Ver- 
non Boys, Dr. A. Buchan, and 
Dr. H. R. Mill. 

Chairman . — Sir W. H. Preece. 
Secretary.— Dr. R. T. Glazebrook. 
Professor W. G. Adams, Captain 
Creak, Mr. W. Fox, Professor 
A. Schuster, and Principal 
Rucker. 


AT THE 


Grants 


X ,v. d 

10 0 0 


; 5 0 0 1 


! 7 :> 0 0 ; 


so 0 0 



committees appointed by the general committee. 

1. Receiving Grants of Money — continued. 


Subject for Investigation or Purpose 


The relation between the Absorp- 
tion Spectra and Chemical Con- 
stitution of Organic Substances. 


Preparing a new Scries of Wave- 
length Tables of the Spectra 
of the Elements. 


The action f»f Gases dissolved in 
Metals and Alloys on their 
Properties. 


The Collection, Preservation, and 
Systematic Registration of 
Photographs of Geological In- 
terest. 


To study Life-zones in the Rritish 
C’urboniferous Rocks, 


The movements of Underground 
Waters of North-west York- 
shire. 

[Balance in hand.] 


Members of the Committee 


Chairman and Secretary. — Pro- ' 
lessor W. Noel Hartley. 

Professor F. R. Japp, Professor J. J. 
Dobbie, and Mr. Alexander 
Lauder. 

Chairman . — Sir H. E. Roscoe. 
Secretamj. — Dr. Marshall Watts. 

Sir J. N. Lockyer, Professors J. 
Dewar, G. D. Liveing, A. Schus- 
ter, W. N. Hartley, and Wol- 
cott Gibbs, and Sir W. dc W. 
Abney. 

Chairman . — Sir Wm. C. Roberts- ! 

Austen . i 

Secrefary.--\>T. T. K, Rose. 

Mr. W. Garrick- Anderson, Pro- 
fessor H. B. Dixon, Mr. C. T. 
Heycock, Mr F. H. Neville, 
and Professor W. Ramsay. 

Chairman . — Professor J. Geikie. 

Sec retar If. - ~ Prof essor W . W . Wa 1 1 s . 
Profe.ssor T. U. Bonney, Dr. T. An- 
der.son, Professor E. J. Gar- 
wood, and Messrs. A. S. Reid, 
W. Gray, H. B. Woodward, R. 
Kidston, J. J. H. Tcall, J. G. 
Gofxlchild, H. Coates, G. V. 
Crook, G. Bingley,and U.Welch. 


('hnirman. — Mr. J. E. Marr. 
Secretary. — Dr. Whoelton Hind. 
Mr. F. A. Bather, Mr. G, Crick, 
Mr. A. H. Foord, ^Ir. H. Fox, 
Professor E. J. Garwood, Dr. 
G. J. Hinde, Professor Percy F. 
Kendall, Mr. Robert Kid- 
ston, Mr. G. W. Lamplugh, 
Professor G. A. Lobour, Mr. 
B. N. Peach, ^Ir. A. Strahan, 
and Dr. H. Woodward. 


Cha irman. - Prof essorW . W. W atts. 
Secretary . — Captain A. R. Dwerry- 
liouse. 

Professor A. Sinithells, Rev. E. 
Jones, Mr. Walter Morrison, 
Sir. G. Bray, Mr. W. Lower 
Carter, Mi*. W. Fairley, Pro- 
fessor P. F. Kendall, and Mr. 
J. E. Marr. 


xci 


Grants 

£ a. d. 
20 0 0 

o 0 0 

! 

i 

1 

40 0 0 i 

5 0 0 

i 

I 

j 

i 

10 0 0 
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1. Receiving Grants of Money — continued. 


Subject for Investigation or Purpose 


To explore Irish Caves. 
[Collections to be placed in tlie 
Science and Art Museum, Dub- 
lin.] 


To consider the best Methods for 
the Registration of all Type 
Specimens of Fossils in the 
British Isles, and to report on 
the same. 

[Balance in hand.] 

To enable Mr. R. Gurney to work 
at Excretion in Crustacea, Mr. 
Wallace to investigate Vivi- 
parous Fishes, and to aid other 
competent investigator, to carry 
on definite pieces of work at the 
Zoological Station at Naples. 

To enable Mr. R. C. Punnet t to 
continue his investigations on 
the pelvic plexus of Elasmo- 
branch fishes, and to enable 
other competent naturalists to 
perform definite pieces of work 
at the Marine Laboratory, 
Plymouth. 

[Balance, 8^. 55., in hand.] 

Oompilqition of an Index Generum 
et Specierum Animaliura. 


To work out the details of the 
Observations on the Migration 
of Birds at Lighthouses and 
Lightships, 1880-87. 

To investigate the structure, for- 
mation, and growth of the Coral 
Reefs of the Indian Region, 
with special observations on the 
inter-relationship of the reef 
organisms, the depths at which 
they grow, the food of corals, 
effects of currents and character 

■ of the ocean bottom, &c. The 
land} flora and fauna will be 
collected, and it is intended 
that observations shall be made 
on the manners, &c., of the 
natives in the different parts 
of the Maidive group. 


Members of the Committee 


Chairman, — Dr. R, F. Scharff. j 

Secretary. — Mr, R. Lloyd Praeger. j 

Mr. G. Coffey, Professor Grenville | 
Colo, Dr. Cunningham, Mr. G. | 
W. Lamplugh, Mr. A. McHenry, ; 
and Mr R. J. Ussher. 

Chairman. — Dr. H. Woodward. 

Secretary. — Mr. A. Smith Wood- 
ward. 

Rev.G. F. Whidborne, Mr. R. Kid- 
ston, Professor H. G. Seeley, Mr. 
U. Woods, and Rev. J. F. Blake. 

Chairman. — Professor W. A. ' 
Uerdman. ! 

Semtary. — ProfessorG.B. Howes, j 

Professor E. Ray Lankester, Pro- ' 
fessor W. F. R. Weldon, Pro- j 
fessor S. J. Hickson, Mr, A. i 
Sedgwick, and Professor W. C. 
McIntosh. ' 

Chairman. — Mr. W. Garstang. 

Secretary. — Mr. W. Garstang. 

Professor E. Kay . Lankester, 
Professor Sydney H. Vines, Mr. ^ 
A. Sedgwick, and Professor W. , 
F. R. W’eldon. 


Chairman. — Dr. H. Woodward. ' 

Secretary. — Mr. F. A. Bather. | 

Dr. P. jj. Sclater, Rev. T. R. R. j 
Stebbing, ilr. 11. McLachlan, j 
and Mr. W. E. Hoyle. 

Chairman . — Professor A. Newton. 
Secretary. — Rev. E. P. Knubley. 
Mr. John A. Harvie- Brown, Mr. 

R. M. Barrington, Mr. A. H. 
Evans, and Dr. H. O. Forbes. 

Chairman. — Mr. A. Sedgwick. 
Secretary .—Z . Graham Kerr. 
Professor J. W. Judd, Mr. J. J. 
Lister, Mr. Francis Darwin. Dr. 

S. F. Harmer, Profe.ssors A. 
Macalister,W. A. Herdman, and 
S. J. Hickson. 


Grants 


£ s. <1. 
45 0 0 


100 0 0 


100 0 0 


16 0 0 


50 0 0 



COMMITTEES APPOINTED BY THE GENERAL COMMITTEE. 


1. Receiving Grants of HI oney — continued. 


Subject for Investigation or Purpose 


To enable Mr. James Rankin to in- j 
vestigate Compound Ascidians ; 
of the Clyde area, and to en- * 
able other competent natural- 
ists to perforin definite re- i 
searches in the Laboratory of 
the Marine Biological Asso- ; 
ciation of the West of Scotland ; 
at Millport. I 


Terrestrial Surface-waves and : 
Wave-like Surfaces. 


I The Economic Effect of Legisla- { 
tion regulating Women's Labour. 


To consider means by which better ' 
])i-actical effect can be givcui to ' 

; the Introduction of the Screw | 
1 (range proposed by the Associa- . 
] lion in 1884. j 


To investigate the resistance of 
Road Vehicles to Traction. 


To co-operate with the Silchester 
Excavation Fund Committee in 
their explorations. 


Members of the Committee 


Chairman . — Sir John Murray. 
Secretary. — Dr. J. F. Gemmill. 
Professor F. 0. Bower, Professor 
Cossar Ewart, Professor W. A. 
Hcrdman, Professor M. Laurie, 
Mr. Alex. Somerville, and Mr. 
J. A. Todd. 


Ch/iirman. — Dr. Scott Keltic. 
Si'cretary . — Colonel F. Bailey. 

Mr. Vaughan Cornish, Mr. A. R. 
Hunt, and Mr. W. H. Wheeler, 


Chairman. — Mr. E. W. Brabrook, 
Serrefary. — Mr. A. L. Bowley. 
Miss A. M. Anderson, Mr. C. Booth, 
Mr. S. J. Chapman, Miss C. 
E. Collet, Professor Edgiuvorth,, 
Professor Flux, Mrs. J. R. Mac- 
Donald, Mr. L. L. Price, Pro- 
fessor Smart, .and Mrs. H. J. 
Tennant, 


Chair7?iafi.~^\v W. II. Prccce. 
Seerctai'y. — Mr. W. A. Price. j 
Lord Kelvin, Sir F. J. Bramwell, j 
Sir 11. Trueman Wood, Maj.- ; 
Gen. Webber, Mr. R. E. Cromp- I 
ton, Mr. A. Stroh, Mr. A. Le i 
Neve Foster, Mr. C. J. Hewitt, j 
Mr. G. K, B. Elphinstone, Col. , 
Watkin, Mr. E. Rigg, Mr. Vernon * 
Boys, Mr. J. Marshall Gorham, 
Mr. O. P. Clements, Mr. W. 
Taylor, and Dr. R. T. Glaze- 
brook. 


Chairman.— Sir Alexander Bimiic. 
Secretary . — Professor H, S. Hole 
Shaw. 

Mr. Aitken, Mr. T. C. Aveling, 
Professor T. Hudson Beare, 
Mr. W. W. Beaumont, Mr. J. 
Brown, Col. R, E. Crompton, Mr. 
A. Mallock, Sir D. Salomans, Mr. 
A. Sennett, Mr. Shrapnell Smith, 
and Mr J. I. Thornycroft. 

Chairman. — Mr. A. J. Evans. 
Secretary. — Mr. John L. Myres. 
Mr. E. W. Brabrook. 


xciii 


Grants 

£ s. d. 
25 0 0 


15 0 0 I 

i 

no 0 0 ' 


20 0 0 I 

I 


I 50 0 0 1 

1 

i 

I 

1 

1 

I 

I 6 0 0 


‘ scow JiJfifUlIT 1 VV I, 


1. Jleceivhig Grants of Money — continued. 


Sulyecfc fot Investigation or Purpose 

Members of the Committee 

Grants 



£ 5. d. 

To organise an Ethnological Sur- 
vey of Canada. 

Chairman. — Professor D. P. Pen- 
hallow. 

Secretary. — Mr. C. Hill-Tout. 

Mr. E. W. Brabrook, Professor 
A. C. Haddon, Mr. E. S. Hart- 
land, Sir J. G. Bourinot, Mr. B. 
Suite, Mr. David Boyle, Mr. 
C. N. Bell, Professor E. B. 
Tylor, Professor J. Mavor, Mr. 
0 . F. Hunter, and Dr. W. F. 
Ganong. 

15 0 0 

} To conduct Explorations with the 
object of ascertaining the age of 
Stone Circles. 

Chairman. — Dr. J. G. Garson. 
Secretary. — Mr. H. Balfour. 

Sir John Evans, Mr. C. H. Read, 
Professor Meldola, Mr. A. J. 
Evans, Dr. R. Munro, Pro- 
fessor Royd-Dawkins, and Mr. 
A. L. Lewis. 

.30 0 0 

The Collectioin Preservation, and 
Systematic Kegistration of Pho- 
tographs of Anthropological 
Interest. 

[Balance in hand,] 

Chairman. — Mr. C. H. Read. 
Secretary. — Mr. J. L. Myres. 

Dr. J. G. Garson, Mr. H. Ling Roth, 
Mr. H. Balfour, Mr. E. S. Hart- 
land, and Professor Flinders 
Petrie. 


The Present State of Anthropo- 
logical Teaching in the United 
Kingdom and Elsewhere. 

Chairman. — Professor E. B. T^-lor.' 
Seeretary. — Mr. H. Ling Roth. 
Professor A. Macalister, Professor 
A. C. Haddon, Mr. C. H. Read, 
Mr. H. Balfour, Mr. F. W. 
Rudler, Dr. R. Munro, and Pro- 
fessor Flinders Petrie. 

3 0 0 

i 

To conduct Explorations at 
Knossos in Crete. 

1 

Chairman. — Sir John Evans. 
Secretamj. — Mr. J. L. Myres. 

Mr. A. j. Evans, Mr. D. G. Ho- 
garth, Professor A. Macalister, 
and Professor W. Ridgeway. 

100 0 0 

To conduct Anthropometric In- 
vestigations among the Native 
Troops of the Egyptian Army. 

Chairman. — Professor A. Mac- 
alister. 

Secretary. — Mr. C. S. Myers. 

Sir John Evans and Professor 
D. J. Cunningham. 

1 

i 15 0 0 

To co-operate with the Cardiff 
Naturalists’ Society in its Ex- ‘ 
cavations on the Homan Site 
, at Gelligaer. 

Chairmwn. — Professor J. Rhys. 
Secretary. — Mr. J. L. Myres. 

Mr. A. J. Evans and Mr* B. W. 
Brabrook. 

5 0 0 

1 



COMMITTEES APPOINTED BY THE GENEKAL COMMITTEE. 


XCV 


1. lUcdving GmnU of Money — continued. 


Subject lor Investigation or Purpose | 

1 

Members of the Committee 

Grants 

To study the power of the Mam- 
malian Heart for performing 
work under varying external 
conditions and under the in- 
fluence of Drugs. 

Chairman. — Professor J. G, 
McKendrick. 

fi '##/■»,. — Mr. T. Grigor Brodie. i 
Professor W. 11. Thompson. ; 

1 

£ s. <1. 

20 0 0 

M'hc changes occurring in Hmmo- 
globin and the supposed de- 
struction of lied Corpuscles in 
the Spleen. 

Chairman. — Professor J. G. 1 
McKendrick. 

SeerHary. — Mr. W. Brodie Brodie. 
Professor Ralph Stockman. | 

o 

c 

Investigation of the Cyano- 
phycoiP. 

Chairman. — Professor J. B. 
Farmer. 

Secretary. — Dr. F. F. Blackman. 
Professor Marshall Ward and Mr. 
W. Gardiner. 

10 0 0 1 

Investigation on the Respiration 
of Plants. 

Chairman. — Professor Marshall 
Ward. 

1 SccTviary. — Mr. H. Wager. 

Mr. Francis Darwin and J^rofossor 
J. J>. Farmer. 

ir> 0 0 

To consider and report upon the 
inlluence exercistMl by Univer- 
sities and Examining Budie.s on 
secondary school curricula, and 
also of the schools on uiiivcrsU}' 
reciuircments. 

1 Chairman. — Dr. II. E. Armstrong. 

1 Mr. W. H. D. Rouse. 

1 The BihliO)) of Hereford, Sir 

1 Michael Foster, Sir P. illagnus, 

J Principal liiicker, Principal 

1 Lodge, Mr. H. W. Eve, Mr. 

1 W. A, Shenstone, Mr. Eggar, 

1 Professor Marshall Ward, Mr. 

F. 11. Neville, .Airs. W. N . Shaw. 
Professor 11. L. Withers, ami 

1 Dr. C. AV. Kiinmins. 

1 

5 0 0 , 

i 

1 

i 

1 

1 

1 

i 

1 

1 

1 

' The conditions of ITcalth essen- 
tial to the carrying on of the 

1 work of instruction in schools. 

j Chairman . — 

' Secretary.’— 'Hlx. E. AVhite AA'allis. 
Dr. C. AA". Kimmins, Professor 
L. C. Miall, I'rofessor H, L. 
Witliers, and I’rofessor Sher- 
rington; and that the Coun(‘il 

1 be authorised to appoint a 

1 Chairman. 

2 0 0 1 

i 

Corresponding Societies Com- 
mittee for the preparation of 
their Report. 

j Chairman. — Mr. AV. W’hitaker. 

1 t$pcretary. — Dr. .LG. Garsori. 
i Mr. Francis Galt on, Professor R. 

Mcldola, Mr. T. V. Holmes, Sir 

1 John Evans, Mr. J. Hopkinson, 
i Professor T. G. Boiiney, Mr. 

Horace T. Brown, Rev. J. 0. 

1 Bevaii, Professor AV. AV. AVatts, 
Rev. T. R. R. Stebbing, Mr. C. 
j H. Read, and Mr. P. W. Rudler. 

15 0 0 
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2 . Not receiving Grants of Money, 


Subject for Investigation or Purpose 

• Iladiation from a Source of Ligiit in a 
Magnetic Field. 


I 

To establish a Meteorological Ob- 
' servatory on Mount Royal, Montreal, 


I 

Co-operating with the Scottish Meteoro- 
! logical Society in making Meteoro- 
; logical Observations on Ben Nevis. 


Comparing and Reducing Magnetic Ob- 
servations. 


The Rate of Increase of Underground 
Temperature downwards in various 
Localities of Dry Land and under 
Water. 


Considering the best Methods of Re- 
cording the Direct Intensity of Solar 
Radiation. 


That Miss Hardcastle be requested to 
draw up a Report on the present 
state of the Theory of Point-Groups. 

The Nature of Alloys. 


Members of the Committee. 


Chairman . — Professor A. Schuster. 
Secretary. — Mr. W. E. Thrift. 

Professor O. J. Lodge, Professor S. P. 
Thompson, Dr. Gerald Molloy, Dr. 
W. E. Adeney, and Mr. E. P. Calver- ! 
i well. ! 

I 

Chairman . — Professor H. L. Callendar. 
Secretary . — Professor C. H. McLeod. 
Professor F. Adams and Mr. R,. Y. i 
Stupart. : 

Chairman . — Lord ^IcLarcn. 1 

Secretary . — Professor Crum Brown. ' 
.Sir John Murray, Dr. A. Buchan, and | 
Professor R. Copeland. 

Chairman . — Professor W. G. Adams. 

r, — Dr. C. Chree. 

Lord Kelvin, Professor G. H. Darwin, 
Profe.ssor G. Chrystal, Professor A. 
Schuster, Captain B. W. Creak, the 
Astronomer Royal, Mr. William Ellis, 
and l^rofessor A. W. Riickcr. 


I Chairman . — Professor ,T. D. Everett. 

I Stcrefary. — Professor J. D. Everett. 

Lor<l Kelvin, Sir Archibald Geikio, Mr. 
James Glaisher, Professor Edward 
Hull, Dr. C. Le Neve Foster, Professor 
A. .S. Ilerschel, Professor G. A. Lebour, 
Mr. A. B. Wynne, Mr. W. Galloway, 
Mr. Joseph Dickinson, Mr. G. F. 
Deacon, Mr. E. Wethered, Mr. A. 
Strahan, Professor Michie Smith, Pro 
I fessor H, L. Callendar, and Mr. B. 11. 
Brough. 

Chairman, — Dr. G. Johnstone Stoney. 

.Ni /v * iry — Professor H. McLeod. 

Sir G. G. Stokes, Professor A. Schuster, 
Sir H. E. Roscoe, Captain Sir W. de 
W. Abney, Dr. C. Chree, Professor 
H. L. Callendar, Mr. W. E. Wilson, 
and Professor A. A. Rambaut. 


Chairman and, Secretary. — Mr. F. H. 
Neville. 

Mr. C. T. Heycock' and Mr. E. H. 
Griffiths, 



Committees appointed by the general committee, scvii 


2. Not receiving OranU of Money — continued. 


Subject for Investigation or Purpose 


Isomeric Naplitlialone Derivatives. 


The Study of Isomorphous Sulphonic 
Derivatives of Benzene. 


To collect Statistics concerning the 
trained chemists employed in Eng- ' 
lish Chemical Industries. * 


To approach the Inland Revenue Com- 
' missLoners to urge the desirability 
1 of securing the use of pure alcohol 
I duty free for the purposes of scion- 
j tific research. 

To investigate the Erratic Blocks of the ! 
British Isles, and to take measui'cs 
for their t)rcservation. | 


1\> report upon the Present Stalti of 
our KiiONN ledge of the Structuie of 
Crystals. 


i The Periodic Investigation of tho | 
j Plankton and Pliysic.^ Conditions of ’ 
' the English Channel. ! 


: To continue the investigation of the | 
! Zoology of the Sandwich Islands, j 
with i)Ower to co-operate with the ! 
Coni'mittce appointed for the purpose 
by the Royal Society, and to avail 
themselves of such assistance in their 
investigations as may be offered by i 
the Hawaiian Government or the 
Trustees of tho Museum at Honolulu. < 
I The Committee to have iDOwerto dis- 
! pose of specimens where advisable. . 

* To promote the Systematic Collection j 
' of Photographic and other Records I 
j of Pedigree Stock. 


Members of the Committee 

CJuiirman, — Professor W. A. Tilden. 

-Professor H. E. Armstrong. 

(JhaiTman . — Professor H. A. Miers. 
Secretary. — Professor H. E. Armstrong. 
Dr. W. P. Wynne and Mr. W. J. Pope. 

Chairman, — Professor W. H. Perkin. 
Secretary. — Dr. G. G. Henderson. 
Professor H. E. Armstrong and Mr. G. T. 
Beilby. 

i 

Chairman, — Sir H. E. Roscoe. 

Secretary. — Professor H. B. Dixon. j 
Sir Michael Foster, Principal Rucker, * 
Dr. T. E. Thorpe, Professor W. H. \ 
Perkin, and Professor W. D. Ilalli- i 
burton. | 

Chairman, — INIr. J. E. Marr. 

Secretary, — Prof. P. F. Kendall. 

Professor T. G. Bonney, Mr. C. E. De 
Ranee, Professor W. J. Sollas, Mr. R. 11. 
Tiddeman, Rev. S. N. Harrison, Mr. 
John Horne, Mr. F. M. Burton, Mr. 1 
.1. Lomas, Mr. A. R. Dwenyhouse, | 
Mr. J. W. Stathcr, Mr. R. D. Tucker, 
and Mr. F. W. Harmer. ( 

I 

Chairman. — Professor N. Slory Maskc- . 

lyne. " | 

Secretary,^ Professor IT. A. liliers. i 

Mr. L. Fletcher, Professor W. J. Sollas, 
.Mr. \V. Barlow, Mr. G. F. II. Smith, 
and the Earl of Berkeley. 

Chairman. — Professor E. Kay Lankoster. 
Secretary. — ^Tr. Walter Garstang. 
Professor W. A. llcrdman and Mr. H. N. 
Dickson. 

Chairman. — Professor A. Newton. 
Secretary. — Dr. David Sharp. 

Dr. W. T. Blanford, Profe.ssor S. J. 
Hickson, Dr. P. L. Sclater, Mr, F. 
Du Cane God man, and Mr. Edgar 
A. Smith. 


Chairman. — Mr. Francis Galton. ! 

Professor W. F. R. Weldon. i 
Professor J. C. Ewart, Professor J. A. ' 
Thomson, and Professor R. Wallace. 
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• REPOKT — 1901. 

2. Kot receiving Grants of 3Ioney — continued. 


Subject for Investigation or Purpose. j 

Members of the Committee 

To examine the Natural History and 
Ethnography of the Malay Peninsula. 

Chairman. — Mr. C. H. Eead. 

Secretary. — Mr. W. Crooke. 

Professor A. Macalister, Professor W. 
Kidgeway, and Dr. H. 0. Forbes. 

The Lake Village at Glastonbury. 

Chairman. — Dr. It. Munro. 

Secretary. — Mr. A. Bulleid. 

Professor W. Boyd Dawkins, bir John 
Evans, Mr. Arthur J. Evans, and Mr. 

C. H. Read. 

To organise a Pigmentation Survey of 
the school children of Scotland. 

Chairman. — Mr. E. W. Braybrook. 
Secretary. — Mr, J. Gray. 

Dr. A. C. lladdon, Professor A. ]\Iacalistcr, 
Professor D. J. Cunningham, Mr, J. F. 
Tocher, and Dr. W. H. 11. Rivers. 

The Physiological Effects of Peptone 
and its Precursors when introduced 
into the circulation. 

Chairman. — Professor E. A. Schafer. 
Secretamj. — Professor \V. H. Thompson. 
Professor R. Boyce and Professor C, S. 
Sherrington. 

The Micro -chemistry of Cells. 

Chairman —Professor E. A. Sebitfer. 
Secretary — Professor A. B. Macalliim. 
I’roiessor S. Ray Lankester, Professor 

W. D. Halliburton, Mr. G. C. Bourne, 
and Prof5.ssor J. J. Mackenzie. 

^fertilisation in Phacophyceai. 

Chairman. — Professor J. B. Fanner. 
Secretary. — Professor R. W. Philli])s. 
Professor F. 0. Bower ,and Professor 
Harvey Gibson. 

To consider and report upon a scheme 
for the registration of negatives of 
Botanical Photographs. 

Chairman. — Profc.ssor L. C. Miall. 

Prof essor F. E. Weiss. 

Mr. Francis Darwin and l^rofessor G. F. 
Scott Elliot. 

The Teaching of Natural Science in 
Elementary Schools. 

Chair man.-^YiT. J. H. Gladstone. 
Secretary. — Professor H. E. Armstrong. 
Lord Avebury, Mr. George Gladstone, 
Professor W. R. Dunstan, Sir Philip 
Magnus, Sir H. E. Roscoe, Dr. Sil- 
vanus P. Thompson, and Professor A. 
Smithells. 

To report upon improvements that 
might be effected in the teaching of 
Mathematics, in the first instance in 
the teaching of Elementary Mathe- 
matics, and upon such means as they 
think likely to effect such improve- 
ments. 

Chairman.— A. R. Forsyth. 
Seeretftry. — Professor J. Perry. 

Principal A. W. Rucker, Principal 0. J. 
Lodge, Major P. Mac Mahon, Professor 
W. H. H. Hudson, Dr. J. Larmor, Pro- 
fessor S. P Thompson, Professors G. 
Ghrystal, 0. Henrici, A. Lodge, A. G. I 
Greenhill, G. M. Minchin, Mr. VV'. D. | 
Eggar, Mr. H. W. Eve, Dr. Glad- ' 
stone, Professor G. Gibson, Professor | 
Robert Russell, and Mr. R. A. Gregory. | 


COMMITTEES APTOlNTEl) BY TttE GENERAL COMMITTEE. Xcix 


Resolution relating to Committee oil Traction oj Vehicles. 

That in accordance with the Rules of the Association the Committee on the 
Resistance of Road Vehicles to Traction be authorised to obtain further subscriptions 
in aid of its work. 

Communications ordered to he irrinted in exteiiso. 

The Clearing of Turbid Solutions, by Professor Georg Quincke. 

The Polarisation of Electric Waves, by Professor Georg Qiiinckc. 

Note sur I’unitS do pressioii, par M. C. E. Guillaume. 

Note on the Variation of the Specilic Heat of Water, by Professor H. L. 
Callendar, F.R.S. 

On the Behaviour of young Gulls artificially and naturally hatched, by Professor 
J. Arthur Thomson. 
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of Grants of Money ajfypropriated to Scientific Purposes by the 
General Committee at the Glasgow Meeting, September, 1901. The 
Names of the Members entitled to call on the General Treasurer 
for the respective Gra'nts are prefixed. 

Mathematics and Physics, 

* Rayleigh, Lord — Electrical Standards 

**^Judd, Professor J. W. — Scismological Observations 

Shaw, Mr. W. K. — Investigation of the Upper Atmosphere 

by means of Kites 

Prcece, Sir W. H. — Magnetic Observations at Falmouth ... 

Chemistry, 

^'Hartley, Professor W. K. — Relation between Absorption 

Spectra and Constitution of Organic Substances 

^Roscoe, Sir H. E. — Wave-length Tables 

Roberts-Austen, Sir Win. C. — Properties of Metals and 
Alloys affected by dissolved Cases 

Geology, 

^*'Ceikie, Professor J. — Photographs of Geological Interest ... 

^Marr, Mr. J. E. — Life-zones in British Carboniferous Rocks 
^ Watts, Professor W. W. — Underground Water of Nortli- 

west Yorkshire (Balance in hand) 

^Scharff, Dr. — Exploration of Irish Caves 

^‘Woodward, Dr, IF. — Type Specimens (Balance in hand) 


Zoology. 

^Herdman, Professor W. A. — Table at the Zoological Station, 

Naples 100 0 0 

*^Carstang, Mr. AV. — Table at the Biological Laboi’atory, 

Plymouth (Balance L'8 Qd. in liand) 

^Woodward, Dr. H. — Index Generum et Specierum Ani- 

maliuni 100 0 0 

Newton, Professor A. — Migration of Birds lo 0 0 

'‘'■Sedg^^ ick, Mr. A.- Structure of Coral Reefs of Indian Region 50 0 0 

Murray, Sir John — Compound Ascidians of the Clyde Area 0 0 


Gfograyhy, 

*Keltie, Dr. J. Scott — Terrestrial Surface Waves 15 0 0 

Economic Science and Statistics, 

^Brabrook, E. W. — Legislation regulating Women’s Labour 30 0 0 


Engineering, 

^Preece, Sir W. H. — Small Screw Gauge 20 0 0 

^Binnie, Sir A. — Resistance of Road Vehicles to Traction ... 50 0 0 

Carried forward jS760 0 0 


5 0 0 
10 0 0 

45 0 0 


20 0 0 
5 0 0 

40 0 0 


£ s. d. 
40 0 0 
35 0 0 

75 0 0 
80 0 0 


Reappointed. 



SYNOPSIS OF GRANTS OF MONEY. ci 

£ s, d. 

Brought forward 760 0 0 

Anthro 20 ology . 

*Evans, Mr. A. J. — Silchester Excavation 5 0 0 

^Penhallow, Professor D. P. — ^Ethnological Purvey of Canada 15 0 0 

^Garson, Dr. J. G. — Age of Stone Circles 30 0 0 

^■Read, Mr. C. H. — Photographs of Anthropological Interest 

(Balance in hand) — 

^'Tylor, Professor E. B. — ^Anthropological Teaching 3 0 0 

*Evans, Sir John — Exploration in Crete 100 0 0 

Macalister, Professor A. — Anthropometric Investigations on 

Native Egyptian Soldiers 15 0 0 

Rhys, Professor J. — Excavations on the Roman Site at 

Gelligaer ! 5 0 0 

Physiologif. 

McKendrick, Professor J. G. — Work of Mammalian Heart 

under influence of Drugs 15 0 0 

McKendrick, Professor J. G. — Changes in Hiemoglobin 20 0 0 

Botany, 

Farmer, Professor J. B. — Investigations of the Cyanophycea) 10 0 0 

Marshall Ward, Professor — The Respiration of Plants 15 0 0 

Educational Science, 

Armstrong, Dr. 11. E. — Reciprocal Influence of Universities 

and Schools 5 0 0 

Sherrington, Professor C, S.t — Conditions of Health essen- 
tial to carrying on work in Schools 2 0 0 

C orres 2 ')ondi ng Societies, 

♦Whitaker, Mr. W. — Preparation of Report 15 0 0 

£^,015 0_ 0 

* Reappointed. f Appointed by the Council.' * 


The Annual Meet hi g in 1902. 

The Annual Meeting of the Association in 1902 will be held at 
Belfast, commencing on September 10. 

The Annual Meeting in 1903. 

The Annual Meeting of the Association in 1903 will be held at 
Southport. 
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cii 


General Statement of Sums which have been 'paid on account of 
Grants for Scievdific Purposes 


1831. 


Tide Discussions 


£ s. d. 

20 0 0 


1835. 

Tide Discussions 62 0 0 | 

British Fossil Ichthyology ... 105 0 0 . 

i.'l()7 0 I 


1836. j 

Tide Discussions 163 0 0 | 

British Fossil Ichthyology ... 105 0 0 j 

Therm ome trie Observations, I 

&c 50 0 0 ' 

Experiments on Long-con- 
tinued Heat 17 1 0 | 

Rain-gauges 0 13 0 | 

Refraction Experiments 15 0 0 j 

Lunar Nutation 60 0 0 j 

Thermometers 15 6 0 j 


tM3r) 0 0 


1837. 

Tide Discussions 284 1 0 

Chemical Constants 24 13 6 

Lunar Nutation 70 0 0 

Observations on Waves 100 12 0 

Tides at Bristol 150 0 0 

Meteorology and Subterr?,- 

nean Temperature 03 3 0 

Vitrification Experiments ... 150 0 0 

Heart Experiments 8 4 6 

Barometric Observations 30 0 0 

Barometers 11 18 6 


€922 12 " t; 


1838. 

Tide Discussions 29 0 0 

British Fossil Fishes 100 0 0 

Meteorological Observations 

and Anemometer (construe- i 

tion) 100 0 0 

Cast Iron (Strength of) 60 0 0 

Animal and Vegetable Sub- ; 

stances (Preservation of) ... 19 1 10 I 

Railway Constants 41 12 10 I 

Bristol Tides 50 0 0 j 

Growth of Plants 75 0 0 1 

Mud in Rivers 3 6 6 | 

Education Committee 60 0 0 

Heart Experiments 6 3 0 

Land and Sea Level 267 8 7 

Steam- vessels 100 0 0 

Meteorological Committee ... 31 9 5 


£ 932““2 2 


1839. 

£ s. d» 

Fossil Ichthyology 110 0 0 

Mclcnrohi'.ic il Observations 

at. Plymouth, kQ> 63 10 0 

Mechanism of Waves 144 2 0 

Bristol Tides 35 18 6 

Mcile.Tohvjy and Subterra- 
nean Temperature 21 11 0 

Vitrification Experiments ... 9 4 0 

Cast-iron Experiments 103 0 7 

Railway Constants 28 7 0 

Land and !8ea Level 274 I 2 

Steam- vessels’ Engines 100 0 4 

Stars in llistoire Celeste 171 18 0 

Stars in Lacaillc 11 0 6 

Stars in R. A. S. Catalogue ... 166 16 0 

Animal Secretions 10 10 6 

Steam Engines in Cornwall... 50 0 0 

Atmospheric Air 16 1 0 

Cast and Wrought Iron 10 0 0 

Heat on Organic Bodies 3 0 0 

Oases on Solar Spectrum 22 0 0 

Plourly Meteorological Ob- 
servations, Inverness and 

Kingussie 49 7 8 

Fossil Reptiles 118 2 9 

Mining Statistics 50 0 0 


C1595 11 0 


1840, 

Bristol Tides 100 0 0 

Subterranean Temperature ... 13 13 6 

Heart Experiments IS 19 0 

Lungs Experiments 8 13 0 

Tide Discussions 50 0 0 

Land and Sea Level 6 11 1 

Stars (llistoire Ctdeste) 212 10 0 

Stars (Lacaillc) 1 15 0 

Stars (Catalogue) 261 0 0 

Atraosplieric Air 15 15 0 

Water on Iron 10 0 0 

Heat on Organic Bodies 7 0 0 

Meteorological Observations . 52 17 6 

Foreign Scion till c Memoirs... 112 1 6 

Working Population 100 0 0 

School Statistics 50 0 0 

Forms of Vessels 184 7 0 

plicmical and Electrical Phe- 
nomena 40 0 0 

Meteorological Observations 

at Plymouth 80 0 0 

Magnetical Observations 185 13 9 


€1546 16 4 



GENERAL STATEMENT. 


cm 


1841. ! 

£ s. d. ! 

Observation'', on Waves 30 0 0 ; 

Meteorology and Subterra- i 

nean Temperatup 8 8 0 

Actinometers 10 0 0 

Earthquake Shocks 17 7 0! 

Acrid Poisons G 0 0 

Veins and Absorbents 3 0 0 | 

Mud in Rivers G 0 0 ' 

Marino Zoology 15 12 S 

Skeleton Maps 20 0 0 

Mountain Barometers G18 G 

Stars (Ilistoi^e 061este) * 185 0 0 

Stars (Lacaille) 79 6 0 

Stars (Nomenclature of) 17 19 6 

Stars (Catalogue of) 40 0 0 

Water on Iron 50 0 0 

Meteorological Observations 

at Inverness 20 0 0 

Meteorological Observations 

(reduction of) 25 0 0 

Fossil Reptiles 50 0 0 

Foreign Memoirs G2 0 6 

Railway Sections 38 1 0 

Forms of Vessels 193 12 0 

Meteorological Observations 

at Plymouth 55 0 0 

r 1 Observations 61 18 8 

Pisnes of the Old Red Sand- 
stone 100 0 0 

Tides at Leith 50 0 0 

Anemometer at Edinburgh .. . G9 1 10 

Tabulating Observations 9 6 3 

Races of Mon 5 0 0 

Radiate Animals 2 0 0 


i;i235 10 11 


1842. 

Dynamometric Instruments . . 113 11 2 

Anoplura Britannia} 52 12 0 

Tides at Bristol 59 8 0 

Gases on Light 30 14 7 

Chronometers 26 17 6 

Marine Zoology 15 0 

British Fossil Mammalia 100 0 0 

Statistics of Education 20 0 0 

lilarino Steam-vessels’ En- 
gines 28 0 0 

Stars (Histoire Celeste) 59 0 0 

Stars (Brit. Assoc. Cat. of) ... 110 0 0 

Railway Sections 161 10 0 

British Belemnites 60 0 0 

Fossil Reptiles (publication 

of Report) 210 0 0 

Forms of Vessels 180 0 0 

Galvanic Experiments on 

Rocks 5 8 G 

Meteorological Experiments 

at Plymouth 68 0 0 

Constant Indicator and Dyna- 
mometric Instruments 90 0 0 


f. d. 


Force of Wind 10 p 0 

Light on Growth of Seeds ... 8 0 0 

Vital Statistics 50 p 0 

Vegetative Power of Seeds ... 8 1 11 

Questions on Human Race ... 7 9 0 


£1449 17 8 


1843. 

Revision of the Nomenclature 

of Stars 2 0 0 

Reduction of Stars, British 

Association Catalogue 25 0 0 

Anomalous Tides, Firt-h of 

Forth 120 0 0 

Hourly Meteorological Obser- 
vations at Kingussie and 

Inverness . 77 12 8 

''7 ■■ . Observations 

at Piymouui 65 0 0 

Whcwell’s Meteorological Ane- 
mometer at Plymouth ID 0 0 

Meteorological Observations, 

Osier’s Anemometer at Ply- 
mouth 20 0 0 

Reduction of Meteorological 

Observations 30 0 0 

Meteorological Instruments 

and Gratuities 39 6 0 

Construction of Anemometer 

at Inverness 6G 12 2 

Magnetic Go-operation 10 8 10 

Meteorological Recorder for 

Kew Observatory 50 0 0 

Action of Gases on Light 18 IG 1 

Establishment at Kow Ob- 
servatory, Wages, Repairs, 

Furniture, and Sundries ... 133 4 7 
Experiments by Captive Bal- 
loons 81 8 0 

Oxidation of the Rails of 

Railways 20 0 0 

Publication of Report on 

Fossil Reptiles 40 0 0 

Coloured Drawings of Rail- 
way Sections 147 18 3 

Registration of Earthquake 

Shocks 30 0 0 

Report on Zoological Nomen- 
clature 10 0 0 

Uncovering Lower Red Sand- 
stone near Manchester 4 4 0 

Vegetative Power of Seeds ... 6 3 8 

Marine Testacea (Habits of) . 10 0 0 

Marine Zoology 10 0 0 

Marine Zoology 2 14 Jl 

Preparation of Report on Bri- 
tish Fossil Mammalia 100 0 0 

p’ Operations of 

'1 . ■ Agents 20 0 0 

VitaJ Statistics 3G 5 8 



HEPOBT — 1901 


civ 

£ s. (L , 

Additional Experiments on I 

the Forms of Vessels 70 0 0 j 

Additional Experiments on | 

the Forms of Vessels 100 0 0 ! 

Reduction of Experiments on 

the Forms of Vessels 100 0 0 

Morin’s Instrument and Con- 
stant Indicator 09 14 10 

Experiments on the Strength j 

of Materials 60 0 0 i 

i;i56r) 10 2 

1844. 

Meteorological Observations 

at Kingussie and Inverness 12 0 0 | 

Completing Observations at i 

Plymouth 35 0 0 

Magnetic and Meteorological i 

Co-operation 25 8 4 | 

Publication of the British i 

Association Catalogue of 1 

Stars 35 0 0 

Observations on Tides on the 

East Coast of Scotland ... 100 0 0 

Revision of the Nomenclature 

of Stars 1842 2 9 6 

Maintaining the Establish- i 

ment at Kew Observa- 
tory 117 17 3 . 

Instruments for Kew Obser- 
vatory 56 7 3 

Inlluence of Light on Plant s 10 0 0 

Subterraneous Temperature | 

in Ireland 5 0 0 

Coloured Drawings of Rail- 
way Sections 15 17 6 | 

Investigation of Fossil Fishes 

of the Lower Tertiary Strata 100 0 0 

Registering the Shocks of 

Earthquakes 1842 23 11 10 , 

Structure of Fossil Shells ... 20 0 0 i 

Radiata and Mollusca of the i 

iEgean and Red Sea.s 1842 100 0 0 j 

Geographical Distributions of I 

Marine Zoology 1842 0 10 0 j 

Marine Zoology of Devon and j 

Cornwall 10 0 0 ! 

Marine Zoology of Corfu 10 0 0 

Experiments on the Vitality 

of Seeds 9 0 0 

Experiments on the Vitality 

of Seeds 1842 8 7 3 

Exotic Anoplura 15 0 0 

Strength of Materials 100 0 0 

Completing Experiments on 

the Forms of Ships 100 0 0 

Inquiries into Asphyxia 10 0 0 

Investigations on the Internal 

Constitution of Metals 60 0 0 

Constant Indicator and Mo- 
rin’s Instrument 1842 10 0 0 

£981 12 8 


1846. 

£ s, d. 

Publication of the British As- 
sociation Catalogue of Stars 351 14 6 

Meteorological Observations 

at Inverness 30 18 11 

Magnetic and Meteorological 

Co-operation 16 16 8 

Meteorological Instruments 

at Edinburgh IS 11 0 

Reduction of Anemometrical 


Observations at Plymouth 

25 

0 

0 

Electrical Experiments at 




Kew Observatory 

43 

17 

8 

MuiiilJiiiiinf the Establish- 




ment at Kew Observatory 

149 

15 

0 

For Kreil’s 

25 

0 

0 

Gases from Iron rturnaces... 

50 

0 

0 

The ActinogTaph 

15 

0 

0 

Microscopic Structure of 




Shells 

20 

0 

0 

Exotic Anoplura 1843 

10 

0 

0 

Vitality of Seeds 1 843 

2 

0 

7 

Vitality of Seeds 1844 

7 

0 

0 

Marine Zoology of Cornwall . 

10 

0 

0 

Physiological Action of Medi- 




cines 

20 

0 

0 

Statistics of Sickness and 




Mortality in York 

20 

0 

0 

Earthquake Shocks .1813 

15 

14 

8 


£831 9 9 


1846. 

British Association Catalogue 

of Stars 1844 211 15 0 

Fossil Fishes of the London 

Clay 100 0 0 

Computation of the Gaussian 

Constants for 1829 50 0 0 

Maintaining the Establish- 
ment at Kew Observatory i 46 1 6 7 

Strength of Materials 60 0 0 

Researches in Asphyxia 6 16 2 

Examination of Fossil Shells 10 0 0 

Vitality of Seeds 1844 2 15 10 

Vitality of Seeds 1845 7 12 3 

Marine Zoology of Cornwall 10 0 0 
Marine Zoology of Britain ... 10 0 0 

Exotic Anoplura 1844 25 0 0 

Expenses attending Anemo- 
meters 11 7 6 

Anemometers’ Repairs 2 3 6 

Atmospheric Waves 3 3 .3 

Captive Balloons 1844 8 19 8 

Varieties of the Human Race 

1844 763 

Statistics of Sickness and 

Mortality in York 12 0 0 


£686 16 0 



GENERAL STATEMENT. 


CV 


1847. 

£ s, d. 

Computation of the Gaussian 


Constants for 1829 60 0 0 

Habits of Marine Animals ... 10 0 0 

Physiological Action of Medi- 
cines 20 0 0 

Marine Zoology of Cornwall 10 0 0 

Atmospheric Waves 0 9 .*> 

Vitality of Seeds 4 7 7 

Maintaining the Establish- 


ment at kew Observatory 107_ 8 6 

£208 '5 "4 


1848. 

Maintaining the Establish- 
ment at Kew Observatory 171 1511 


Atmospheric Waves 9 10 0 

Vitality of Seeds 9 15 0 

Completion of Catalogue of 

Stars 70 0 0 

On Colouring Matters 5 0 0 

On Growth o£ Plants ^ 

£275 1 '8 


1849. 

Electrical Observations at 

Kew Observatory 50 0 0 

Mainiai Fling the Establish- 
ment at ditto 75 2 5 

Vitality of Seeds 5 8 1 

On Growth of Plants 5 0 0 

Registration of Periodical 
Phenomena 10 0 0 


Bill on Account of Ancnio- 

mctrical Observations 13 9 0 

£1.59 T9 G 


1860. 

Maintaining the Establish- 
ment ati Kew Observatory 255 18 0 


Transit of Earthquake Waves 50 0 0 

Periodical Phenomena 15 0 0 

Meteorological Instruments, 

Azores 26 0 0 


£316 18 0 


1851. 

Maintaining the Establish- 
ment at kew Observatory 
(includes part of grant in 


1849) 309 2 3 

Theory of Heat 20 1 1 

Periodical Phenomena of Ani- 
mals and Plants 6 0 0 

Vitality of Seeds 6 6 4 

Influence of Solar Radiation 30 0 0 

Ethnological Inquiries 12 0 0 

Researches on Annelida 10 0 0 


£391 9 7 


1862. 

£ s, d. 

Maintaining the Establish- 
ment at kew Observatory 
(including balance of grant 


for 1860) 233 17 8 

Experiments on the Conduc- 
tion of Heat 6 2 9 

Influence of Solar Radiations 20 0 0 
Geological Map of Ireland ... 15 0 0 

Researches on the British An- 
nelida 10 0 0 

Vitality of Seeds 10 6 2 

Strength of Boiler Plates 10 0 0 


£304 G 7 


1863. 

Maintaining the Establish- 
ment at Kew Observatory 165 0 0 


Experiments on the Influence 

of Solar Radiation 15 0 0 

Researches on the British 

Annelida 10 0 0 

Dredging on the East Coast 

of Scotland 10 0 0 

Ethnological Queries 


£205 0 0 


1854. 

Maintaining the Establish- 
ment at Kew Observatory 


(including balance 

of 




former grant) 


.3.30 13 

4 

T- , . * V\.K .. 


11 

0 

0 

i. * I -:- ■ 

on 




WrouGfht Iron 


10 

0 

0 

Registration of Periodical 




PJienomena 


10 

0 

0 

British Annelida 


10 

0 

0 

Vitality of Seeds 


6 

2 

3 

Conduction of Heat 


4 

2 

0 


^380 19 

7 


1855. 

Maintaining the Establish- 
ment at kew Observatory 425 0 0 


Earthquake Movements 10 0 0 

Physical Aspect of the Moon 11 8 6 

Vitality of Seeds 10 7 11 

Map of the World 16 0 0 

Ethnological Queries 6 0 0 

Dredging near Belfast 4 0 0 


£^ 16 4 

1856. 

Maintaining the Establish- 
ment at Kew Observa- 
tory : — 

1864.. 

1865.. 


£ 76 0 0\ ... . „ 

.«600 0 or ^ 



RPPQBT— 1901. 


c^i 

£ 8. d. 

Strickland’s Ornithological 


Synonyms 100 0 0 

Bredging and Dredging 

Forms P |3 0 

Chemical Action of Light ... 20 0 0 

Strength of Iron Plates 10 0 0 

Registration of Periodical 

Phenomena 10 0 0 

Propagation of Salmon 10 0 0 


£7fi4 13 0 ! 



1857. I 

Maintaining the Establish- ' 

nient at Kew Observatory 350 0 0 i 


Earthquake Wave Experi- j 

ments 40 0 0 ' 

Dredging near Belfast 10 0 0 

Dredging on the West Coast 

of Scotland 10 0 0 

Investigations into the Mol- 

lusca of California 10 0 0 ; 

Experiments on Flax 5 o 0 

Natural History of Mada- 
gascar 20 0 0 

Researches on British Anne- 
lida 25 0 0 

Report on Natural Products 
imported into Liverpool ... 10 0 0 | 

Artificial Propagation of Sal- 
mon 10 0 0 

Temperature of Mines 7 8 0 

Tiiermometers for Subterra- 
nean Observations.... 5 7 4 

Life-boat.s 5 0 0 


£507 15 4 

1858. 


Maintaining the Establish- 


ment at Kew Observatory 
Earthquake Wave Experi- 

500 

0 

0 1 

1 

ments 

25 

0 

0 ! 

Dredging on the West Coast 




of Scotland 

10 

0 

0 1 

Dredging near Dublin 

5 

0 

0 i 

Vitality of Seed 

5 

5 

0 1 

Dredging near Belfast 

18 

13 

2 

Report on the British Anne- 



1 

lida 

Experiments on the produc- 
tion of Heat by Motion in 

25 

0 

0 i 

Fluids 

20 

0 

0 

Report on the Natural Pro- 




ducts imported into Scot- 




land 

10 

0 

0 


£518 18 '2 j 


1869. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 
Dredging neaf Dublin 15 0 0 


£ 8. d, 

Osteology of Birds 50 0 0 

Irish Tunicata 5 0 0 

Manure Ex jMM-i me 20 0 0 

British .M< dii-icliv i!> 0 0 

Dredging Committee 5 0 0 

Steam -vessels’ Performance... 5 0 0 

Marine Fauna of South and 

I West of Ireland 10 0 0 

I Photographic Chemistry 10 0 0 

1 Lanarkshire Fo.s.sils 20 0 1 

j Balloon Ascents 39 11 0 


£584 11 1 


1860. 

Maintaining the Establish- 
ment at Kew Observatory 500 0 0 

Dredging near Belfast 10 (5 0 

Dredging in Dublin Bay 15 Q 0 

Inquiry into the Performance 

of 8team-vessels 124 0 0 

Explorations in the Yellow 
Sandstone of Dura Den . . 20 0 0 

Cliemico-mechanical Analysis 

of Rocks and Minerals 25 0 0 

Researclies on the Growth of 

Plants 10 0 0 

Researches on the Solubility 

of Salts 30 0 0 

Researches on the Constituent s 

of Manures 25 0 0 

Balance of Captive Balloon 
Accounts 1 13 6 


£765 19 6 

1861. 

Maintaining the Establish- 
ment at Kew Observatory. . 500 0 0 

Earthquake Experiments 25 0 0 

Dredging North and Ea.st 


Coasts of Scotland 23 0 0 

Dredging Committee : — 


1860 £50 0 0 ■\ 

1861 £22 0 0 / 

72 

0 

0 

Excavations at Dura Den 

20 

0 

0 

Solubility of Salts 

20 

0 

0 

Steam- vessel Performance . . . 

150 

0 

0 

Fossils of Lesmabagow 

15 

0 

0 

Explorations at Uriconium ... 

20 

0 

0 

Chemical Alloys 

Classified Index to the Trans- 

20 

0 

0 

actions 

100 

0 

0 


Dredging in the Mersey .and 
Dee 5 0 0 


Dip Circle 

30 

0 

0 

Photoheliographic Observa- 




tions 

60 

0 

0 

Prison Diet 

20 

0 

0 

Gjiuui:..' uf Witter 

10 

0 

0 


6 

5 

10 

Cons! itiiepts of Manures 

25 

0 

0 

£1111 

5 

10 



GENERAL STATEB4EJJT- 


CYU 


18 C 2 . 

£ 8, d. 

Mainlainiii" the Establish- 
ment at Kew Observatory 500 0 0 

Patent Laws 21 0 0 

Mollusca of N.-W. of America 10 0 0 
Natural History by Mercantile 

Marine 5 0 0 

Tidal Observations 25 0 0 

Photoheliomeler at Kew 40 0 0 

Photographic Pictures of the 

Sun 150 0 0 

Rocks of i' ■ ■ 25 0 0 

Dredging JJuriiam ana NortJi- 

umberland (’oasts 25 0 0 

Connection of Storms 20 0 0 

Dredging North-east Coast 

of Scotland 0 0 G > 

Ravages of Teredo 11 0 

Standards of Electrical Re- 
sistance 50 0 O' 

Railway Accidents 10 0 O' 

Balloon Committee 200 0 0 ! 

Dredging Dublin Ray 10 0 0 * 

Dredging the Mersey 5 0 0 , 

Prison Diet 20 0 0 

Gauging of Water 12 10 0 i 

Steamships’ Performance 150 0 0 

Thermo-electric Currents ... 5 0 0 i 

JO 0 I 


1803. : 

Maintaining the Establish- i 

ment at Kew Observatory... 600 0 0 ; 
Balloon Committee deticiency 70 0 0 ’ 

Balloon Ascents (other ex- • 

penscs) 25 0 0 ' 

Entozoa 25 0 0 • 

Coal Tossils 20 0 0 

Herrings 20 0 0 

Granites of Donegal 5 0 0. 

Prison Diet 20 0 0 \ 

Vertical Atmospheric Move- 
ments 13 0 0 

Dredging Shetland 50 0 0 

Dredging North-east Coast of 

Scotland 25 0 0 

Dredging Northumberland | 

and Durham 17 3 10 j 

Dredging Committee superin- . 

teudonce 10 0 0 

Steamship Performance 100 0 0 

Balloon Committee 200 0 0 ^ 

Carbon under iiressuro 10 0 0 | 

Volcanic Temperature 100 0 0 j 

Bromide of Ammonium 8 0 0 

Electrical Standards 100 0 0 

Electrical Construction and 

Distribution 40 0 0 

Luminous Meteors 17 0 0 

KeW Additional Buildings for 
Photoheliograph 100 0 p 


£ 8. d. 

Thermo-electricity 15 0 0 

Analysis of Rocks 8 0 0 

Hydroida 10 0 0 


3 10 

18C4. 

Malrh'ri'.ii the Establish- 


ment at Kew Observatory.. 600 0 0 

Coal Fossils 20 0 0 

Vertical Atmospheric Move- 
ments 20 0 0 

Dredging, Shetland 75 0 0 

Dredging, Northumberland... 25 0 0 

Balloon Committee 200 0 0 

Carbon under pressure 10 0 0 

Standards of Electric Re- 
sistance 100 0 0 

Analysis of Rocks 10 0 0 

Hydroida 10 0 0 

Askham’s Gift 50 0 0 

Nitrite of Amylc 10 0 0 

Nomenclature Committee ... 5 0 0 

Rain-gauges 19 15 8 

C’ast-iron Investigation 20 0 0 

Tidal Observations in the 

Humber 50 0 0 

Spectral Rays 46 0 0 

Luminous Meteors 20 0 0 


:gl289 15 8 


18C5. 

Maintaining the Establish- 
ment at Kew Observatory.. COO 0 0 

Balloon Committee 100 0 0 

Hydroida.... 13 0 0 

Rain-gauges 30 0 0 

Tidal Observations in tlio 

Humber 6 8 0 

Hoxylic Compounds 20 0 0 

Amyl Compounds 20 0 0 

Irish Flora 25 0 0 

American iMolliisca 3 9 0 

Organic Acids 20 0 0 

Lingula Flags Excavation ... 10 0 0 

Eurypterus 60 0 0 

Electrical Standards 100 0 0 

Malta Caves Researches 30 0 0 

Oyster Breeding 25 0 0 

Gibraltar Caves Researches... 150 0 0 

Kent's Hole Excavations 100 0 0 

Moon’s Surface Observations 36 0 0 

Marino Fauna 26 0 0 

Dredging Aberdeensliire 25 0 0 

Dredging Channel Islands ... 60 0 0 

Zoological Nomenclature 6 0 0 

Resistance of Floating Bodies 

in Water 100 0 0 

Bath Waters Analysis 8 10 IQ 

Luminous Meteors 40 0 0 


il69i‘ ‘flO 



cvm 


REPOKT-- 1901 


1866. 

Maintaining the Establish- 


1868. 


Lingula Flags Excavation ... 
Chemical Constitution of 

Cast Iron 

Amyl Compounds 

Electrical Standards 


£ 

s. 

d. 

Maintaining the Establish- 

£ 

s. 

d. 

600 

•0 

0 

ment at Kew Observatory. . 

COO 

0 

0 

64 

13 

4 

Lunar Committee . . . . : 

120 

0 

0 

50 

0 

0 

Metrical Committee 

50 

0 

0 

60 

0 

0 ! 

; Zoological Record 

100 

0 

0 

50 

0 

0 

j Kent’s Hole Explorations 

160 

0 

0 

16 

0 

0 

i Steamship Performances . .. 

100 

0 

0 

16 

0 

0 

! British Rainfall 

50 

0 

0 

60 

0 

0 

1 Luminous Meteors 

60 

0 

0 

20 

0 

0 

1 Organic Acids 

60 

0 

0 


' Fossil Crustacea 25 0 0 

50 0 0 Methyl Series 25 0 0 

25 0 0 Mercury and Bile 25 0 0 

100 0 0 Organic Remains in Lime^ 


Malta Caves Exploration 

30 

0 

0 

stone Rocks 25 

0 

0 

Kent’s Hole Exploration 

200 

0 

0 

Scottish Earthquakes 20 

0 

0 

Marino Fauna, &o., Devon 




Fauna, Devon and Cornwall.. .30 

0 

0 

and Cornwall 

25 

0 

0 

British Fossil Corals .50 

0 

0 

Dredging Aberdeenshire Coast 

26 

0 

0 

Bagshot Leaf -beds 60 

0 

0 

Dredging Hebrides Coast ... 

50 

0 

0 

Greenland Explorations 100 

0 

0 

Dredging the Mersey 

5 

0 

0 

Fossil Flora 25 

0 

0 

Resistance of Floating Bodies 




Tidal Observations 100 

0 

0 

in Water 

60 

0 

0 

Underground Temperature .., 50 

0 

0 

Polycyanides of Organic Radi- 




Spectroscopic Investigations 



cals 

20 

0 

0 

. of Animal Substances 5 

0 

0 

Rigor Mortis 

10 

0 

0 

! Secondary Reptiles, &c 30 

0 

0 

Irish Annelida 

15 

0 

0 

British Marine Invertebrate 



Catalogue of Crania 

50 

0 

0 

Fauna 100 

0 

0 

Didine Birds of Mascareiie 




- 

•— 


Islands 

50 

0 

0 

£1940 

0 

0 

Typical Crania Researches ... 

30 

0 

0 




Palestine Exploration Fund... 

100 

0 

0 




§ 

il 

13' 

"4 

18G9. 




1867. ; 

Maintaining the Establish- i 

ment at Kew Observatory.. GOO 0 0 
Meteorological Instruments, i 

Palestine 50 0 0 

Lunar Committee }20 0 0 

Metrical Committee 50 0 0 ' 

Kent’s Hole Explorations ... 100 0 0 

Palestine Explorations 50 0 0 

Insect Fauna, Palestine 30 0 0 . 

British Rainfall 60 0 0 ; 

Kilkenny Coal Fields 25 0 0 i 

Alum Bay Fossil Leaf -bed ... 26 0 0 i 

Luminous Meteors 60 0 0 i 

Bournemouth, &c., Leaf-beds 30 0 0 

Dredging Shetland 76 0 0 

Steamship Reports Condensa- 
tion 100 0 0 

Electrical Standards 100 0 0 

Ethyl and Methyl Series 26 0 0 

Fossil Crustacea 26 0 0 

Sound under Water 24 4 0 

North Greenland Fauna 76 0 0 

Do. Plant Beds 100 0 0 

Iron and Steel Manufacture... 26 0 0 

Patent Laws 30 0 0 


£1739 4 0 


Maintaining the Establish- 
ment at Kew Observatory. , 

Lunar Committee 

Metrical Committee 

Zoological Record 

Committee on Gases in Deep- 

well Water 

British Rainfall 

Thermal Conductivity of Iron, 

&c 

Kent’s Hole Explorations 

Steamship Performances 

Chemical Constitution of 

Cast Iron 

Iron and Steel Manufacture 

Methyl Series 

Organic Remains in Lime- 
stone Rocks 

Earthquakes in Scotland 

British Fossil Corals 

Bagshot Leaf-beds 

Fossil Flora 

Tidal Observations 

Underground Temperature... 
Spectroscopic Investigations 

of Animal Substances 

Organic Acids 

■piiltorcan Fossils 


600 

0 

0 

60 

0 

0 

26 

0 

0 

100 

0 

0 

25 

0 

0 

50 

0 

0 

30 

0 

0 

160 

0 

0 

30 

0 

0 

80 

0 

0 

100 

0 

0 

30 

0 

0 

10 

0 

0 

10 

0 

0 

60 

0 

0 

30 

0 

0 

26 

0 

0 

100 

0 

0 

30 

0 

0 

6 

0 

0 

12 

0 

0 

20 

0 

0 



GEKtlRAL STATEMiCNT. 


CIX 


Chemical Constitution and 
Physiological Action llela- 

tions 

Mountain Limestone Fossils 

Utilisation of 8ew^c 

Products of Digestion 


£ d. I 

16 0 0 
26 0 0 
10 0 0 ; 
10 0 0 . 


£1622 ’ 0 6 ! 


A St d% 

Fossil Coral Sections, for 


Photographing 20 0 0 

Bagshot Leaf-beds 20 0 0 

Moab Explorations 100 0 0 

Gaussian Constants 40 0 0 


£1472 2 6 


1870. 


Maintaining tlio Establish- 
ment at Kew Observatory COO 0 

Metrical Committee 26 0 

Zoological Record 100 0 

Committee on Marine Fauna 20 0 

Ears in Fishes 10 0 

Chemical Nature of Cast 

Iron 80 0 

Luminous Meteors 80 0 

Heat in the Blood 16 0 

British Rainfall 100 0 

Thermal Conductivity of 

Iron, &c 20 0 

British Fossil Corals 60 0 

Kent’s Hole Explorations ... 150 0 

ISoottish EartlKjuakes 4 0 

Bagshot Leaf-bods 15 0 

Fossil Flora 25 0 

Tidal Observations 100 0 

Underground Temperature ... 60 0 

Kiltorcan Quarries Fossils ... 20 0 

Mounlaiii Limestone Fossils 26 0 

Utilisation of Sewage 60 0 

Organic Chemical Compounds 80 0 

Onny River Sediment 3 0 

Mechanical Equivalent of 
Heat 50 0 


£1572 0 


1871. 


Maintaining the Establish- 
ment at Kew Observatory COO 0 

Monthly Reports of Progress 

in Cheniistry 100 0 

Metrical Committee 25 0 

Zoological Record 100 0 

Thermal Equivalents of the 

Oxides of Chlorine 10 0 

Tidal Observations 100 0 

Fossil Flora 25 0 

Luminous Meteors 30 0 

British Fossil Corals 2.5 0 

Hea.t in the Blood 7 2 

British Rainfall 60 0 

Kent’s Hole Explorations ... 150 0 

Fossil Crustacea 26 0 

Methyl Compounds 25 0 

Lunar Objects 20 0 


1872. 

Maintaining the Establish- 
ment at Kew Observatory 300 0 0 

0 Metrical Committee 76 0 0 

0 i Zoological Record 100 0 0 

0 Tidal Committee 200 0 0 

0 Carboniferous Corals 25 0 0 

0 I Organic Chemical Compounds 25 0 0 

i Exploration of Moab 100 0 0 

0 Terato-embryological Inqui- 

0 ries 10 0 0 

0 Kent’s Cavern Exploration.. 100 0 0 

0 Luminous Meteors 20 0 0 

Heat in the Blood 15 0 0 

0 Fossil Crustacea 25 0 0 

0 . Fossil Elephants of Malta ... 25 0 0 

0 Lunar Objects 20 0 0 

0 Inverse Wave-lengths 20 0 0 

0 British Rainfall 100 0 0 

0 Poisonous Substances Anta- 

0 10 0 0 

0 E.->- * ■ .. '■ ■ 

0 stitiition, &c 40 0 0 

0 . M ilhematical Tables 50 0 0 

0 I T.iorraal Conductivity of Me- 

0 lals 25 0 0 

0 


£1285 0 0 

0 

. 1873. 

Zoological Record 100 0 0 

Chemistry Record 200 0 0 

Tidal Committee 400 0 0 

j Sewage Committee 100 0 0 

I Kent’s Cavern Exploration ... 160 0 0 

^ I Carboniferous Corals 23 0 0 

I Fossil Elephants 25 0 0 

^ I vr.,- . 160 0 0 

^ \ V i:., ■ J, 100 0 o 

^ i Essential Oils 30 0 0 

I Mathematical Tables 100 0 0 

I Gaussian Constants 10 0 0 

2 j Sub-Wealden Explorations... 25 0 0 

0 I -Vr ■ d Temperature ... 1.50 0 0 

^ 1 Exploration 50 0 0 

2 ; Fossil Flora, Ireland 20 0 0 

^ • Timber Denudation and Rain- 
^ fall 20 0 0 

9 Luminous 3Ieteor6 30 0 0 

0 

^ I £1686 0 0 



1874. 


BEPOKT — 1901. 




£ g. d. ] 

Zoological Becord 100 0 0 • 

Chemistry Record 100 0 0 | 

Mathematical Tables 100 0 0 

Elliptic Functions 100 0 0 

Lightning Conductors 10 0 0 

Thermal Conductivity of 

Rocks 10 0 0 

Anthropological Instructions 60 0 0 

Kent’s Cavern Exploration... 160 0 0 j 

Luminous Meteors 30 0 0 

Intestinal Secretions 16 0 0 

British Rainfall 100 0 0 

Essential Oils 10 0 0 

Sub-Wealden Explorations... 26 0 0 

Settle Cave Exploration 60 0 0 

Mauritius 100 0 0 | 

Magnoli-si'.ii.n rf lusi 20 0 0 ! 

Marine ■ ■ ■■ ■ :}0 0 0 

Fossils, ^ ■' 

land 2 10 0 

Physiological Action of Liglit 20 0 0 

Trades Unions 25 0 0 

Mountain Limestone-coral.^ 25 0 0 

Erratic Blocks 10 0 0 

Dredging, Durham and York- 
shire Coasts 28 5 O' 

High Temperature of Bodies 30 0 0 

Siemens’s Pyrometer 3 C 0 

Labyrinthodonts of Coal- 
measures 71 6 0 

jni6r'iG'’() [ 


1876. 


Elliptic Functions 

100 

0 

0 

Magnetisation of Iron 

20 

0 

0 

British Rainfall 

120 

0 

0 

Luminous Meteors 

ZO 

0 

0 

Chemistry Record 

100 

0 

0 

Specific Volume of liquids,.. 
Estimation of Potash and 

25 

0 

0 

Phosphoric Acid 

10 

0 

0 

Isometric Cresols 

20 

0 

0 

Sub-Wealden Exploral ions . . . 

100 

0 

0 

Kent's Cavern Exploration... 

100 

0 

0 

Settle Cave Exploration 

.60 

0 

0 

Earthquakes in Scotland 

16 

0 

0 

Underground Waters 

Development of Myxiuoid 

10 

0 

0 

Fishes 

20 

0 

0 

Zoological Record 

100 

0 

0 

Instructions for Travellers ... 

20 

0 

0 

Intestinal Secretions 

20 

0 

0 

Palestine Exploration 

100 

0 

0 

£!)60 

0 

0 

1876. 




PrintingMathematioalTables 139 

4 

2 

British Rainfall 

100 

0 

0 

Ohm’s Law 

9 

15 

0 

escalating Machine ... 

200 

0 

0 

'Specific Volume of Liquids. •• 

25 

0 

0 


.L St A* 

Isomeric Cresols iO 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl Sodaceto- 

acetate 5 0 0 

Estimation of Potash and 

Phosphoric Acid 13 0 0 

Exploration of Victoria Cave 100 0 0 

Geological Record 100 0 0 

Kent’s Cavern Exploration... 100 0 0 
Thermal Conductivities of 

Rocks 10 0 0 

r- ' ’ Waters 10 0 0 

j^jariiiquaKes in Scotland 110 0 

Zoological Record 100 0 0 

Close Time 5 0 0 

Fliysiologicsil Action of 

Sound 26 0 0 

Naples Zoological Station ... 76 0 0 

Intestinal Secretions 16 0 0 

Physical Characters of Inlia- 

bit ants of British Isles 13 16 0 

Measuring Speed of Ships ... 10 0 0 

Effect of Propeller on turning 
of Steam- vessels 5 u n 


£10112 1 2 


1877. 

Liquid Carbonic Acid in 

Min<*rals 20 0 0 

I Elli])tic Fnnclions 260 0 0 

Thermal Cond uct ivit y of 

Rocks 0 11 7 

Z,-i’ i.'.l R. cold 100 0 0 

K,- ■ - 100 0 0 

Zoological Stalion at Naples 75 0 0 

Luminous Meteois 30 0 0 

Elasticity of Wires 100 0 0 

Dipltrocarpcjo, Report on ... 20 0 0 

Mechanical Equivalent of 

Heal 35 0 0 

Double Compounds of Cobalt 

and Nickel 8 0 0 

V’ " : ■! T» ■ ire ... 61) 0 0 

• . ■■ !.'■ ■ . ■ 100 0 0 

Uisder. r >iiiwl Waters in New 

lied handstone 10 0 0 

Action of Ethyl Bromobuty- 
rate on Ethyl bodaceto- 

acetate 10 0 0 

British Earthworks 26 0 0 

Atmospheric Electricity in 

I India 15 0 0 

I Development of Light from 

I Coal-gas 20 0 0 

1 Estimation of Potash and 

' Phosphoric Acid 1 18 0 

Geological Record 100 0 0 

j Anthropometric Committee 34 0 0 

I Physiological Action of Phos- 
' phoric Acid, &c 16 Q 0 




general statement. 


1878. 

£ 8. d. 

Exploration of Settle Caves 100 0 0 

Geological Record.., 100 0 0 

Investigation of Pulse Pheno- 
mena by means of Siphon 

Recorder 10 0 0 

Z 1 _ ‘-‘Si’ ‘^*.^'■’on at Naples 73 0 0 
I - Underground 

Waters 15 0 0 

Transmission of Electrical 
Impulses through Nerve 

Structure SO 0 0 

Calculation of Factor Table 

for 4th Million 100 0 0 

Anthropometric Committee... 06 0 0 

Composition and Structure of 

less -known Alkaloids 23 0 0 

Exploration of Kent’s Cavern 30 0 0 

Zoological Record 100 0 0 

Fermanagh Caves Explora- 
tion 13 0 0 

Thermal Conductivity of 

Rocks 4 16 6 

Luminous Meteors 10 0 0 

Ancient Earthworks 25 0 0 


£725 16 6 


1871). 

Table at the Zoological 

Stjition, Najdcs 75 0 0 

1/Iioccnc Flora of the liasalt 
of the North of Ireland ... 20 0 0 

Illustrations for a Monograph 

on the Maminotli 17 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Composition and Structure of 

less-known Alkaloids 25 0 0 

Exploration of Caves in 

Borneo 50 0 0 

Kent's Cavern Exploration ... 100 0 0 
Record of the Progress of 

Geology 100 0 0 

Fermanagh Caves Exploration 5 0 0 
Electrolysis of Metallic Solu- 
tions and Solutions of 

Compound Salts 25 0 0 

Anthropometric Committee... 30 0 0 
Natural History of Socotra ... 100 0 0 
Calculation of Factor Tables 
for 5th and 6th Millions ... 150 0 0 

Underground Waters 10 0 0 

Steering of Screw Steamers... 10 0 0 
Improvements in Astrono- 
mical Clocks 30 0 0 

Marino Zoology of South 

Devozi 20 0 0 

Uetemination of Mechanical 
-EqulvAlent of Ileal 12 15 6 


bxi 


£ 8, d. 

Specific Inductive Capacity 

of Sprengel Vacuum 40 0 0 

Tables of Sun-heat Co- 

edlcients 80 6 0 

Datum Level of the Ordnance 

Survey 10 0 0 

Tables of Fundamental In- 
variants of Algebraic Forms 36 14 0 
Atmospheric Electricity Ob- 
servations in Madeira 16 0 0 

Instrument for Detecting 

Fire-damp in Minos 22 0 0 

Instruments for Measuring 

the Speed of Ships 17 1 8 

Tidal Observations in the 

English Channel 10 0 0 


£1080 11 Jl 


1880. 

New Form of High Insulation 

Key 10 0 0 

Underground Temperature ... 10 0 0 
Determination of tlie Me- 
chanical Equivalent of 

Heat 8 5 0 

Elasticity of Wires 60 0 0 

Luminous Meteors 30 0 0 

Lunar Disturbance of Gravity 30 0 0 

Fundamental InvarianI s 8 5 0 

Laws of Water Friction 20 0 0 

Specific Inductive Capacity 

of Sprengel Vacuum 20 0 0 

Completion of Tables of Sun- 

heat Cocflicienfs 60 0 0 

Instrument for Detection of 

Fire-damp in Mines 10 0 0 

Inductive Capacity of Crystals 

and Paratiines 4 17 7 

Report on Carboniferous 

Polyzoa 10 0 0 

Caves of South Ireland 10 0 0 

Viviparous Nature of Ichthyo- 
saurus 10 0 0 

Kent's Cavern Exploration... 60 0 0 

Geo’i- ; leal Record 100 0 0 

Miocene Jb’lora of the Basalt 

of North Ireland 15 0 0 

Underground Waters of Per- 
mian Formations 5 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Table at Zoological Station 

at Naples 75 0 0 

Investigation of the Geology 

and Zoology of Mexico 60 0 0 

Anthropometry 60 0 0 

Patent Laws ^ 


£731 7 7 
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C3tii 


1881. 

£ s. d. 

Lunar Disturbance of Gravity 30 0 0 
Underground Temperature ... 20 0 0 


Electrical Standards 26 0 0 

High Insulation Key 6 0 0 

Tidal Observations 10 0 0 

Specific Refractions 7 3 1 

Fossil Polyzoa 10 0 0 

Underground Waters 10 0 0 

Earthquakes in Japan 25 0 0 

Tertiary BTora 20 0 0 


Scottish Zoological Station ... 60 0 0 

Naples Zoological Station ... 75 0 0 
Natural History of Socotra ... 60 0 0 
Anthropological Notes and 


Queries 9 0 0 

Zoological Record 100 0 0 

Weights and Heights of 
Human Beings 30 0 0 


1882. 

Exploration of Central Africa 100 0 0 
Fundamental Invariants of 


Algebraical Forms 76 1 11 

Standards for Electrical 

Measurements 100 0 0 

Calibration of Mercurial Ther- 
mometers 20 0 0 

Wave-length Tables of Spec- 
tra of Elements 60 0 0 

rii()togra])hing Ultra-violet 

Spark Spectra 26 0 0 

Geological Record 100 0 0 

Earthquake Phenomena of 

Japan 2.6 0 0 

Conversion of Sedimentary 
^latcrialsinto Metamorphic 

Rocks 10 0 0 ! 

Fossil Plants of Halifax 15 0 0 | 


Geological Map of Europe ... 25 0 0 i 

Circulation of Underground | 


Waters 16 0 0 

Tertiary Flora of North of 

Ireland 20 0 0 

British Polyzoa 10 0 0 

Exploration of Caves of South 

of Ireland 10 0 0 | 

Explorationof Raytrill 20 0 0 > 

Naples Zoological Station ... SO 0 0 | 

, Albuminoid Substances of 

• Serum 10 0 0 

Elimination of Nitrogen by 

Bodily Exercise 50 0 0 

Migration of Birds 16 0 0 

Natural History of Socotra... 100 0 0 

Natural History of Timor-lant 100 0 0 

Record of Zoological Litera- 
ture 100 0 0 

Anthropometiic Committee... 60 0 o : 


1888. 

s, d. 

Meteorological Observations 


on Ben Nevis 50 0 0 

Isomeric Naphthalene Deri- 
vatives 15 0 0 

Earthquake Phenomena of 

Japan 60 0 0 

Fossil Plants of Halifax 20 0 0 

British Fossil Polyzoa 10 0 0 

Fossil Phyllopoda of Palseo- 

zoic Rocks 25 0 0 

Erosion of Sea-coast of Eng- 
land and Wales 10 0 0 

Circulation of Underground 

Waters 16 0 0 

Geological Record 60 0 0 

Exploration of Caves in South 

of Ireland 10 0 0 

Zoological Literature Record 100 0 0 

Migration of Birds 20 0 0 

Zoological Station at Naples 80 0 0 

Scottisli Zoologic'jil 25 0 0 

Elimination of Miu»gc-n by 

Bodily Exercise 38 3 3 

Exploration of Mount Kili- 


Investigation of Lougliton 

Camp 10 0 0 

Natural History of Timor-laut 50 0 0 
Screw Gauges 5 0 0 


i ‘ ;r'3 


18S1. 

Meteorological Observations 

on Don Nevis 60 0 0 

Collecting and Investigating 

Meteoric Dust 20 0 0 

Observatory at 

Ulicpslow 25 0 0 

Tidal Observations 10 0 o 

Ultra Violet Spark Spectra ... 8 4 0 

Eai*thciuakc Phenomena of 

Japan 76 0 0 

Fossil Plants of Halifax 15 0 0 

Fobsil Polyzoa 10 0 0 

Erratic Blocks oE England ... 10 0 0 

Fossil Plivllopoda of Palaio- 

zoic Hocks 15 0 0 

Circulation of Underground 

Waters 5 0 0 

International Geological Map 20 0 0 

Bibliography of Groups of 

Invertebrata 60 0 0 

Natural History of Timor-laut 60 0 0 

Naples Zoological Station ... 80 0 0 

Exploration of Mount Kili- 
manjaro, East Africa 500 0 0 

Migration of Birds 20 0 0 

Coagulation of Blood 100 0 0 

Zoological Literature Record 100 0 0 
Authropometrio Committee... 10 0 0 

I J T u 
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1885. 

£, d. 

Synoptic Chart of Indian 

Ocean 50 0 0 

Rednction of Tidal Observa- 
tions 10 0 0 

Calculating Tables in Theory j 

of Numbers 100 0 0 j 

Meteorological Observations | 


Meteoric Dust 70 0 0 

Vapour Pressures, &c., of Salt 

Solutions 25 0 0 

Physical Constants of Solu- 
tions 20 0 0 

Volcanic Phenomena of Vesu- 
vius 25 0 0 

Raygill Fissure 15 0 0 

Earthquake Phenomena of 

Japan 70 0 0 

Fossil Phyllopoda of Palaeozoic 

Rocks 25 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 50 0 0 

Geological Record 50 0 0 

Circulation of Underground 

Waters... 10 0 0 

Naples Zoological Station ... 100 0 0 
Zoological Literature Record . 100 0 0 

Migration of Birds 30 0 0 

Exploration of Mount Kilima- 
njaro 25 0 0 

Recent Polyzoa 10 0 0 

Oranton Biological Station ... 100 0 0 
Bioh'>L'ir'.’il Stations on Coasts 

of I'lii led Kingdom 150 0 0 

Exploration of New Guinea... 200 0 0 


Exploration of Mount Roraima 100 0 0 

£i:m 0 0 


1886. 

Electrical Standards 40 0 0 

Solar Radiation 9 10 6 

Tidal Observations 50 0 0 

Magnetic Observations 10 10 0 

Observaiions on Ben Nevis ... 100 0 0 
Physical and Chemical Bear- 
ings of Electrolysis 20 0 0 

(Jhemical Nomenclature 5 0 0 

Fossil Plants of British Ter- 
tiary and Secondary Beds... 20 0 0 

Oaves in North Wales 25 0 0 

Volcanic Phenomena of Vesu- 
vius 30 0 0 

Geological Record 100 0 0 

Palaeozoic Phyllopoda 15 0 0 

Zoological Literature Record . 100 0 0 
Gran ton Biological Station ... 75 0 0 
Naples Zoological Station 50 0 0 


Researches in Food- Fishes and 

Invertebrata at St. Andrews 75 0 0 

1901. 


£ X. d» 

Migration of Birds 30 0 0 

Secretion of Urine 10 0 0 

Exploration of New Guinea... 150 0 0 

Regulation of Wages under 

Sliding Scales 10 0 0 

Prehistoric Race in Greek 

Islands 20 0 0 

North-Western Tribes of Ca- 
nada 50 0 0 


£995 0 6 


1887. 

Solar Radiation 18 10 0 

Electrolysis 30 0 0 

Ben Nevis Observatory.... 75 0 0 

Standards of Light (1886 

grant) 20 0 0 

Standards of Light (1887 

grant) 10 0 0 

Harmonic Analysis of Tidal 

Observations 15 0 0 

Magnetic Observations 26 2 0 

Electrical Standards 50 0 0 

Silent Discharge of Electricity 20 0 0 

Absorption Spectra 40 0 0 

Nature of Solution 20 0 0 

Influence of Silicon on Steel 30 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Volcanic Phenomena of Jaj^an 

(1886 grant) 50 0 0 

Volcanic Phenomena of Japan 

(1887 grant) 50 0 0 

Cac Gwyn Cave, N. Wales ... 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 20 0 0 

Goal Plants of Halifax 25 0 0 

Microscopic Structure of the 

Rocks of Anglesey 10 0 0 

Exploration of the Eocene 
Beds of the Isle of Wight... 20 0 0 

Underground Waters 6 0 0 

‘ Manure ’ Gravels of Wexford 10 0 0 
Provincial Museums Reports 5 0 0 

Lymphatic System 25 0 0 

Naples Biological Station ... 100 0 0 
Plymouth Biological Station 50 0 0 
Granton Biological Station ... 76 0 0 

Zoological Record 100 0 0 

Flora of China 75 0 0 

Flora and Fauna of the 

Cameroons 75 0 0 

Migration of Birds 30 0 0 

Bathy-hypsograpliical Map of 

British Isles 7 6 0 

Regulation of Wages 10 0 0 

Prehistoric Race of Greek 

Islands 20 0 0 

Racial Photographs, Egyptian 20 0 0 


£1186 18 0 
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1888. 

£ s. d. 

Ben Nevis Observatory 160 0 0 

Electrical Standards 2 6 4 

Magnetic Observations 15 0 0 

Standards of Light 79 2 3 

Electrolysis 30 0 0 

Uniform Nomenclature in 

Mechanics 10 0 0 

Silent Discharge of Elec- 
tricity 9 11 10 

Properties of Solutions 25 0 0 

Influence of Silicon on Steel 20 0 0 
Methods of Teaching Chemis- 
try 10 0 0 

Isomeric Naphthalene Deriva- 
tives 25 0 0 

Action of Light on Hydracids 20 0 0 
Sea Beach near Bridlington,.. 20 0 0 

Geological Record 60 0 0 

Manure Gravels of Wexford... 10 0 0 

Erosion of Sea Coasts 10 0 0 

Underground Waters 5 0 0 

Palaeontographical Society ... 60 0 0 

Pliocene Fauna of St. Erth... 60 0 0 
Carboniferous Flora of Lan- 
cashire and West Yorkshire 25 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Zoology and Botany of West 

Indies 100 0 0 

Flora of Bahamas 100 0 0 

Development of Fishes — St. 

Andrews 60 0 0 

Marine Laboratory, Plymouth 100 0 0 

Migration of Birds 30 0 0 

Flora of China 76 0 0 

Naples Zoological Station ... 100 0 0 

Lymphatic System 25 0 0 

Biological Station at Granton 60 0 0 
Peradeniya Botanical Station 50 0 0 
Development of Teleostei ... 15 0 0 

Depth of Frozen Soil in Polar 

Regions 5 0 0 

Precious Metals in Circulation 20 0 0 
Value of Monetary Standard 10 0 0 
Effect of Occupations on Phy- 
sical Development 25 0 0 

North-Western Tribes of 

Canada 100 0 0 

Prehistoric Race in Greek 
Islands 20 0 0 


£1511 0 6 


1889. 


Ben Nevis Observatory 60 0 0 

Electrical Standards 75 0 0 

Electrolysis 20 0 0 

Surface Water Temperature... 30 0 0 

Silent Discharge of Electricity 
on Oxygen 6 4 8 


£ 8, d. 

Methods of teaching Chemis- 


try 10 0 0 

Action of Light on Hydracids 10 0 0 

Geological Record 80 0 0 

Volcanic Phenomena of Japan 26 0 0 
Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 20 0 0 

Higher Eocene Beds of Isle of 

Wight 16 0 0 

West Indian Explorations ... 100 0 0 

Flora of China 25 0 0 

Naples Zoological Station ... 100 0 0 
Physiology of Lymphatic 

System 25 0 0 

Experiments with a Tow-net 6 16 3 
Natural History of Friendly 

Islands 100 0 0 

Geology and Geography of 

Atlas Range 100 0 0 

Action of Waves and Currents 

in Estuaries 100 0 0 

North-Western Tribes of 

Canada 150 0 0 

Nomad Tribes of Asia Minor 30 0 0 

Corresponding Societies 20 0 0 

Marine Biological Association 200 0 0 
‘ Baths Committee,’ Bath 100 0 0 


£1417 0 11 


1890. 

Electrical Standards 12 17 0 

Electrolysis 5 0 0 

Electro-optics 60 0 0 

Mathematical Tables 25 0 0 

Volcanic and Seismological 

Phenomena of Japan 76 0 0 

PeUian Equation Tables 15 0 0 

Properties of Solutions 10 0 0 

International Standard for the 
Analysis of Iron and Steel 10 0 0 

Influence of the Silent Dis- 
charge of Electricity on 

Oxygen 5 0 0 

Methods of teachingChemistry 10 0 0 

Recording Results of Water 

Analysis 4 1 0 

Oxidation of Hydracids in 

Sunlight 15 0 0 

Volcanic Phenomena of Vesu- 
vius 20 0 0 

Palaeozoic Phyllopoda 10 0 0 

Circulation of Underground 

Waters 5 0 0 

Excavations at Oldbury Hill 15 0 0 

Cretaceous Polyzoa 10 0 0 

Geological Photographs 7 14 11 

Lias Beds of Northampton ... 25 0 0 

Botanical Station at Perade- 
niya 26 0 0 



GENERAL STATEMENT. 


^ s» (i* I 

Experiments with a Tow- ' 

net 4 3 9’ 

Naples Zoological Station ... 100 0 0 
Zoology and Botany of the 

West India Islands 100 0 0 

Marine Biological Association 30 0 0 
Action of Waves and Currents 

in Estuaries loO 0 0 | 

Graphic Methods in Mechani- I 

cal Science 11 0 0 | 

Anthropometric Calculations 5 0 0; 

Nomad Tribes of Asia Minor 25 0 0 
Corresponding Societies 20 0 0 


£799 16 8 


1891. 

Ben Nevis Observatory 50 0 0 

Electrical Standards 100 0 0 , 

Electrolysis 5 0 0 j 

Seismological Phenomena of j 

Japan 10 0 0 ; 

Temperatures of Lakes 20 0 0 j 

Photographs of Meteorological 

Phenomena 5 0 0 

Discharge of Electricity from 

Points 10 0 0 

Ultra Violet Rays of Solar 

Spectrum 60 0 0 , 

International Standard for 

Analysis of Iron and Steel ... 10 0 0 

Isomeric Naphthalene Deriva- 
tives 25 0 0 

Formation of Haloids 25 0 0 

Action of Light on Dyes 17 10 0 i 

Geological Record 100 0 0 j 

Volcanic Phenomena of Vesu- 
vius 10 0 0 I 

Fossil Phyllopoda 10 0 0 j 

Photographs of Geological 

Interest 9 5 0 

Lias of Northamptonshire ... 25 0 0 

Registration of Type-Speci- 
mens of British Fossils 6 6 0 

Investigation of Elbolton Cave 25 0 0 

Botanical Station at Pera- 

deniya 50 0 0 

Experiments with a Tow-net 40 0 0 

Marine Biological Association 12 10 0 

Disappearance of Native 

Plants 6 0 0 

Action of Waves and Currents 

in Estuaries 125 0 0 

Anthropometric Calculations 10 0 0 

New Edition of ‘ Anthropo- 
logical Notes and Queries ’ 60 0 0 

North - Western Tribes of 

Canada 200 0 0 

Corresponding Societies 26 0 0 


£1,029 10 0 


oxv 

1892. 

£ jr. i/. 

Observations on Ben Nevis ... 50 0 0 

Photographs of Meteorological 


Phenomena 15 0 0 

Pellian Equation Tables 10 0 0 

Discharge of Electricity from 

Points 50 0 0 

Seismological Phenomena of 

Japan 10 0 0 

Formation of Haloids 12 0 0 

Properties of Solutions 10 0 0 

Action of Light on Dyed 

Colours 10 0 0 

Erratic Blocks 15 0 0 

Photographs of Geological 

Interest 20 0 0 

Underground Waters 10 0 0 

Investigation of Elbolton 

Cave 25 0 0 

Excavations at Oldbury Hill 10 0 0 

Cretaceous Polyzoa 10 0 0 

Naples Zoological Station ... 100 0 0 

Marine Biological Association 17 10 0 

Deep-sea Tow-net 40 0 0 

Fauna of Sandwich Islands... 100 0 0 

Zoology and Botany of West 

India Islands 100 0 0 

Climatology and Hydrography 

of Tropical Africa 50 0 0 

Anthropometric Laboratory... 5 0 0 

Anthropological Notes and 

Queries 20 0 0 

Prehistoric Remains in Ma- 

shonaland 50 0 0 

North-Western Tribes of 

Canada 100 0 0 

Corresponding Societies 25 0 0 


£864 10 0 


1893. 


Electrical Standards 25 0 0 

Observations on Ben Nevis ... 150 0 0 

Mathematical Tables 15 0 0 

Intensity of Solar Radiation 2 8 6 
Magnetic Work at the Fiil- 

mouth Observatory 25 0 0 

Isomeric Naphthalene Deri- 
vatives 20 0 0 

Erratic Blocks 10 0 0 

Fossil Phyllopoda 5 0 0 

Underground Waters 5 0 0 

{Shell-bearing Deposits at 

Clava, Chapclhall, ko, 20 0 0 

Eurypterids of the Pcntland 

Hills 10 0 0 

Naples Zoological Station ... 100 0 0 
Marine Biological Association 30 0 0 
Fauna of Sandwich Islands 100 0 0 
Zoology and Botany of West 
India Islands 50 0 0 
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Exploration of Irish Sea . 
Physiological Action 


£ 9. d. 


Index of Genera and Species 

of Animals 

Exploration of Karakoram 

Mountains 

Scottish Place-names 

Climatology and Hydro- 
graphy of Tropical Africa 

Economic Training 

Anthropometric Laboratory 

Exploration in Abyssinia 

North-Western Tribes of 
Canada 


l*hotographs of ^leteorological 


Tables of Mathematical Func- 


Intensity of Solar Radiation 


Action of Light upon Dyed 

Colours 

Erratic Blocks 


Shell -bearing Deposits at 


Eurypterids of the Pentland 

Hills 

New Sections of Stonesticld 


Observations on Earth-tre- 


Exploration of Calf - Hole 

Cave 

Naples Zoological Station ... 
Marine Biological Association 
Zoology of the Sandwich 

Islands 

Zoology of the Irish Sea 

Structure and Function of the 

Mammalian Heart 

Exploration in Abyssinia . . . 

Economic Training 

Anthropometric Laboratory 
Statistics 


bury 

Anthropometrical Measure 

ments in Schools 

Mental and Physical Condi 

tion of Children 

Corresponding Societies 


30 

0 

0 , 

20 

0 

0 ! 

20 

0 

0 

60 

0 

0 1 
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General Meetings, 

On Wednesday, September 11, at 8.30 p.m., in St. Andrew’s Hall, 
Olasgow, Sir William Turner, K.C.B., F.R.S., resigned the office of 
President to Professor A. W. Rucker, D.Sc., Sec. R.S., F.R.S., who took 
the Chair, and delivered an Address, for which see page 3. 

On Thursday, September 12, at 8.30 p.m., a Soir(^e took place in the 
City Chambers. 

On Friday, September 13, at 8.30 p.m., in St. Andrew’s Hall, Pro- 
fessor W. Ramsay, F.R.S., delivered a Discourse on ‘The Inert Con- 
stituents of the Atmosphere.’ 

On Monday, September 16, at 8.30 p.m., in St. Andrew’s Hall, 
Mr. Francis Darwin, F.R.S., delivered a Discourse on ‘ The Movements of 
Plants.’ 

On Tuesday, September 17, at 8.30 p.m., a Soiree took place in 
the Exhibition Buildings. 

On Wednesday, September 18, at 2.30 p.m., in the University, the con- 
oluding General Meeting took place, when the Proceedings of the General 
■Committee and the Grants of Money for Scientific Purposes were explained 
to the Members. 

The Meeting was then adjourned to Belfast. [The ^Meeting is 
appointed to commence on Wednesday, September 10, 1902.] 
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ADDRESS 


BY 

Professor ARTHUR W. RUCKER, M.A., LL.D., 
D.Sc., Sec.R.S. 


PRESIDENT. 


The first thought in the minds of all of us to-night is that since we met 
last year the great Queen, in whose reign nearly all the meetings of the 
British Association have been held, has passed to her rest. 

To Sovereigns most honours and dignities come as of right ; but for 
some of them is reserved the supreme honour of an old age softened by 
the love and benedictions of millions ; of a path to the grave, not only 
magnificent, but watered by the tears both of their nearest and dearest, 
and of those who, at the most, have only seen them from afar. 

This honour Queen Victoria won. All the world knows by what 
great abilities, by what patient labour, by what infinite tact and kindli- 
ness, the late Queen gained both the respect of the rulers of nations and 
the affection of her own subjects. 

Her reign, glorious in many respects, was remarkable, outside these 
islands, for the growth of the Empire ; within and without them, for 
the drawing nearer of the Crown and the people in mutual trust ; while, 
during her lifetime, the developments of science and of scientific industry 
have altered the habits and the thoughts of the whole civilised world. 

The representatives of science have already expressed in more formal 
ways their sorrow at the death of Queen Victoria, and the loyalty and 
confident hope for the future with which they welcome the accession of 
King Edward. But none the less, I feel sure that at this, the first 
meeting of the British Association held in his reign, I am only expressing 
the universal opinion of all our members when I say that no group of the 
King^s subjects trusts more implicitly than we do in the ability, skill, 
and judgment which His Majesty has already shown in the exercise of 
the powers and duties of his august office ; that none sympathise more 
deeply with the sorrows which two great nations have shared with their 
Sovereigns ; and that none cry with more fervour, * Long live the King ! * 

But this Meeting of the British Association is not only remarkable 
as being the first in a new reign. It is also the first in a new century. 
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It is held in Glasgow at a time when your International Exhibition has 
in a, special sense attracted the attention of the world to your city, and 
when the recent celebration of the ninth jubilee of your University has 
shown how deeply the prosperity of the present is rooted in the past. 
What wonder, then, if I take the Chair to which you have called me with 
some misgivings ? Born and bred in the South, I am to preside over a 
Meeting held in the largest city of Scotland. As your chosen mouth- 
piece I am to speak to you of science when we stand at the parting of 
the centuries, and when the achievements of the past and present, and 
the promise of the future, demand an interpreter with gifts of knowledge 
and divination to which I cannot pretend. Lastly, I am President of the 
British Association as a disciple in the home of the master, as a physicist 
in a city which a physicist has made for ever famous. Whatever the 
future may have in store for Glasgow, whether your enterprise is still to 
add wharf to wharf, factory to factory, and street to street, or whether 
some unforeseen ‘ tide in the affairs of men ’ is to sweep energy and 
success elsewhere, fifty-three years in the history of your city will never 
be forgotten while civilisation lasts. 

More than half a century ago, a mere lad was the first to compel the 
British Association to listen to the teaching of Joule, and to accept the 
law of the conservation of energy. Now, alike in the most difficult 
mathematics and in the conception of the most ingenious apparatus, in 
the daring of his speculations and in the soundness of his engineering, 
William Thomson, Lord Kelvin, is regai'ded as a leader by the science 
and industry of the whole world. 

It is the less necessary to dwell at length upon all that he has done, 
for Lord Kelvin has not been without honour in his own country. Many 
of us, who meet here to night, met last in Glasgow when the University 
and City had invited representatives of all nations to celebrate the Jubilee 
of his professorship. For those two or three days learning was sur- 
rounded with a pomp seldom to be seen outside a palace. The strange 
middle-age costumes of all the chief Universities of the world were 
jostling here, the outward signs that those who were themselves distin- 
guished in the study of Nature had gathered to do honour to one of the 
most distinguished of them all. 

Lord Kelvin’s achievements were then described in addresses in every 
tongue, and therefore I will only remind you that we, assembled here 
to-night, owe him a heavy debt of gratitude ; for the fact that the British 
Association enters on the twentieth century conscious of a work to do 
and of the vigour to do it is largely due to his constant presence at its 
Meetings and to the support he has so ungrudgingly given. We have 
learned to know not only the work of our great leader, but the man 
himself ; and I count myself happy because in his life-long home, under 
the walls of the Universitjy^ he served so well, and at a Meeting of the 
Association which his genius has so often illuminated, I am allowed, as 
your President, to assure him in your name of the admiration, respect, 
nay, of the affection, in which we all hold him. 
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I have already mentioned a number of circumstances which make our 
Meeting this year noteworthy ; to these I must add that for the first time 
we have a Section for Education, and the importance of this new de- 
parture, due largely to the energy of Professor Armstrong, is emphasised 
by the fact that the Chair of that Section will be occupied by the 
Vice-President of the Board of Education — Sir John Gorst. I will not 
attempt to forecast the proceedings of the new Section. Education is 
passing through a transitional stage. The recent debates in Parliament ; 
the great gifts of Mr. Carnegie ; the discussion as to University organisa- 
tion in. the North of England; the reconstitution of the University of 
London ; the increasing importance attached to the application of know- 
ledge both to the investigation of Nature and to the purposes of industry, 
are all evidence of the growing conviction that without advance in educa- 
tion we cannot retain our position among the nations of the world. If 
the British Association can provide a platform on which these matters 
may be discussed in a scientific but practical spirit, free from the mis- 
representations of the hustings and the exaggerations of the partisan, it 
will contribute in no slight measure to the national welfare. 

But amid the old and new activities of our meeting the undertone 
of sadness, which is never absent from such gatherings, will be painfully 
apparent to many of us at Glasgow. Our sympathy goes out to the sister 
nation across the sea, which is watching by the sick-bed on which the 
President of the United States has been stretched by a coward hand. 
You will, I am sure, be glad to hear that the General Committee has 
already telegraphed, in the name of the Association, to President McKinley 
assuring him of their earnest hopes for his speedy and complete recovery. 
Nearer home the life-work of Professor Tait has ended amid the gloom of 
the war-cloud. A bullet, fired thousands of miles away, struck him to 
the heart, so that in their deaths the father and the brave son, whom he 
loved so well, were not long divided. Within the last year, too, America 
has lost Rowland ; Viriamu Jones, who did yeoman’s service for educa- 
tion and for science, has succumbed to a long and painful illness ; and one 
who last year at Bradford seconded the proposal that I should be your 
President at Glasgow, and who would unquestionably have occupied this 
Chair before long had he been spared to do so, has unexpectedly been called 
away. A few months ago we had no reason to doubt that George 
Francis FitzGerald had many years of health and work before him. He 
had gained in a remarkable way not only the admiration of the scientific 
world, but the affection of his friends, and we shall miss sadly one whom 
we all cared for, and who, we hoped, might yet add largely to the 
achievements which had made him famous. 

The Science of the Nineteenth Century, 

Turning from these sad thoughts to the retrospect of the century 
which has so lately ended, I have found it to be impossible to free myself 
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from the influence of the moment and to avoid, even if it were desirable to 
avoid, the inclination to look backward from the standpoint of to-day. 

Two years ago Sir Michael Foster dealt with the work of the century 
as a whole. Last year Sir William Turner discussed in greater detail 
the growth of a single branch of science. A third and humbler task 
remains, viz., to fix our attention on some of the hypotheses and assump- 
tions on which the fabric of modern theoretical science has been built, and 
to inquire whether the foundations have been so ‘ well and truly ’ laid 
that they may be trusted to sustain the mighty superstructure which is 
being raised upon them. 

The moment is opportune. The three chief conceptions wliich for many 
years have dominated physical as distinct from biological science have 
been the theories of the existence of atoms, of the mechanical nature of 
heat, and of the existence of the ether. 

Dalton^s atomic theory was first given to the world by a Glasgow pro- 
fessor —Thomas Thomson — in the year 1807, Dalton having communicated 
it to him in 1804. Rumford’s and Davy's experiments on the nature 
of heat were published in 1798 and 1799 respectively ; and the cele- 
brated Bakerian Lecture, in which Thomas Young established the 
undulatory theory by explaining the interference of light, appeared in 
the ‘Philosophical Transactions^ in 1801. The keynotes of the physical 
science of the nineteenth century were thus struck, as the century began, 
by four of our fellow-countrymen, one of whom — Sir Benjamin Thompson, 
Count Bumford — preferred exile from the land of his birth to the loss of 
his birthright as a British citizen. 

Doubts as to Scientific Theories. 

It is well known that of late doubts have arisen as to whether the 
atomic theory, with which the mechanical theory of heat is closely bound 
up, and the theory of the existence of an ether have not served their 
purpose, and whether the time has not come to reconsider them. 

The facts that Professor Poincare, addressing a congress of physicists 
n Paris, and Professor Poynting, addressing the Physical Section of the 
Association, have recently discussed the true meaning of our scientific 
methods of interprefation ; that Dr. James Ward has lately delivered an 
attack of great power on many positions which eminent scientific men 
have occupied ; and that the approaching end of the nineteenth century 
led Professor Hoeckol to define in a more popular manner his own very 
definite views as to the solution of the ‘ Riddle of the Universe,' are 
perhaps a sufficient justification of an attempt to lay before you the diffi- 
culties which surround some of these questions. 

To keep the discussion within reasonable limits I shall illustrate the 
principles under review by means of the atomic theory, with compara- 
tively little reference to the ether, and we may also at first confine our 
attention to inanimate objects. 
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The Conafriicfioi} of a Model of Naiure, 

A natural philosopher, to use the old phrase, even if only possessed of 
the most superficial knowledge, would attempt to bring some order into 
the results of his observation of Nature by grouping together statements 
with regard to phenomena which are obviously related. Tlie aim of 
modern science goes far beyond this. It not only shows that many 
phenomena are related which at first sight have little or nothing in 
common, but, in so doing, also attempts to explain the relationship. 

Without spending time on a discussion of the meaning of the word 
‘ explanation,’ it is sufficient to say that our ellbrts to (‘stablish relation- 
ships between phenomena often take the form of attompfing to prove 
that, if a limited numbei* of assumptions are granted as to the constitu- 
tion of matter, or as to the existence of quasi-material entities, such as 
caloric, electricity, and the ether, a wide range of observed facts falls into 
order as a necessary consequence of the assumptions. The question at 
issue is whether the hypotheses which are at the base of the scientific 
theories now most generally accepted are to be regarded as accurate 
descriptions of the constitution of the univei\se around us, or merely as 
convenient fictions. 

Convenient fictions be it observed, for even if they are fictions they 
are not useless. From the practical point of view it is a matter of 
secondary importance whether our theories and assumptions are correct, 
if only they guide us to results which are in accord with facts. The 
whole fabric of scientific theory may be regarded merely as a gigantic 
‘ aid to memory ’ ; as a means for producing apparent order out of dis- 
order by codifying the observed facts and laws in accordance with an 
artificial system, and thus arranging our knowledge under a comparatively 
small number of heads. The simplification introduced by a scheme which, 
however imperfect it may he, enables us to argue from a few first principles, 
makes theories of practical use. By means of them we can foi*esee tlie 
results of combinations of causes which would otherwise elude us. We 
can predict future events, and can even attempt to argue back from the 
present to the unknown past. 

But it is possible that these advantages might be attained by moans 
of axioms, assumptions, and theories based on very false ideas. A 
person who thought that a river was really a streak of blue paint 
might learn as much about its direction from a map as one who know 
it as it is. It is thus conceivable that we might ho able, not indeed 
to construct, but to imagine, something more tlian a mere map or 
diagram, something which might even be called a working model of 
inanimate objects, which was nevertheless very unlike the realities of 
nature. Of course, the agreement between the action of the model and 
the behaviour of the things it was designed to represent would probably 
be imperfect, unless the one wore a facsimile of the other ; but it is con- 
ceivable that the correlation of natural phenomena could be imitated, 
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with a large measure of success, by means of an imaginary machxiiT;, 
which shared with a map or diagram the characteristic that it was in 
many ways unlike the things it represented, but might be compared to a 
model in that the behaviour of the things represented could be predicted 
from that of the corresponding parts of the machine. 

We might even go a step further. If the laws of the working of the 
model could be expressed by abstractions, as, for example, by mathe- 
matical formulae, then, when the formulne were obtained, the model 
might be discarded, as probably unlike that which it was made to imitate, 
as a mere aid in the construction of equations, to be thrown aside when 
the perfect structure of mathematical symbols was erected. 

If this course were adopted we should have given up the attempt to 
know more of the nature of the objects which surround us than can be 
gained by direct observation, but might nevertheless have learned how 
these objects would behave under given circumstances. 

We should have abandoned the hope of a physical explanation of the 
properties of inanimate Nature, but should have secured a mathematical 
description of her operations. 

There is no doubt that this is the easiest path to follow. Criticism is 
avoided if we admit from the first that we cannot go below the surface ; 
cannot know anything about the constitution of material bodies ; but 
must be content with formulating a description of their behaviour by 
means of laws of Nature expressed by equations. 

But if this is to be the end of the study of Nature, it is evident that 
the construction of the model is not an essential part of the process. 
The model is used merely as an aid to thinking ; and if the relation of 
phenomena can be investigated without it, so much the better. The 
highest form of theory — it may be said — the widest kind of generalisa- 
tion, is that which has given up the attempt to form clear mental pic- 
tures of the constitution of matter, which expresses the facts and the 
laws by language and symbols which lead to results that are true, what- 
ever be our view as to the real nature of the objects with which we deal. 
From this point of view the atomic theory becomes not so much false as 
unnecessary ; it may be regarded as an attempt to give an unnatural 
precision to ideas which are and must be vague. 

Thus, when Rumford found that the mere friction of metals produced 
heat in unlimited quantity, and argued that heat was therefore a mode of 
motion, he formed a clear mental picture of what he believed to be occur- 
ring. But his experiments may be quoted as proving only that energy 
can be supplied to a body in indefinite quantity, and that when supplied 
by doing work against friction it appears in the form of heat. 

By using this phraseology we exchange a vivid conception ot moving 
atoms for a colourless statement as to heat energy, the real nature of 
which we do not attempt to define ; and methods which thus evade the 
problem of the nature of the things which the symbols in our equations 
represent have l>een prosecuted with striking success, at all events 
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within the range of a limited class of phenomena. A great scliool of 
chemists, building upon the thermodynamics of Willard Gibbs and the 
intuition of Van 'fc Hoff, have shown with wonderful skill that, if a 
sufficient number of the data of experiment are assumed, it is possible, 
by the aid of thermodynamics, to trace the form of the relations between 
many physical and chemical phenomena without the help of the atomic 
theory. 

But this method deals only with matter as our coarse senses know it ; 
it does not pretend to penetrate beneath the surface. 

It is therefore with the greatest respect for its authors, and with a 
full recognition of the enormous power of the weapons employed, that I 
venture to assert that the exposition of such a system of tactics cannot be 
regarded as the last word of science in the struggle for the truth. 

Whether we grapple with them, or whether we shirk them ; however 
much or however little we can accomplish without answering them, the 
questions still force themselves upon us : Is matter what it seems to be ? 
Ts interplanetary space full or empty ? Can we argue back from the 
direct impressions of our senses to things which we cannot directly per- 
ceive*3 from the phenomena displayed by matter to the constitution of 
matter itself ? 

It is these questions which we are discussing to-night, and we may 
therefore, as far as the present address is concerned, put aside, once for 
all, methods of scientific exposition in which an attempt to form a mental 
picture of the constitution of matter is practically abandoned, and devote 
ourselves to the inquiries whether the effort to form such a picture is 
legitimate, and whether we have any reason to believe that the sketch 
which science has already drawn is to some extent a copy, and not a mere 
diagram, of the truth. 

Successive Steps in the Analysis of Matter, 

In dealing, then, with the question of the constitution of matter and 
the possibility of representing it accurately, we may grant at once that 
the ultimate nature of things is, and must remain, unknown ; but it does 
not follow that immediately below the complexities of the superficial 
phenomena which affect our senses there may not be a simpler machinery 
of the existence of which we can obtain evidence, indirect indeed but 
conclusive. 

The fact that the apparent unity which we call the atmosphere can be 
resolved into a number of different gases is admitted ; though the ultimate 
nature of oxygen, nitrogen, argon, carbonic acid, and water vapour is as 
nnintelligiblo as that of air as a whole, so that the analysis of air, taken 
by itself, may be said to have substituted many incomprehensibles for one. 

Nobody, however, looks at the question from this point of view. It 
is recognised that an investigation into the proximate constitution of 
things may be useful and successful, even if their ultimate nature is 
beyond our ken. 
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Nor need the analysis stop at the first step. Water vapour and car- 
bonic acid, themselves constituents of the atmosphere, are in turn resolved 
into their elements hydrogen, oxygen, and carbon, which, without a 
formal discussion of the criteria of reality, we may safely say are as real 
as air itself. 

Now, at what point must this analysis stop if we are to avoid crossing 
the boundary between fact and fiction ? Is there any fundamental differ- 
ence between resolving air into a mixture of gases and resolving an 
slementary gas into a mixture of atoms and ether ? 

There are those who cry halt ! at the point at which we divide a gas 
nto molecules, and their first objection seems to be that molecules and 
itoms cannot be directly perceived, cannot he seen or handled, and are 
nere conceptions, which have their uses, but cannot be regarded as 
•ealiti6s. 

It is easiest to reply to this objection by an illustration. 

The rings of Saturn appear to be continuous masses separated by 
iircular rifts. This is the phenomenon which is observed through a tele- 
scope. By no known means can we ever approach or handle the rings ; 
^et everybody who understands the evidence now believes that they are 
xot what they appear to be, but consist of minute moonlets, closely packed 
ndeed, but separate the one from the other. 

In the first pla(;e Maxwell proved mathematically that if a Saturnian 
•ing were a continuous solid or fluid mass it would bo unstable and would 
lecessarily break into fragments. In the next place, if it were possible for 
he ring to revolve like a solid body, the inmost parts would move slowest, 
vhile a satellite moves faster the nearer it is to a planet. Now spectro- 
copic observation, based on the beautiful method of Sir W. Huggins, 
hows not only that the inner portions of the ring move the more 
apidly, but that the actual velocities of the outer and inner edges are 
n close accord with the theoretical velocities of satellites at like distances 
rom the planet. 

This and a hundred similar cases prove that it is possible to obtain 
onviricing evidence of the constitution of bodies between whose separate 
>arts we cannot directly distinguish, and I take it that a physicist who 
>elieves in the reality of atoms thinks that he has as good reason for 
iividing an apparently continuous gas into molecules as he has for dividing 
he apparently continuous Saturnian rings into satellites. If he is wrong 
b is not the fact that molecules and satellites alike cannot be handled 
,nd cannot be seen as individuals, that constitutes the difference between 
he two cases. 

It may, however, be urged that atoms and the ether are alleged to have 
properties different from those of matter in bulk, of which alone our senses 
ake direct cognisance, and that therefore it is impossible to prove their 
xistence by evidence of the same cogency as that which may prove the 
xistence of a newly discovered variety of matter or of a portion of matter 
00 small or too distant to be seen. 
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This point is so important that it requires full discussion, Imt in 
dealing with it, it is necessary to distinguish carefully between the validity 
of the arguments which support the earlier and more fundamental pro- 
positions of the theory, and the evidence brought forward to justify mere 
speculative applications of its doctrines which might be abandoned 
without discarding the theory itself. The proof of the theory must be 
carried out step by step. 

The first step is concerned wholly with some of the most general 
properties of matter, and consists in the proof that those properties are 
either absolutely unintelligible, or that, in the case of matter of all kinds, 
we are subject to an illusion similar to that the results of which we 
admit in the case of Saturn's rings, clouds, smoke, and a number of 
similar instances. The believer in the atomic theory asserts that matter 
exists in a particular state , that it consists of parts which are separate 
and distinct the one from the other, and as such are capable of indepen- 
dent movements. 

Up to this point no question arises as to whether the separate parts 
are, like grains of sand, mere fragments of matter ; or whether, though 
they are the bricks of which matter is built, they have, as individuals, 
properties different from those of masses of matter large enough to be 
directly perceived. If they are mere fragments of ordinary matter, they 
cannot be used as aids in explaining those qualities of matter which they 
themselves share. 

We cannot explain things by the things themselves. If it be true 
that the properties of matter are the product of an underlying machinery, 
that machinery cannot itself have the properties which it produces, and 
must, to that extent at all events, differ from matter in bulk as it is 
directly presented to the senses. 

If, however, we can succeed in showing that if the separate parts have 
a limited number of properties (different, it may be, from those of matter 
in bulk), the many and complicated properties of matter can be explained, 
to a considerable extent, as consequences of the constitution of these 
separate parts ; wo shall have succeeded in establishing, with regard to 
quantitative properties, a simplification similar to that which the chemist 
has established with regard to varieties of matter. The many will have 
been reduced to the few. 

The proofs of the physical reality of the entities discovered by means 
of the two analyses must necessarily be different. The chemist can 
actually produce the elementary constituents into which he has resolved 
a compound mass. No physicist or chemist can produce a single atom 
separated from all its fellows, and show that it possesses the elementary 
qualities he assigns to it. The cogency of the evidence for any 
suggested constitution of atoms must vary with the number of facts 
which the hypothesis that they possess that constitution explains. 

Let us take, then, two steps in their proper order, and inquire, fiirst. 
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whether there is valid ground for believing that all matter is made up of 
discrete parts ; and secondly, whether we can have any knowledge of the 
constitution or properties which those parts possess. 

The Coarse-grainedness of Matter. 

Matter in bulk appears to be continuous. Such substances as water 
or air appear to the ordinary observer to be perfectly uniform in all their 
properties and qualities, in all their parts. 

The hasty conclusion that these bodies are really uniform is, never- 
theless, unthinkable. 

In the first place the phenomena of difiusion afford conclusive proof 
that matter when apparently quiescent is in fact in a state of internal 
commotion. I need not recapitulate the familiar evidence to prove that 
gases and many liquids when placed in communication interpenetrate or 
diffuse into each other ; or that air, in contact with a surface of water, 
gradually becomes laden with water vapour, while the atmospheric gases 
in turn mingle with the water. Such phenomena are not exhibited by 
liquids and gases alone, nor by solids at high temperatures only. Sir W. 
Roberts Austen has placed pieces of gold and lead in contact at a tem- 
perature of 18® C. After four years the gold had travelled into the lead 
to such an extent that not only were the two metals united, but, on 
analysis, appreciable quantities of the gold were detected even at a dis- 
tance of more than 5 millimetres from the common surface, while within a 
distance of three-quarters of a millimetre from the surface gold had 
penetrated into the lead to the extent of 1 oz. 6 dwts. per ton, an amount 
which could have been profitably extracted. 

Whether it is or is not possible to devise any other intelligible account 
of the cause of such phenomena, it is certain that a simple and adequate 
explanation is found in the hypothesis that matter consists of discrete 
parts in a state of motion, which can penetrate into the spaces between 
the corresponding parts of surrounding bodies. 

The hypothesis thus framed is also the only one which affords a rational 
explanation of other simple and well known facts. If matter is regarded 
as a continuous medium the phenomena of expansion are unintelligible. 
There is, apparently, no limit to the expansion of matter, or, to fix our 
attention on one kind of matter, let us say to the expansion of a gas ; but 
it is inconceivable that a continuous material which fills or is present in 
every ptirt of a given space could also be present in every part of a space 
a million times as great. Such a statement might be made of a mathe- 
matical abstraction ; it cannot be true of any real substance or thing. 
If, however, matter consists of discrete particles, separated from each 
other either by empty space or by something different from themselves, 
we can at once understand that expansion and contraction may be nothing 
more than the mutual separation or approach of these particles. 

Again, no clear mental picture can be formed of the phenomena of 
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heat unless we suppose that heat is a mode of motion. In the words of 
Rumford, it is ‘ extremely difficult, if not quite impossible, to form any 
distinct idea of anything capable of being excited and communicated in 
the manner the heat was excited and communicated in [his] experiment 
[on friction] except it be motion.^ * And if heat be motion there can be 
no doubt that it is the fundamental particles of matter which arc moving. 
For the motion is not visible, is not motion of the body as a whole, while 
diffusion, which is a movement of matter, goes on more quickly as the 
temperature rises, thereby proving that the internal motions have become 
more rapid, which is exactly the result which would follow if these were 
the movements which constitute sensible heat. 

Combining, then, the phenomena of diffusion, expansion, and heat, it is 
not too much to say that no hypotheses which make them intelligible have 
ever been framed other than those which are at the basis of the atomic 
theory. 

Other considerations also point to the same conclusion. Many years 
ago Lord Kelvin gave independent arguments, based on the proper- 
ties of gases, on the ^constitution of the surfaces of liquids, and on the 
electric properties of metals, all of which indicate that matter is, to use 
his own phrase, coarse-grained — that it is not identical in constitution 
throughout, but that adjacent minute parts are distinguishable from each 
other by being either of different natures or in different states 

And here it is necessary to insist that all these fundamental proofs 
are independent of the nature of the partirlos or granules into which 
matter must be divided. 

The particles, for instance, need not be different in kind from the 
medium which surrounds and separates them. It would suffice if they 
were what may be called singular parts of the medium itself, differing 
from the rest only in some peculiar state of internal motion or of distor 
tion, or by being in some other way earmarked as distinct individuals. 
The view that the constitution of matter is atomic may and does receive 
support from tlieories in which definite assumptions are made as to the 
constitution of the atoms ; but when, as is often the case, these assump- 
tions introduce new and more recondite difficulties, it must be remem- 
bered that the fundamental hypothesis — that matter consists of discrete 
parts, capable of independent motions — is forced upon us by facts and 
arguments which are altogether independent of what the nature and 
properties of these separate parts may be. 

As a matter of history the two theories, which are not by any means 
mutually exclusive, that atoms are particles which can be treated as dis- 
tinct in kind from the medium which surrounds them, and that they are 
parts of that medium existing in a special state, have both played a large 
part in the theoretical development of the atomic hypothesis. The atoms 
of Waters ton, Clausius, and Maxwell were particles. The vortei- atoms 


‘ Phil Transit 170S, p. 99. 
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of Lord Kelvin, and the strain-atoms (if I may call them so) suggested 
by Mr. Larmor, are states of a primary medium which constitutes a 
physical connection between them, and through which their mutual 
actions arise and arc transmitted. 

Properties of the Basis of Matter. 

It is easy to show that, whichever alternative bo adopted, we are 
dealing with something, whether we consider it under the guise of sepa- 
rate particles or of differentiated portions of the medium, which has 
properties different from those of matter in bulk. 

For if the basis of matter had the same constitution as matter, the 
irregular heat movements could hardly be maintained either against the 
viscosity of the medium or the frittering away of energy of motion which 
would occur during the collisions between the particles. Thus, even in 
the case in which a hot body is prevented from losing heat to surrounding 
objects, its sensible heat should spontaneously decay by a process of self- 
cooling. No such phenomenon is known, and though on this, as on all other 
points, the limits of our knowledge arc fixed by the uncertainty of experi- 
ment, we are compelled to admit that, to all appearance, the fundamental 
medium, if it exists, is unlike a material medium, in that it is non- viscous ; 
and that the particles, if they exist, are so constituted that energy is not 
frittered away when they collide. In either case, we are dealing with 
something different from matter itself in the sense that, though it is the 
basis of matter, it is npt identical in all its properties with matter. 

The idea, therefore, that entities exist possessing properties different 
from those of matter in bulk is not introduced at the end of a long and 
recondite investigation to explain facts with which none but experts are 
acquainted. It is forced upon us at the very threshold of our study of 
Nature. Either the properties of matter in bulk cannot be referred to 
any simpler structure, or that simpler structure must have properties 
different from those of matter in bulk as we directly knew it — properties 
which can only be inferred from the results which they produce. 

No a 2^y'iori argument against the possibility of our discovering the 
existence of quasi -material substances, which are nevertheless different 
from matter, can prove the negative proposition that such substances 
cannot exist. It is not a self-evident truth that no substance other than 
ordinary matter can have an existence as real as that of matter itself. 
It is not axiomatic that matter cannot be composed of parts whose pro- 
perties are different from those of the whole. To assert that even if 
such substances and such parts exist no evidence however cogent could 
convince us of their existence is to beg the whole question at issue ; to 
decide the cause before it has been heard. 

We must therefore adhere to the standpoint adopted by most scientific 
men, viz., that the question of the existence of ultra-physical entities, 
such as atoms and the ether, is to be settled by the evidence, and must not 
be ruled out as inadmissible on a priori grooinds. 
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On the other hand, it is impossible to deny that, if the mere entry on 
the search for the concealed causes of physical phenomena is not a tres- 
pass on ground we have no right t() explore, it is at all events the 
beginning of a dangerous journey. 

The wraiths of phlogiston, caloric, luminiferous corpuscles, and a 
crowd of other phantoms haunt the investigator, and as the grim host 
vanishes into iiotliingtK''"'. he cannot but wonder if his own conceptions of 
atoms and of the ether 

‘ shall dissolve, 

And, like this insubstantial pageant faded, 

Leave not a wrack behiinl.’ 

Bui though science, like Bunyan^s hero, has sometimes had to pass 
through the ‘ V alloy of Humiliation,’ the spectres which meet it there 
arc not forniidablc if they are boldly faced. The facts that mistakes 
have been made, that theories have been propounded, and fur a time 
accepted, which later investigations have disproved, do not necessarily 
discredit the method adopted. In scientilic theories, as in the world 
around us, there is a survival of the fittest, and Dr. James Ward’s 
unsympathetic account of the blunders of those whose work has shed 
glory on the nineteenth century, might imUatia mulandia stand for a 
description of the history of the advance of civilisation. ‘ The story of 
the progress so far,’ he tells us, ‘ is briefly this : Divergence between 
theory and fact one part of the way, the wreckage of abandoned fictions 
for the rest, with an unattainable goal of phenomenal nihilism and ultra- 
physical mechanism beyond.’ * 

‘ The path of progi’ess,’ says Professor Karl Pearson, ‘ is strewn with 
the wreck of nations. Traces are everywhere to be seen of the hecatombs 
of inferior races, and of victims who found not the narrow way to the 
greater perfection. Yet these dead peoples are, in very truth, the step- 
ping-stones on which mankind has arisen to the higher intellectual and 
deeper emotional lifcj of to-day.’ - 

It is only necessary t.o add that the. progress of society is directed 
towards an unattainable goal of universal contentment, to make the 
parallel complete. 

And so, in the one case as in the other, we may leave ‘ the dead to 
bury their dead.’ The question before us is not whether we too may not 
be trusting to false ideas, erroneous experiments, evanescent theories. 
No doubt we are ; but, without making an insolent claim to bo better 
than our fathers, we may fairly contend that, amid mucli that is uncertain 
and temporary, some of the fundamental conceptions, some of tlie root- 
ideas of science, are so grounded on reason and fact that we cannot 
but regard them as an aspect of the very truth. 

Enough has, perhaps, now been said on this point for my immediate 

* James Waid, Naturalism and Agnosticism^ vol. i. p. 163. 

* Karl PtarBDU Natimial Life from f Ar Standjgaint of Sdeiieet p. 62 . 
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purpose, me argument as to the constitution of matter could be de- 
veloped further in the manner I have hitherto adopted, viz., by a series of 
propositions, the proof of each of which is based upon a few crucial 
phenomena. In particular, if mailer is divided into moving granules or 
particles, the phenomenon of cohesion proves that there must be mutual 
actions between them analogous to those which take place between large 
masses of matter, and which we ascribe to force, thereby indicating the 
regular, unvarying operation of active machinery which we have not yet 
the means of adequately understanding. For the moment, I do not wish 
to extend the line of reasoning that has been followed. My main object 
is to show that the notion of the existence of ultra-physical entities 
and the leading outlines of the atomic theory are forced upon us at the 
beginning of our study of Nature, not only by a priori considerations, 
but in the attempt to comprehend the results of even the simplest 
observation. These outlines cannot be effaced by the difficulties 
which undoubtedly arise in filling up the picture. The cogency of 
the proof that matter is coarse-grained is in no way affected by the 
fact that we may have grave doubts as to the nature of the granules. 
Nay, it is of the first importance to recognise that, though the funda- 
mental assumptions of the atomic theory receive overwhelming support 
from a number of more detailed arguments, they are themselves almost of 
the nature of axioms, in that the simplest phenomena are unintelligible if 
they are abandoned. 

The Range of the Atomic Theory. 

Tt would be most unfair, however, to the atomic theory to represent 
it as depending on one. line of reasoning only, or to treat its evidence 
as bounded by the very general propositions I have discussed. 

It is true that as the range of the theory is extended the fundamental 
conception that matter is granular must be expanded and filled in by 
supplementary hypotheses as to the constitution of the granules. It may 
also be admitted that no complete or wholly satisfactory description of 
that constitution can as yet be given ; that perfection has not yet been 
attained here or in any other branch of science ; but the number of facts 
which can be accounted for by the theory is very large compared with the 
number of additional hypotheses which aro introduced ; and the cumula- 
tive weight of the additional evidence obtained by the study of details 
is such as to add greatly to the strength of the conviction that, in its 
leading outlines, the theory is true. 

It was originally suggested by the facts of chemistry, and though, as 
we have seen, a school of chemists now thrusts it into the background, it 
is none the less true, in the words of Dr. Thorpe, that ‘ every great 
advance in chemical knowledge during the last ninety years finds its 
interpretation in [Dalton^s] theory.’ ^ 

The principal mechanical and thermal properties of gases have been 

* Thorpe, Essays on Historical Chemistry^ 1894, p. 368. 
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explained, and in large part discovered, by the aid of the atomic theory ; 
and, though there are outstanding difficulties, they are, for the most part, 
related to the nature of the atoms and molecules, and do not affect the 
question as to whether they exist. 

The fact that different kinds of light all travel at the same speed in 
interplanetary space, while they move at different rates in matter, is 
explained if matter is coarse-grained. But to attempt to sum up all 
this evidence would be to recite a text-book on physics. It must suffice 
to say that it is enormous in extent and varied in character, and that the 
atomic theory imparts a unity to all the physical sciences which has been 
attained in no other way. 

I must, however, give a couple of instances of the wonderful success 
which has been achieved in the explanation of physical phenomena by the 
theory we are considering, and I select them because they are in harmony 
with the line of argument I have been pursuing. 

When a piece of iron is magnetised its behaviour is different according 
as the magnetic force applied to it is weak, moderate, or strong. When 
a certain limit is passed the iron behaves as a non-magnetic substance to 
all further additions of magnetic force. With strong forces it does and 
with very weak forces it does not remain magnetised when the force 
ceases to act. Professor Ewing has imitated all the minute details of 
these complicated properties by an arrangement of small isolated compass 
needles to represent the molecules. It may fairly be said that as far as 
this particular set of phenomena is concerned a most instructive working 
model based on the molecular theory has not only been imagined but 
constructed. 

The next illustration is no less striking. We may liken a crowd of 
molecules to a fog ; but while the fog is admitted by everybody to be 
made up of separate globules of water, the critics of scientific method are 
sometimes apt to regard the molecules as mere fictions of the imagination. 
If, however, we could throw the molecules of a highly rarefied gas into 
such a state that vapour condensed on them, so that each became the 
centre of a water-drop, till the host of invisible molecules was, as it 
wei;e, magnified by accretion into a visible mist, surely no stronger proof 
of their reality could be desired. . Yet there is every reason to believe 
that something very like this has been accomplished by Mr. C. T. R. 
Wilson and Professor J. J. Thomson. 

It is known that it is comparatively difficult to produce a fog in damp 
air if the mixture consists of air and water-vapour alone. The presence 
of particles of very fine dust facilitates the process. It is evident that the 
vapour condenses on the dust particles and that a nucleus of some kind is 
necessary on which each drop may form. But electriBed particles also 
act as nuclei ; for if a highly charged body from which electricity is 
escaping be placed near a steam jet, the steam condenses ; and a cloud is 
also formed in dust free air more easily than would otherwise be the case 
if electricity is discharged into it. 

1901. 
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Again, according to accepted theory, when a current of electricity 
flows through a gas some of the atoms are divided into parts which 
carry positive and negative charges as they move in opposite directions, 
and unless this breaking-up occurs a gas does not conduct electricity. 
But a gas can be made a conductor merely by allowing the Rontgen rays 
or the radiation given off by uranium to fall upon it. A careful study of 
the facts shows that it is probable that some of the atoms have been 
broken up by the radiation, and that their oppositely electrified parts are 
scattered among their unaltered fellows. Such a gas is said to be 
ionised. 

Thus by these two distinct lines of argument we come to the conclu- 
sions 1st, that the presence of electiified particles promotes the forma- 
tion of mist, and 2nd, that in an ionised gas such electrified particles are 
provided by the breaking up of atoms. 

The two conclusions will mutually support each other if it can be 
shown that a mist is easily formed in ionised air. This was tested by 
Mr. Wilson, w^ho showed that in such air mist is formed as though nuclei 
were present, and thus in the cloud we have visible evidence of the 
presence of the divided atoms. If then we cannot handle the indi- 
vidual molecules we have at least some reason to believe that a method 
is known of seizing individuals, or parts of individuals, which are in a 
special state, and of wrapping other matter round them till each one is 
the centre of a discrete particle of a visible fog. 

I have purposely chosen this illustration, because the explanation is 
based on a theory — that of ionisation — which is at present subjected to 
hostile criticism. It assumes that an electrical current is nothing more 
than the movement of charges of electricity. But magnets placed near 
to an electric current tend to set themselves at right angles to its direc- 
tion ; a fact on which the construction of telegraphic instruments is based. 
Hence if the theory be true, a similar effect ought to be produced by a 
moving charge of electricity. This experiment was tried many years ago 
in the laboratory of Helmholtz by Rowland, who caused a charged disc 
to spin rapidly near a magnet. The result was in accord with thii theory ; 
the magnet moved as diough acted upon by an electric current. Of late, 
however, M. Cremieu has investigated* the matte r afresh, and has obtained 
results which, according to his interpretation, wore inconsistent with that 
of Rowland. 

M. Cr^mieu’s results are already the subject of controversy,^ and are, 
I believe, likely to be discussed in the Section of Physics. This is not the 
occasion to enter upon a critical discussion of the question' at issue, and I 
refer to it only to point out that though, if M. Cremieu’s result were 
upheld, our views as to electricity would have to be modified, the founda- 
tions of the atomic theory would not be shaken. 

^ See Phil. July 1901, p. 144 ; and Johns Ho^Jhins University Cirenlars^ 

XX. No. 162, May~iune 1901, p. 78. 
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It is, however, from the theory of ions that the most far-reaching 
speculations of science have recently received unexpected support. The 
dream that matter of all kinds will some day be proved to he funda- 
mentally the same has survived many shocks. The opinion is consistent 
with the great generalisation that the properties of elements are a 
periodic function of their atomic weights. Sir Norman Lockyer has 
long been a prominent exponent of the view that the spectra of the 
stars indicate the reduction of our so-called elements to simpler forms, 
and now Professor J. J. Thomson believes that we can break off from an 
atom a part, the mass of which is not more than one thousandth of the 
whole, and that these corpuscles, as he has named them, are the carriers 
of the negative charge in an electric current. If atoms are thu^ 
complex, not only is the a jiriori probability increased that the different 
structures which we call elements may all be built of similar bricks, but 
the discovery by Lenard that the ease with which the corpuscles 
penetrate different bodies depends only on the density of the obstacles, 
and not on their chemical constitution, is held by Professor Thomson to 
be ‘ a strong confirmation of the view that tlie atoms of the elementary 
substances are made up of simpler pai't.s, all of which an* alike.’' On 
the present occasion, however, we are occupied rather with tlie foundations 
than with these ultimate ramifications of the atomic theory : and having 
shown how wide its range is, T must, to a certain extent, retrace my steps 
and retui u to the main line of my argument. 


TIh of Afofus a ml Mo1ecuU‘>^, 

For if it b(* granted that the evidenct* that matter is coarse-grained 
and is formed of separate atoms and molecules is too strong to be resisted, 
it may still be contended that we can know little or notliing of the sizes 
and properties of the molecules. 

It must be admitted that though the fundamental postulates are 
always the same, different aspects of the theory, whicli have not in all 
cases been successfully combined, have to be developed when it is appli(*d 
to different problems ; but in spite of this there is little doubt that we 
have some fairly accurate knowledge of molecular motions and magni- 
tudes. 

If a liquid is stretched into a very thin film, such as a soap bubble, 
we should expect indications of a change in its properties wh(*n the 
thickness of the film is not a very large multiple of tlie a\ orage distance 
between two neighbouring molecules. In 1890 Sohneke - detected evi- 
dence of such a change in films of the average thickness of 106 millionths 


' For the most recent account of thivS subject see an article on ‘ Bodies smaller 
than Atoms,* by Professor J. J. Thomson in the Popular Science Mont hit/ (The 
Science Press), August 1901. 

" Wied. A7in,, 1890, xl. pp, 345-356. 
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of a millimetre (/xju), and quite recently Rudolph Weber found it in an 
oihfilm when the thickness was 115 /ir/L/.* 

Taking the ihean of these numbers and combining the results of 
different variants of the theory we may conclude that a film should 
become unstable and tend to rupture spontaneously somewhere between 
the thicknesses of 110 and 55 and Professor Reinold and I found 
by experiment that this instability is actually exhibited between the 
thicknesses of 96 and 45 There can therefore be little doubt that 

the first approach to molecular magnitudes is signalled when the thick- 
ness of a film is somewhat less than 100 /iyii, or 4 millionths of an inch. 

Thirteen years ago I had the honour of laying before the Chemical 
Society a resumd of what was then known on these subjects/^ and I must 
refer to that lecture or to the most recent edition of O. E. Meyer’s work 
on the kinetic theory of gases ^ for the evidence that various independent 
lines of argument enable us to estimate quantities very much less than 
4 millionths of an inch, which is perhaps from 500 to 1,000 times greater 
than the magnitude which, in the present state of our knowledge, we can 
best describe as the diameter of a molecule. 

Confining our attention, however, to the larger quantities, T will 
give one example to show how strong is the cumulative force of the 
evidence as to our knowledge of the magnitudes of molecular quantities. 

We have every reason to believe that though the molecules in a gas 
frequently collide with each other, yet in the case of the more perfect 
gases the time occupied in collisions is small compared with that in which 
each molecule travels undisturbed by its fellows. The average distance 
travelled between two successive encounters is called the mean free path, 
and, for the reason just given, the que.stion of the magnitude of this 
distance can be attacked without any precise knowledge of what a mole- 
cule is, or of what happens during an encounter. 

Thus the mean free path can be determined, by the aid of the theory, 
either from the viscosity of the gas or from the thermal conductivity. 
Using figures given in the latest work on the subject,'’ and dealing with 
one gas only, as a fair sample of the rest, the lengths of the mean free 
path of hydrogen as determined by these two independent methods differ 
only by about 3 per cent. Further, the mean of the values which I 
gave in the lecture already referred to differed only by about 6 per 
cent, from the best modern result, so that no great change has been intro- 
duced during the last thirteen years. 

It may, however, be argued that these concordant values are all 
obtained by means of the same theory, and that a common error may 
affect them all. In particular, some critics have of late been inclined to 

‘ Annaleri der Physik, 11)01, iv. pp. 706-721. 

2 PhU. Tram., 1893, 184, pp. 505-529. 

* Chem. Soc. Tram., liii., March 1888, pp. 222-262. 

* Kinetic Theory of Oases, 0. E. Meyer, 1899. Translated by R. E. Baynes. 

® Meyer’s Kinetic Theory of Oases (see above). 
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discredit the atomic theory by pointing out that the strong statements 
which have sometimes been made as to the equality, among themselves, 
of atbms or molecules of the same kind may not be justified, as the 
equality may be that of averages only, and be consistent with a consider- 
able variation in the sizes of individuals. 

Allowing this argument more weight than it perhaps deserves, it is 
easy to show that it cannot affect seriously our knowledge of the length 
of the mean free path. 

Professor George Darwin ^ has handled the problem of a mixture of 
unequal spherical bodies in the particular case in which the sizes are 
distributed according to the law of errors, which would involve far 
greater inequalities than can occur among atoms. Without discussing 
the precise details of his problem it is sufficient to say that in the case 
considered by him the length of the mean free path is what it 

would be if the particles were equal. Hence were the inequalities of 
atoms as great as in this extreme case, the reduction of the mean free 
path in hydrogen could only be from 185 to 110 p/i ; but they must be 
far less, and therefore the error, if any, due to this cause could not 
approach this amount. It is probably inappreciable. 

Such examples might be multiplied, but the one 1 have selected is 
perhaps sufficient to illustrate iny point, viz,, that considerable and fairly 
accurate knowledge can be obtained as to molecular quantities by the aid 
of theories the details of which are ])rovisional, and are admittedly 
capable of improvement. 


Is fhf MocM Unique ? 

But the argument that a correct result may sometimes be obtained by 
reasoning on imperfect hypotheses raises the question as to whether 
another danger may not be imminent. To be satisfactory our model 
of Nature must be unique, and it must be impossible to imagine any other 
which agrees equally well with the facts of expei’iment. If a large 
number of hypotheses could be framed with equal claims to validity, that 
fact would alone raise grave doubts as to whether it were possible to 
distinguish between the true and the false. Thus Professor Poincare has 
shown that an infinite number of dynamical explanations can be found 
for any phenomenon which satisfies certain conditions. But though this 
consideration warns us against the too ready acceptance of explanations 
of isolated phenomena, it has no weight against a theory which embraces 
so vast a number of facts as those included by the atomic theory. It does 
not follow that, because a number of solutions are all formally dynamical, 
they are therefore all equally admissible. The pressure of a gas may be 
explained as the result of a shower of blows delivered by molecules, or by 
a repulsion between the various parts of a continuous medium. Both 
solutions are expressed in dynamical language ; but one is, and the other 


’ Phil. Trans,, 180. 
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is not, compatible with the observed phenomena of expansion. The 
atomic theory must hold the field until another can be found which is not 
inferior as an explanation of the fundamental difficulties as to the consti- 
tution of matter, and is, at the same time, not less comprehensive. 

On the whole, tlien, the question as to whether we are attempting to 
solve a problem which has aTi infinite number of solutions may be put 
aside until one solution has been found which is satisfactory in all its 
details. We are in a sufficient difficulty about that to make the rivalry 
of a second of the same type very improbable. 

The Phenomena of L fe. 

But it may be asked — nay, it has been asked — may not the type of 
our theories be radically changed ? If this question does not merely imply 
a certain distrust in our own powers of reasoning, it should be supported 
by some indication of the kind of change which is conceivable. 

Perhaps the chief objection whicli can be brought against physical 
theories is that they deal only with the inanimate side of Nature, and 
largely ignore the phenomena of life. It is therefore in this direction, if 
in any, that a change of type may be expected. I do not propose to enter 
at length upon so difficult a question, but, however wo may explain or 
explain away the characteristics of life, the argument for the truth of the 
atomic theory would only be affected if it could be shown that living 
matter does not possess the thermal and mechanical properties, to account 
for which the atomic theory has been framed. This is so notoriously not 
the case that there is the gravest doubt whether life can in any way inter- 
fere with the action within the organism of the laws of matter in bulk 
belonging to the domain of mechanics, physics, and chemistry. 

Probably the most cautious opinion that could now bo expressed on 
this question is that, in spite of some outstanding difficulties wffiich have 
recently given rise to what is called Neo vitalism, there is no conclusive 
evidence that living matter can suspend or modify any of the natural laws 
which would affect it if it were to cease to live. It is possible that though 
subject to these laws the organism while living may be able to employ, or 
even to direct, their action within itself for its own benefit, just as it un- 
questionably does make use of the processes of external nature for its 
own purposes ; but if this be so, the seat of the controlling influence is so 
withdrawn from view that on the one hand its very existence may be 
denied, while, on the other hand. Professor Haeckel, following Vogt, has 
recently asserted that ‘ matter and ether are not dead, and only moved by 
extrinsic force ; but they are endowed with sensation and will ; they 
experience an inclination for condensation, a dislike for strain ; they 
strive after the one and struggle against the other.’ * 

But Ji either unproved assertions of this kind nor the more refined 
attempts that have been made by others to bring the phenomena of life 


^ Riddle of tlie Universe (English translation), 1900, p. 380, 
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and of dead matter under a common formula touch the evidence for the 
atomic theory. The question as to whether matter consists of elements 
capable of independent motion is prior to and independent of the 
further questions as to what these elements are, and whether they are 
alive or dead. 

The physicist, if he keeps to his business, asserts, as the bases of 
the atomic theory, nothing more than that he who declines to admit 
that matter consists of separate moving parts must regard many of the 
simplest phenomena as irreconcilable and unintelligible, in spite of the 
fact that means of reconciling them are known to everybody, in spite 
of the fact that the reconciling theory gives a general correlation of an 
enormous number of phenomena in every branch of science, and that the 
outstanding difficulties are connected, not so much with the fundamental 
hypotheses that matter is composed of distinguishable entities which are 
capable of separate motions as with the much more difficult proWem of 
what these entities are. 

On these grounds the physicist may believe that, though he cannot 
handle or see them, the atoms and molecules arc as real as the ice 
crystals in a cirrus cloud which he cannot reach ; as real as the unseen 
members of a meteoric swarm whose death-glow is lost in the sunshine, or 
which sweep past us, unentangled, in the night. 

If the confidence that his methods are weapons with which he can 
fight his way to the truth were taken from the scientific explorer, the 
paralysis which overcomes those who believe that they are engaged in a 
iiopeless task would fall upon him. 

Physiology has specially flourished since physiologists have believed 
that it is possible to master the physics and chemistry of the framework 
of living things, and since they have abandoned the attitude of those who 
placed in the foreground the doctrine of the vital force. To supporters of 
that doctrine the principle of life was not a hidden directing power which 
could perhaps whisper an order that the flood-gates of reservoirs of energy 
should now be opened and now closed, and could, at the most, work only 
under immutable conditions to which the living and the dead must alike 
submit. On the contrary, their vital force pervaded the organism in all 
its parts. It was an active and energetic opponent of the laws of physics 
and chemistry. It maintained its own existence not by obeying but by 
defying them ; and though destined to be finally overcome in the separate 
campaigns of which each individual living creature is the scene, yet like 
some guerilla chieftain it was defeated here only to reappear there with 
unabated confidence and apparently undiminished force. 

This attitude of mind checked the advance of knowledge. Difficulty 
could be evaded by a verbal formula of explanation which in fact ex- 
plained nothing. If the mechanical, or physical, or chemical causes of a 
phenomenon did not lie obviously upon the surface, the investigator was 
tempted to forego the toil of searching for them below ; it was easier to 
say that the vital force was the cause of the discrepancy, and that it was 
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hopeless to attempt to account for the action of a principle which was 
incomprehensible in its nature. 

For the physicist the danger is no less serious though it lies in a some- 
what different direction. At present he is checked in his theories by the 
necessity of making them agree with a comparatively small number of 
fundamental hypotheses. If this check were removed his fancy might run 
riot in the wildest speculations, which would be held to be legitimate if 
only they led to formulaj in harmony with facts. But the very habit of 
regarding the end as everything, and the means by which it was attained 
as unimportant, would prevent the discovery of those fragments of truth 
which can only be uncovered by the painful process of trying to make 
inconsistent theories agree, and using all facts, however remote, as the 
tests of our central generalisation. 

‘ Science,’ said Helmholtz, ‘ Science, whose very object it is to compre- 
hend Nature, must start with the assumption that Nature is comprehen- 
sible.' And again : ‘ The first principle of the investigator of Nature is to 
assume that Nature is intelligible to us, since otherwise it would be foolish 
to attempt the investigation at all.’ These axioms do not assume that all 
the secrets of the universe will ultimately be laid bare, but t hat a search 
for them is hopeless if we undertake the quest with the conviction that it 
will be in vain. As applied to life they do not deny that in living matter 
something may be hidden which neither physics nor chemistry can explain, 
but they assert that the action of physical and chemical forces in living bodies 
can never be understood, if at every difficulty and at every check in our 
investigations we desist from further attempts in the belief that the laws 
of physics and chemistry have been interfered with by an incomprehensible 
vital force. As applied to physics and chemistry they do not mean that 
all the phenomena of life and death will ultimately be included in some 
simple and self-sufficing mechanical theory ; they do mean that we arc not 
to sit down contented with paradoxes such as that the same thing can 
fill both a large space and a little one ; that matter can act where it is 
not, and the like, if by some reasonable hypothesis, capable of being 
tested by experiment, we can avoid the acceptance of these absurdities. 
Something will have been gained if the more obvious difficulties are 
removed, even if we have to admit that in the background there is much 
that we cannot grasp. 

The Limits of Physical Theories, 

And this brings me to my last point. It is a mistake to treat physical 
theories in general, and the atomic theory in particular, as though they 
were parts of a scheme which has failed if it leaves anything unexplained, 
which must be carried on indefinitely on exactly the same principles, 
whether the ultimate results are, or are not, repugnant to common sense. 

Physical theories begin at the surface with phenomena which directly 
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affect our senses. When they are used in the attempt to penetrate deeper 
into the secrets of Nature it is more than probable that they will meet 
with insuperable barriers, but this fact does not demonstrate that the 
fundamental assumptions are false, and the question as to whether any 
particular obstacle will be for ever insuperable can rarely be answered 
w'ith certainty. 

Those who belittle the ideas which have of late governed the advance 
of scientific theory too often assume that there is no alternative between 
the opposing assertions that atoms and the ether are mere figments of the 
scientific imagination, or that, on the other hand, a mechanical theory of 
the atoms and of the ether, which is now confessedly imperfect, would, if 
it could be perfected, give us a full and adequate representation of the 
underlying realities. 

For my own part I believe that there is a media. 

A man peering into a darkened room, and describing what he thinks 
he sees, may be right as to the general outline of the objects he discerns, 
wrong as to their nature and their precise forms. In his description fact 
and fancy may be blended, and it may be difficult to say where the one 
ends and the other begins ; but even the fancies will not be worthless if 
tliey are based on a fragment of truth, which will prevent the explorer 
from walking into a looking-glass or stumbling over the furniture. He 
who saw * men as trees walking ' had at least a perception of the funda- 
mental fact that something was in motion around him. 

And so, at the beginning of the twentieth century, we are neither 
forced to abandon the claim to have penetrated below the surface of 
Nature, nor have we, with all our searching, torn the veil of mystery 
from the world around UvS. 

The range of our speculations is limited ))oth in space and time : in 
space, for wc have no right to claim, as is sometimes done, a knowledge 
of the ‘ infinite universe ’ ; in time, for the cumulative effects of actions 
which might pass undetected in the short span of years of which we have 
knowledge, may, if continued long enough, modify our most profound 
generalisations. If some such theory as the vortex-atom theory were 
true, the faintest trace of viscosity in the primordial medium would ulti- 
mately destroy matter of every kind. It is thus a duty to state what 
we believe we know in the most cautious terms, but it is equally a duty 
not to yield to mere vague doubts as to whether we can know anything. 

If no other conception of matter is possible than that it consists 
of distinct physical units — and no other conception has been formu- 
lated which does not blur what are otherwise clear and definite out- 
lines — if it is certain, as it is, that vibrations which cannot be propagated 
by ordinary matter travel through space, the two foundations of physical 
theory are well and truly laid. It may be granted that we have not yet 
framed a consistent image either of the nature of the atoms or of the 
ether in which they exist ; but I have tried to show that in spite of the 
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tentative nature of some of our theories, in spite of many outstanding 
di^culties, the atomic theory unifies so many facts, simplifies so much 
that is complicated, that we have a right to insist— at all events till an 
equally intelligible rival hypothesis is produced — that the main structure 
of our theory is true ; that atoms are not merely helps to puzzled mathe- 
maticians, but physical realities. 
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The Dele t'mh tat ion of Ike Components of Alufjneiic Force on Board 
Ship, — Deport of the Committee, consistim/ of Professor A. \V. 
lif’CKEH (Chairman)^ l.)r. C. H. Lees (Secretary), Lord Kelvin, 
l^rofessor A. Schuster, Captain K. VV. Creak, Professor W. 
Stroud, Mr. C. Vernon Boys, and Mr. AV. Watson. 

The two instruments constructed a year ago, according to Captain 
Creak’s design, and described below were tested at Kew and found 
satisfactory. They are now on board the ‘ Discovery.’ A third instru- 
ment was ordered for use on board the German Antarctic ship ‘ Gauss,’ and 
a fourth has since been constructed and was exhibited at the Glasgow 
Meeting of the Association. 


On a New Form of Jnstrnment for observing the Magnetic IHp and 

Intensify on Board Ship at Sea, By Captain E. W. Creak, C.B.^ 
JLN, F,R.S. 

One of the principal objects of the Antarctic expedition which sailed 
last month in the ‘ Discovery ’ is to make as complete a magnetic survey 
of the regions south of the fortieth parallel of south latitude as possible. 

As the greater portion of that region is open sea, it is obvious that, 
with few chances of landing, the major portion of the survey must be 
conducted on board ship. 

Previous experience in H.M.S. ships * Erebus ’and ‘Terror’ in 1839-43 
(both wooden sailing ships) showed the serious effects of the iron in 
those ships in disturbing the magnetic instruments established on board. 
In the case of the ‘ Discovery,’ with engines, boilers, and numerous other 
iron bodies on board, magnetic observations would have been almost 
impossible but for the precautions of first choosing a place for the 
magnetic observatory in the ship and then ensuring that no iron of any 
kind should be allowed to be placed within a 30-foot radius from that 
position. 

The ship having thus been prepared, the important question of a 
reliable instrument for observing the magnetic dip and total force on 
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board oi ner arose. The only instrument hitherto used for this purpose 
has been Mr. R. W. Fox^s dip and intensity apparatus invented in 1835, 
and little or no advance made in its construction since then. It certainly 
did valuable work in tlie Antarctic Magnetic Survey carried out in the 
‘ Erebus ^ and ‘ Terror ' under Sir James Uoss, and also in the ‘ Challenger ' 
expedition of 1872-76. An examination of the work done in the 
‘ Challenger ^ under most favourable circumstances disclosed certain 
defects of a character which are quite inconsistent with the precision now 
required. 

For example the needles could not be reversed, and hence there was 
constant necessity for frequent comparisons with an absolute instrument 
on land to obtain index errors. The magnetic moments of the needles 
were liable to change with no accurate means of knowing when the 
change took place, thus vitiating the sea observations of total force 
made by the method of a constant deflecting weiglit. Again the deflect- 
ing magnets used for a second method of obtaining the total force were 
liable to changes with no means for ascertaining the period of such 
change at sea. The Fox instrument was thei-efore not suited for the 
purposes in view. 

Previous experience having shown mo the excellent values of the 
absolute horizontal force to be obtained with the Barrow’s Dip Circle 
fitted with Lloyd's needles, especially in high latitudes, I arranged for a 
series of experiments to ascertain the best methods of applying the 
principlo.s of Lloyd’s method to an instrument which could be used on a 
gimbal table on board ship. The use of needles with cylindrical axles 
resting on agate planes, either for dip or force, was impossible, and trials 
with various forms of iKM'dh's and j<nvo]s result ed in my adopting the 
forms for both in the instrument exhibited. All the needles have axles 
terminating in a '‘One with the sharp point I'ounded oft' and highly 
polished. The jewels are liielily polished sapphires fixed to the cross 
bars of the circle iii whicli conical cavities, slightly larger than the axles 
of the needles, have ]mm drilled and polisherl. The upper half of the 
jewel is removed, thus ](\'i\iiig a ciij> into which tlio axles of the needle 
can be lowered by the lift('r }irovitb‘(l. Ly this anungemeut the needles 
can he retained in place ovini wdien the gimbal table, upon which the 
instrument is placed, is subject to irregular motions, due to tliosc of the 
ship. 

With the circle thus fitted the absolute dip and total forco can be 
observed agreeably with the usual methods described in the Admiralty 
Manual of Scientiric Enquiry. 

As there might be a slight oscillation of the needle at times when the 
ship is unsteady in a seaway, 1 have arranged that tlie ends of the 
needles shall conu^ so near the graduated arc that the readings may be 
made directly by the microscopes without the use of vernmrs, as in the 
land instruments. 

To obviate friction between tlm axles of the needles and the jewels I 
have fitted a knob on the top of the circle, which should be gently rubbed 
with a circular motion of the ivory rubber provided. 

The readings of the circle may be accurately made at iiiglit by placing 
a candle at the back of the circle when the light will be reflected by the 
ivory faces of the microscopes to the graduated arc. 

The zero of the graduations on the base plate is so placed tlint when- 
ever the magnetic direction of the sliip’s head is known by a compass 
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adjacent the plane of the circle can be immediately placed in the 
magnetic meridian without the trouble of finding the meridian by the 
usual method with the circle. 

Two instruments of the kind described arci now in use in the Antarctic 
ship ‘ Discovery/ and the German expedition in the Antarctic ship ‘ Gauss ’ 
have also one with two sets of needles. 


Exi)edments for improrinfj the Construction of Practical Standards far 
Electrical Measurements. — Report of the Cominiffeey consisliia/ 
of Lord Rayleigh {Chwimw/n\ Mr. R. T. Glazebrook (SecrfUari/j, 
Lord Kelvin, Professors W. E. Ayrton, G. Carey Foster, 
J. Perry, W. G. Adams, a'nd Oliver J. Lodge, Dr. J. A. 
Muirhead, Sir W. H. Preece, Professors J. D. Everett, A. 
Schuster, J. A. Fleming, and J. J. Thomson, Mr. W N. Shaw, 
Dr. J. T. Bottomley, Rev. T. C. Fitzpatrick, Dr. G. Johnstone 
Stoney, Professor S. P. Thompson, Mr. J. Rennie, Mr. E. 11. 
Griffiths, Professors A. W. Rucker, H. L. Callendar, and 
Sir Wm. C. Rorerts Austen, and Mr. George Matthey. 

AppRNorx — jXnh' on n (oniparison of i/ic tSi I rrr tlcpoaitcd hi VoUnmetfr^i 
contivitLlng (bJlfnent dolrcnta. Jig S. SKlNNEll ..... .‘>2 

During the year a number of comparisons have been made at the Kew 
Observatory among the standard coils of the As.sociation. The temperatu* 
conditions, however, in the temporary laboratory are not sutlicientlc 
satisfactory to make it desirable to report fully on the results ; it is perhaps 
suflieient to say tliat no evidence of any very marked change in the 
relative values has shown itself. It is hoped that the coils and other 
apparatus will be moved to Bushey during the autumn. 

In the room which has been planned for their reception arrangements 
will be M.t hand for controlling the temperature, and tlie work of inter 
comparison and control of the standards can go on -as in fornn'r years at 
(/.‘imbridge. 

Meanwhile some progress has been made in the preparations for the 
construction of mcTcury standards. A numb(*r of tubes of ‘ verre dur ’ 
have been examined, and some of these have been calibrated ; when the 
apparatus is set up at Bushey his work will go forward rapidly. There 
has also been during the year some demand for thi^ issue of standards of 
capacity : this it h.as not been possible to comply with, but the air con- 
densers will bo set up again as soon as possible, and then capacity tests 
can be made. 

With regard to platinum thermometry, Mr. Matthey supplied the 
Committee with a further .specimen of wire, for which lie had made a 
large stock. This was tested carefully, both at Kew and under Mr. Griffiths’ 
directions, by Mr. Green at Cambridge, and the values found for the 
constants were as under : 

S=l-495±'005 

The wire has proved in every way satisfactory, and the money voted 
to this Committee last year (45Z.) has been spent in purchasing it. 
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Mr. Matthey, however, is retaining for the present, for the use of the 
Committee, some more of the wire, and it is, in their opinion, desirable 
that they should purchase it also. It is essential for the success of the 
scheme approved by the Committee at their last meeting that they should 
have a sufficient stock of the wire for a very long period, and they are 
anxious not to lose the present opportunity of acquiring such a stock. 

Expense will also be incurred in the preparation of the mercury 
standards. 

The illness and death during the year of Professor Viriamu Jones 
have prevented any great progress being made with the ampere balance. 
Some part of the apparatus, however, has been constructed, and is in 
Professor Ayrton’s hands, and the Committee have good hopes that 
further progress may be reported shortly. 

The Committee desire to put on record their sense of the loss which 
Physical Science has suffered by the deaths of Professors J. V. Jones and 
G. F. FitzGerald, who for many years had been members of the Committee, 
and had contributed in a marked degree to its work ; and by that of 
Professor Rowland, whose redetermination of the absolute value of the 
B.A. unit was practically the starting-point of the work of the present 
Committee. Professor Rowland had on more than one occasion been a 
valued visitor at meetings of the Committee. 

A paper by Mr. Skinner on a pyridine voltameter is printed as an 
appendix. Professor Callendar’s paper on the variation of the specific 
heat of water is closely connected with the work of the Committee. 

In conclusion, the Committee recommend that they be reappointed, 
nth a grant of 50/. ; that TiOrd Rayleigh be Cbaii’inaii, and Mr, R. T. Glaze- 
,.>rook Secretary. 


APPENDIX. 

Note on a C omparison of the Silver deposited in Voltameters containvny 
different Solvents. By S. Skinner, M.A.^ Demonstrator of Experi- 
mental Physics, Cambridge. 

In 1892 Schuster and Crossley ^ showed that when the same current 
is passed through two silver voltameters containing silver nitrate in 
aqueous solution, one voltameter in a vacuum and the other in air, about 
OT per cent, more silver was deposited in the vacuum than in air. 
This result was confirmed by Myers. These results clearly prove that 
there is an uncertainty in the action of the silver voltameter depending 
on the presence of air or oxygen, and consequently on the freshness of 
the solution. Werner ^ found that a silver nitrate solution in pyridine 
gives by the rise in the boiling-point of the solvent a nearly normal mole- 
cular weight for the salt ; and Kahlenberg ^ found that the solution was 
an electrolyte, and could be used in the silver voltameter ; but that, 
contrary to what follows, more silver was deposited from aqueous solution 
than from pyridine solution by the same current. In the following 
experiments a comparison has been made of the deposits produced by the 

* Proe. R.S., 60, p. 344. ” Annalen, 65, p, 288. 

® Zeits. Anorg. Chem., 1897, 16, p. 23. Journ, Physical Chem., 1900, p. 349. 
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same currfent in silver voltameters containing aqueous and pyridine solu- 
tions of silver nitrate. 

The platinum bowls used are those numbered T. and V. in the paper 
on the Measurement of the Electromotive Force of the Clark Cell ^ by 
Mr. Glazebrook and myself. The anode for bowl I. was a silver disc, 
5 cm. in diameter, hung by a silver rod, and a silver cylinder was used 
for bowl Y. The dimensions of the bowls ai-e given in the paper men- 
tioned above. 100 c.c. of solution was used in each case, and the pyridine 
solution contained 10 per cent, of silver nitrate, whilst the aqueous 
solution contained, as usual, 15 per cent, of the salt. 

The areas of the exposed surfaces were approximately as follows : — 

Bowl I. Bowl W 

Cathode surface . . 75 sq. cm. (>7 sq. cm. 

Anode surface . . 19*6 sq. cm. 18 sq. cm. 

The conditions of current density in the two bowls may be regarded 
as practically identical. 

The deposit of silver from the aqueous solution was crystalline, and 
the character of the crystals appeared to vary with the current density. 
The deposit was washed by standing in distilled water for several hours 
and dried over an alcohol flame. The deposit from the pyridine solution 
is continuous, and forms a hard coating : it is washed with water in which 
both pyridine and silver nitrate are soluble. It is sometimes slightly 
coloured, but on drying becomes white. On further heating over the alcohol 
flame it develops a pearly lustre, and in this condition it has been weighed. 

A Western ampere meter was included in the same circuit, and 
served to indicate the constancy of the current. The reading of the 
ampere meter is given in the second column of the table. The variations 
of the current were very small. In the table the result of every experi- 
ment which I have made is given. 


Date 

Current by Weight deposited, Weight dex>ORited 
Weston 1 from ! from 

Difference 

in 

j Percentage 

1 Difference 

; Notes 

1 


Meter 

Pyridine Solution^ Aqueous Solution Milligrammes 

Aug. 15 

0-07 

•8115 

•8105 1 

1*0 

•121 


„ l(i 

0*076 

*8{;96 

•8085 ; 

1*0 

•115 


» 14 

0*13 

1*2()G5 

1*2625 

40 

; *318 

{<■) : 


()*253 

■78(J5 

*7820 

4*5 

1 *575 

» 21 
» 0.: 

0*255 

2*2795 

2*2730 

65 

' *30 


0*3G8 

1*1390 

1*1340 1 

5*0 

*44 


12; 

0 375 

*9030 

•9600 i 

3*() 

•41 

(^) 

» 10; 

0*415 

1*4225 

1-4200 1 

2 5 

! *276 

(P) 

,, 10 

0*52 

2*0010 

1*9982 ! 

2*8 

*14 

M 20, 

1*00 

2*0180 

2 0165 j 

2*5 

; *12 

\ 

Total deposits . 

13-6570 

13*6242 j 

32*8 

1 *24 

1 


(a) and (h ). — In these two experiments the aqueous solution was in a partial 
vacuum (8 cm. pressure), and *1 per cent, has been added to the percentage dillerence 
to make them comparable with the other experiments. 

((?). — Fresh solutions were used in this experiment, and the same solutions were 
used on all subsequent dates. A few particles of silver were lost from the aqueous 
voltameter in this experiment, August 14. 

The first result of these experiments is clearly that all the deposits 
' mi. Tram.^ 1892, A. 


1901. 


D 
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from the pyridine solutions weigh more than those from the aqueous 
solutions. 

In the measurements of the E.M.F. of the Clark cell by Mr. Glaze- 
brook and myself the same current was sent through two systems of 
silver voltameters in series, and 15*5123 grammes were deposited in the 
bowls which received the greater deposits, as against 15*505.5 grammes in 
those which gained the smaller deposits. This gives a mean percentage 
difference of *044, which may be compared with the mean percentage 
difference of *24 in the pnjsent experiments. It is obvious that this 
difference is of a much higher order, but this difference is a mean of 
experiments which differ much more between themselv / On that 
account I think it is better to discuss the experiments i», groups. The 
experiments divide themselves roughly into two groups. There is, first, 
a group consisting of those in which the current was about *07 ampere and 
from *5 to 1 ampere. This contains the extremes as regards current, and 
in it the mean percentage difference would be just over *1 per cent. So 
that for these values of current the deposit from pyridine would weigh 
almost the same as Schuster and Orossley found for a vacuum, which, it 
will be remembered, was *1 per cent, higher than in air. 

The second group consists of those experiments in which the current 
value lies between *13 and *41 ampere, and here the mean percentage 
difference is mucli larger, i.e., *38. Over this range one of the deposits 
seems to be uncertain, and I think these experiments may be considered 
to indicate that between these values of current in the given bowls one 
of the two voltameters is irregular in its action. The character of the 
silver crystals appeared to be variable, whilst the hard film of silver from 
t{ie pyridine solution had always the same texture. The aqueous volta- 
meter seemed to work best with the large currents *5 to 1 ampere when 
the crystals were small, hard, and closely packed. At the lower values of 
current the silver crystals were thin, long, and friable. At the lowest 
value they were again small and hard. One explanation of the variation 
may be that particles of silver are more easily lost during the washing, 
when the crystals are of the second character. 

Conclusions : — 

(1) That Faraday’s law holds to within ‘24 per cent, in the mean for 
silver nitrate when dissolved in two different solvents. 

(2) That for current values of *07 and *5 to 1 ampere in the given 
bowls the amount of silver deposited from a pyridine solution of silver 
nitrate is nearly the same as that deposited from an aqueous solution in a 
vacuum. 

(3) That for current values between *1 and *5 ampere more silver is 
obtained in the pyridine voltameter than in the aqueous voltameter. 


Note on the Varudion of the Sperijlc Heat of Water. 

B}/ Prolessor H. L. C/VLLKndak, F.B.S. 

[Ordered by the (nmeral Committee to ])e printed i/i e-rtnifio.} 

The method adopted for determining the variation of the specific heat of 
water was described and the apparatus exhibited at the Toronto Meeting 
of the British Association,^ and the results up to a temperature of 60° C. 

* JJ.A, Jteji.y 1897. 
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Were given in a preliminary note communicated to Section A at the 
Dover Meeting.^ The final results were communicated to the Royal 
Society in June 1900,^ and are now in course of publication in the ‘ Phil. 
Trans.’ The object of the following note is to discuss one or two minor 
corrections and reductions which have been suggested. 

Values below 20°. 

At the Dover Meeting of the British Association it was stated that 
the observations agreed very perfectly on the average with Rowland’s 
from 5° to 35°, but indicated .a slightly more rapid change near the 
freezing-point. This change required further verification, and was not 
included in the formuhe then suggested. Subsequent observations have 
confirmed this effect, which may be represented within the limits of 
probable error by the addition of another term to the formula below 
20° C. The formula given in 1899 for the specific heat s at any tempera- 
ture t between 0° and 60° was as follows : — 

s=-9982 + *0000045 (^-40)2 . . . (1) 

Below 20° the formula should read : 

6f=*9982-f ‘0000045 40)2 -‘0000005 (|{-■20)3 . (2) 

This formula agrees with the curve and with the correction to the total 
heat h of the liquid given in the note in the ‘ British Association Report,’ 
1899. Values calculated by these forraulie are given in Table II. in the 
column headed B.A. 1899. 

The quantity actually observed by Rowland was the total lieat o 
the liquid from the starting point of each experiment. The following 
table shows the close agreement of his results with this formula : — 


Table I.— Values of Total Heat of Water, 5°-35°. 


Temperature. 

Pormulm (1} and (‘2). 

Rowland. 

o 

6 

6-037 

6-027 

K) 

1005G 

10 058 

J') 

150G5 1 

15 068 

20 

20-0G8 

20-071 1 

25 

250G.5 

25-OG7 1 

20 

200G0 

1 30-057 i 

35 ; 

:J5052 

1 25-052 j 


Results above 60°. 

In the ‘British Association Report,’ 1899, Regnault’s formula was 
adopted for the variation above 60°, modified by subtracting a constant 
quantity *0056, to make it fit w’ith formula (1) at 60°, and to reconcile 
his results with those of Reynolds and Moorby. We thus obtain 

5=0*9944 -f0*00004i5-f‘0000009^' ... (3) 

Subsequently to the Dover Meeting Dr. Barnes succeeded in obtaining 
» B.A. Itc])., 1809. * Proc. ILS., 1900, 

D 2 
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five or si3t results at points between 66® and 92®, which are represented 
within one part in 10,000 by the linear formula 

s=l + -00014(^-60) .... (4) 

This formula gives a value nearly 1 in 1,000 lower than (3) at 90®, 
but it cannot be reconciled with Regnault^s observations between 110® 
and 190® 0., and it would therefore probably be better to retain (3), 
since it is likely that the specific heat would increase more rapidly at 
high temperatures. 

Altlioiigh the actual observations at these higher points agree witli 
formula (4) much more closely than 1 in 1,000 it is conceivable that they 
might contain a constant error of this order at 90^. 

More complicated formuhe are given by Dr. Barnes,^ but since the 
whole variation of the specific heat is so small it does not seem worth 
while to change the simpler formulae already published in the ‘ British 
Association Report,’ 1899, which represent the observations equally well. 

Comparison with Liidin, 

The results of the observations of Liidin by the method of mixtures 
are given in Ta))le It. for comparison. They agree very well below 20®, but 
snow a minimum at 25® C. Above this point they increase rapidly to a 
maximum at 85° C., which is 1 per cent, greater than the value found by 
Barnes when expressed in terms of the same unit. This rapid increase 
may possibly be explained by radiation error from the hot-water supply, 
Th^ subsequent diminution between 85® and 100® may be due to 
vaporation of the boiling water on its way to tlie calorimeter. These 
.^iTors are peculiar to the method of mixtures, and are completely 
eliminated in the electrical method. Moreover, the quantity measured 
in the method of mixtures is not the actual specific heat at the higher 
limit tj but the mean specific heat between t and the temperature of the 
calorimeter. The values of the actual specific heat at which depend on 
differentiating the curve of mean specific heat, are thus rendered 
extremely uncertain near the extremities of the range. The electrical 
method avoids this uncertainty, since it directly measures the rise of 
temperature produced by the same quantity of energy at different points 
of the scale. 

Correction for Variation of Temperature Gradient in the Flow-tnhe, 

If E is the difference of electric potential in volts between the ends 
of the conductor ; 

C, the current in amptjres through it ; 

J, the number, of joules required to raise 1 gramme of water 1° C. 
at the mean temperature of the experiment ; 

Q, the water- flow in grammes per second ; 

U, tlie rise of temperature ; 

hU, the loss of heat by radiation, tkc., in joules per second, 
we have the simple equation 

EC:^JQd4.A0 .... (5) 

If we assume that the heat-loss /i0 is the same for two different flows, 
provided that the electrical current is regulated so as to secure the same 

> Prae.Jif^, 1900. 
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final rise of temperature 0^ we can easily eliminate h and find .7. When 
the flow is large, the heat loss /iJ is a small fraction, 1 or 2 per cent., of 
the whole. The gradient of temperature in the flow- tube is then nearly 
constant, but diminishes slightly as the temperature risfs, owing to 
increased rate of loss of heat. With smaller flows this effect increases, 
as the magnitude of the loss Ad becomes greater in proportion to the 
whole. There is therefore a small systematic variation in the tempera- 
ture distribution when the flow is changed, which may be calculated from 
the differential equation representing the conditions of heat-loss and 
supply. The effect can be represented by adding to equation (h) a term 
ll/i‘'^d/25 JQ, in which the numerical factor 11/25 depends on the relative 
dimensions of the tubes of the calorimeter employed. At a temperature 
of 30® C. h is 2 per cent, of JQ for the larger flows, and the correction 
amounts to only 2 or 3 parts in 10,000. Dr. Barnes observed that the 
results deduced from the smaller Hows difhirod systematically from those 
given by the larger flows, but the differences were so small that he 
thought they might be due to accidental errors of observation or some 
defect of the method. 1 find, however, that these small systematic diff er- 
ences are almost exactly accounted for by the correction in question. This 
is an excellent verification of the accuracy of the work. The importance 
of the correction arises from the fact that the heat-loss increases nearly 
as the fourth power of the absolute temperature, and the coiTection itself 
increases as the square of the heat-loss. Although practically negligible 
at ordinary temperatures, it readies one part in 1,000 at the higher 
points. The results published in the ‘ Proc. li.S,,’ 1900, must be corrected 
for this source of error. The corrected values are given in column (1) of 
Table IT. 


Reduction to the Hfjdrogen Scale, 

The observations were all taken directly with standard platinum ther- 
mometers, and the temperatures were reduced by means of the difference 
formula 

(«-100);T 0,000 ... (6) 

This gives a perfectly definite scale of temperature, which agrees very 
closely, according to the observations of Callendar and Clriffitlis,^ with 
that of the constant-pressure air-thermometer. It is really preferable 
and express the results in terms of this scale, which has the advantage 
that it can be reproduced with much greater accuracy than is attainable 
in gas-thermometry. If, howcwcr, we assume that it coincides with the 
scale of the air-thermometer, it would be desirable to reduce the results 
to the hydrogen scale, as being a closer approach to the absolute thermo- 
dynamic scale. 

Ill making this reduction it would be most natural to assume the well- 
known formula for the difference between the nitrogen and hydrogen 
scales given by Chappuis, and quoted by Guillaume and other authorities : 

^„~i;^^=:^(«-100)(-fG-318-h0-00889^~0-001323^2)xl0-^’‘ . . (7) 

This has been done by Griffiths,*^ who gives a table of our results so 
reduced. There are, however, one or two objections to be considered. 
(1) The formula of Chappuis makes the differences negative be- 

tween 80® and 100®, so that the correction to the specific heat changes 
from —2 in 10,000 at 80® to -f 6 in 10,000 at 100®. Chappuis himself 
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considers this impossible, and has recently ^ proposed an emended curve, 
which would alter the correction by nearly one part in 1,000 at 100°, 
(2) The experiments of Chappuis refer to the constant-volume nitrogen- 
thermometer at one metre of mercury initial pressure, whereas the 
difference- formula is assumed to refer to the constant-pressure air- ther- 
mometer at 76 cm. pressure. The correction in the latter case is quite 
different, so that we should not assume Chappuis’ results for the reduction. 
On the whole we shall probably be nearest the truth if we calculate the 
correction for the scale of the constant -pressure air-thermometer from 
the observations of Joule and Thomson ^ by the method which I have 
explained in ‘ Proc. Phys. Soc.,’ March 19Q1. It happens that the 
correction to the results, when calculated in this manner, is very nearly 
equal and opposite to that already given for the variation of the 
temperature-gradient in the flow-tube, so that if both corrections are 
applied the results are practically unchanged. It must be remembered, 
however, that one of these corrections is certain and obligatory, whereas 
the other is to a great extent a matter of taste. It would really be 
more scientific to omit the uncertain reduction to the hydrogen scale. 

The value of the difference coellicient 1 *50 in formula? 6 is calculated, 
assuming the boiling-point of sulphur to be 444°*5, on the scale of the con- 
stant-pressure air-thermometer. If we took the boiling-point of sulphur 
to be 445° ’2 (as determined by Harker and Chappuis with a constant- 
volume nitrogen-thermometer at 560 mm. initial pressure), we should 
find d=l‘54. This would make a difference of 4 in 10,000 in the values 
of the specific heat at 0° and 100°. But the correction from the constant- 
\;olume nitrogen scale would be much smaller, so that, by a curious 
coincidence, the final results reduced to the hydrogen scale would be 
almost identical with those already given. 


T\BriE II. — Variation of Specific Heat of Water in ierma of a TJnit at 20° C\ 


1 Tempera- i B.S. l‘.)00 

Redncecl to 

13. A. Report, 

Liidin, 1895 

1 ture 

Corrected 

11 Scale 

18'.)9 

0 

1-0080 

1-0084 

1-0094 

1 0084 

f) 

1-0052 

1 0055 

1 -0054 

1-0051 

10 

10(/29 

1 0031 

1 0027 

1 0026 

15 

1-0011 

1 0012 

1-0011 

1-0009 

20 

1-0000 

1-0000 

: 0000 

l-OOOO 

25 

•9991 

•9991 

•9992 

•9998 

:jo 

•9987 

•9986 

•9987 

•9999 

;i5 

•9986 

•9984 

•9983 

1-0006 

40 

•9986 

•9984 

•9982 

1-0017 

45 

•9988 

-9986 i 

*9983 

1-0030 

50 

•9998 

•9989 

•9987 

1-0016 

55 

•9998 

'9994 1 

1 -9992 

1-0063 

GO 

10005 

1-0000 

1-0000 

1-0079 

65 

10011 

1-0006 

1-0008 

1-0094 

70 

1-0018 

1-0013 

1-0016 

1-0109 

75 

1-0034 

10020 

1-0024 

1-0123 

HO 

1-0083 

1-0027 

1-0033 

1 0181 

85 

10040 

1-0034 

1 0043 

1-0137 

90 

1-0048 

10041 

1-0058 

1-0136 

95 

1-0055 

1-0048 

1-0063 

1-0129 

100 

1-0062 

1-0065 

1-0074 

1-0117 


> Phil, 1900 
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Itadiaiion in a Magnetic Field, — Report of the Committee, consisting of 
the late Professor G. F. FitzGerald (Chairman), Professor W. E. 

Thrift (Secretarif), Professor A. Sciir sTER, J^rincipal O. J. 
Lodge, Professor S. P. Thompson, Dr. Gerald Molloy, and Dr. 
W. E. Adeney. 

The Committee have to refer with feelings of the deepest regret to the 
death of th('-ir Chairman, Professor (1. F. FitzGerald, and acknowledge 
that their work has been much impaired by the loss they have sustained. 

That work seemed twofold : in the first place, to obtain specimen 
prints and ■ ; In ■ ' t of the negatives left by Preston, in order to 
consider the advisability of publishing them ; in the second place, to 
study the negatives and measure the separations of the various lines. 

Nineteen of these negatives are interesting, viz., ten of iron, five of 
cadmium and zinc, two of magnesium, one of strontium, and one of nickel, 
but their value is much lessened because no information is obtainable 
concerning the corresponding strength of the magnetic field. However, 
from their examination of the specimen prints and enlargements which 
they have obtained, the Committee conclude that it would be desirable 
to publish prints of some, at least, of the negatives. They are interesting 
on account of their jiriority as photographic records of the effect of a 
magmatic field upon the spectral lines, and on account of the clearness with 
which they exhibit the effect, both in its normal and in many anomalous 
forms ; and the information derivable from them would tlius become 
availalile to all. The Committee, therefore, recommend their publication, 
and ask for reappointment, with a grant of 1 5/., in order to carry tliis ' 
recommendation into effect. 

The work of measuring the negatives has been confined to preliminary 
investigations on the degree of accuracy attainable, and to some observa- 
tions on the iron spectrum. With the instrument used by Sir Robert 
Ball and Dr. Rambaut for measuring star photographs it was possible by 
special arrangements to measure, in general, to 0*006 tenth metre. This 

would imply that the resulting values of ' , for example, 25*8 x 10^, are 

iA/\ 

\2 

accurate to 0*2 or 0*3. But the calculated values of for the lines, 

observed so far, show such variety that the verification for iron of the 
law demonstrated by Preston for cadmium, zinc, and magnesium seems 
most improbable at prc*sent. 

Several anomalous lines have been observed, particularly the quintet 
at 3743*51. 

No unaffected lino.s have been met with ; those which are not split 
up into separate components are much broadened. 

hiterfcrence and. Rolarisafion of Fire trio TFrA?*cs. 
liy Professor Dr. G. Quinc'KE. 

[Ordered by the General Committee to bo i)rinted i/i extenso.^ 

In the Physical Laboratory of the University of Heidelberg Dr. August 
Becker has measured the wave-lengths of electric vibrations in inter- 
ference-tubes with two branches or in T-shaped tubes of the form which 
Professor Quincke used for acoustical researches. 

The maxima and minima of the waves have been observed by means 
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of a coherer in air, and in diflferent fluid or solid dielectrics. Through 
interference* tubes with two branches only those vibrations are transmitted 
which are parallel to the plane of the branches, and of a wave-length 
equal to 1-6 the diameter of the tube. Such an interference-tube repre- 
sents for electric waves a Nicol prism or a coloured glass plate for optical 
waves. Wave-length or velocity inside the interference-tubes is about 
of the wave-length or velocity outside in the free air. The ratio of the 
wave-length in air and in fluids gives s/k^ k being the specific inductive 
capacity of the fluid. 


Invefitigailons. — Sixth Report of the Committee, consisting 
of Professor J. W. Judd {Chamnan), Mr. J. Milne (Secretary), 
Lord Kelvin, Professor T. G. Bonney, Mr. C. Y. Boys, Professor 
6. H. Darwin, Mr. Horace Darwin, Major L. Darwin, Professor 
J. A. Ewing, Professor 0. G. Knott, JVofessor 11. Meldola, Mr. 
R. D. Oldham, Professor J. Perry, lsh \ W. E. Plummer, Pro- 
fessor J. H. PoYNTiNG, Mr. Clement Heid, Mr. Nelson Richard- 
son, and Professor IT. H. Turner. 
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I. On Seismological Stations abroad and in Great Britain. 

Seismographs of the type recommended by the Seisinological Investiga- 
tion Committee of the British Association have been constructed for and 
in most instances are already established at the following stations : — 


♦1. Africa. 

♦2. „ 

3. Australia 

4. „ 

5 . „ 

*6. Canada 
*7. 

8. Ceylon 
*0. England 
* 10 . 

* 11 . 

AO., ,, 

12. Germany 

13. Honolulu 
•14. India 
*16. „ 

16. „ 

♦17. 

*18. Java 
*19. Japan 


Cape Town. 

Cairo. 

Alelbourne. 

Sydney. 

AVestern Australia. 
Toronto. 

Victoria, B.C. 
Colombo. 

Shide, Isle of Wight. 
Kew. 

Bidston. 

ShMssburg. 

Calcutta. 

Madras, Kodaikanal. 

„ Jugga Row. 
Bombay. 

Batavia. 

Tokio. 


♦20. Mauritius . 

21. Mexico 

22. \ New Zealand (2 

23. J instruments) 

24. Portugal . 

26. Russia 
26. „ 

27. 

*28. Scotland . 

20 . 

*30. S. America 
31. 

*32. Spain 
.33. Syria 

34. Trinidad. 

35. U.S. of America 


Royal Alfred Ob- 
servatory. 
Mexico. 

Wellington (2 in- 
struments). 
Coimbra. 

Irkutsk. 

Tiflis. 

Taschkent. 

Edinburgh. 

Paisley. 

Cordova. 

Arequipa. 

San Fernando. 
Beyrut. 

Philadelphia. 

Baltimore. 
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The last instrument constructed is in charge of Mr. L. Bernacchi, of 
the ss. ‘ Discovery.' If possible it is to be used in the Antarctic llegions. 
Continuous records have been received from stations marked with an 
asterisk, whilst Mexico, New Zealand, Trinidad, Philadelphia, and Balti- 
more have sent occasional records. 

The last registers issued by the British Association Committee are 
Circulars Nos. 2 and 3. These refer to Shide, Kew, Toronto, Victoria, B.C., 
San Fernando, Cairo, Cape Town, IMauritius, Calcutta, Bombay, Kodai- 
kanal, Batavia, and Cordova. Tliesc are complete up to the end of 
December 1900, excepting for Cordova (Circular No. 2), the entries for 
which end on June 21, 1900. 

The instruments now in use at the Shide station are : — 

1. A photographic recording horizontal pendulum oriented North and 
South. I'his is the type of instrument similar to those at other stations. 

2. A pair of pendulums similar to tln^ abovcj oriented North-South 
and East- West. This instrument was kindly presented to your Secretary 
by M r, A. F. Yarrow. 

3. A pair of horizontal pendulums writing on smoked paper. These 
have arms 14 inches in length, and each carries a 10 lb. weight. 

4. A pair of horizontal pendulums also writing on smoked paper 
The arms are 9 feet in length, and eacli weighs about 100 lb. This and 
instrument No. 3 give open diagrams. 

5. A simple spiral spring seismograph for vertical motion. Becord 
photographic. 

6. A large balance arranged to show tilting. 


Anahjsoti of Ilea n'lh for 1000. 

An analysis of the earthquakes recorded during the year 1900, similar 
in character to that given in the Fifth Report issued by your Committee 
for the records of the previous year, is in progress. Its length precludes 
it from appearing in these reports. 


On the A})]n’ 0 .vim((te Frequency of Earthquakes at different Stations. 

In the following table the large numerals to the right of or beneath 
the name of a given station indicate the actual number of disturbances 
recorded at that station during given intervals of time. For all stations, 
excepting three, these intervals are the years 1899 and 1900. The three 
exceptions are Cairo, for which the interval is tho year 1900 ; Calcutta, 
from July to December 1900 ; and Cordova, from January to June 1900. 
Inasmuch as at all stations, for a variety of reasons, there have been 
interruptions in the continuity of observations, these time intervals must 
only be regarded as approximations. As it is difficult in the case of 
certain minute disturbances to determine whetlier these have a seismic 
origin or are due to some other cause, tho large numerals are only approxi- 
mations. 

The small numerals to the right or left of a large numeral give 
the percentage of the earthquakes recorded at the station to which it refers, 
which are common to the registers of the other stations. For example, out 
of 210 records at Shide, 58 per cent, of them were also noted at Kew, and 
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40 per cent, at one or more stations in Europe.^ These latter refer to 
Strassburg, Hamburg, Laibach, Trieste, or observatories in Italy. 
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From what has been said it is clear that results indicated by the 
above table are, wlien we have at our disposal materials more definite in 
character, open to niodificatioji. 

Numerous records, as at Bhide (210) and Kew (220), may indicate 
^nat in the examination of th(' record-receiving films, in certain instances, 
minute disturbances have been wrongly accepted as having a seismic origin. 
The high number of records accredited to J3atavia may partly be accounted 
for by the fact that at that place there are many local shocks the eliects 
of which have not been appreciable at distant stations. That the per- 
centage of the Shide records noted at other stations is, in all instances but 
one, greater than the percentage of the Kew records at corresponding 
stations (see the first two horizontal lines in the table) indicates that 
either the Kew instrument or the ground on which it rests is loss sensi- 
tive to seismic influences than the instrument or the ground at Shide. 
A similar conclusion is arrived at if w(i inspi^ct the two vertical sets of 
entries beneath the names of these two stations. 

The fewness of the Ban Fernando and Bombay records, and the large 
percentage of these which are found at other stations, may indicate that 
at these stations disturbing influences non-recognisablo as seismic but 
rarely occur. For Cairo and Calcutta not oidy are the records few in 
number, but the f)orLoni!igfs of these common to other stations are also 
low. The explanation of this probably rests on the fact that these two 
stations are installed upon alluvium. At Ban Fernando and Bombay, 
where the installations are upon hard materials, although the records are 
not numerous, the percentages of these recognised at other stations are 
high. If this is correct we have hero the reverse of what occurs in the 
case of earthquake motion that can be felt, the motion being greatest 
upon the alluvium, and least upon the harder strata. 

The low percentages corresponding to the Cordova records may bo 
accounted for by the supposition that many of its entries refer to shocks 

* See footnote to p, 47. 
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which do not reach distant stations. Although a list might be made of 
earthquakes recorded at the European stations here considered, but not 
at the thirteen widely separated stations indicated in the above table, 
an inspection of this table shows the converse to be equally true, there 
having been many earthquakes recorded in the south of South America, 
on the east and west of North America, in South Spain, and in Great 
Britain which have apparently escaped record in Central Europe. 

In connection with this subject attention may bo drawn to the list of 
earthquakes on pp. 44-46. As this list has been drawn up with great care, 
it may be taken for granted that all entries which refer to approximately 
the same times represent seismic disturbances. The larger of these will 
have been recorded at distant stations. To determine whether this is 
true for the smaller records observers are asked to make n close inspection 
of their photographic traces. 

Ex])erin tents ui^on Piers . — At the end of INIarch Professor H. IT. Turner, 
E.R.kS., visited Shide, where, in conjunction with your Secretary, he 
measured the stiffness of various piers employed to carry seismographs. 
To make a measure of this description a rope was tied round the column 
to be tested about 2 inches from its top. A spring balance was attached 
to this, and a pull of from 5 to oO lb. was ex(‘rted, with the result that the 
column was deflected. These deflections w('re measured by an astro- 
nomical level standing on the column, and in certain instunces also by 
the detl(»ction of the boom of horizontal })(;ndulums. The stiffest column 
tested was a 12-ineh earthenware drain pipe, 3 feet in length. The appa- 
rent deflection was per one-pound pull. A brick column 6 feet in ' 

heiglit, and in cross-section 3 feet by 1 foot G inches, had per lb. pull r 
deflection angle in directions parallel to its sides of 0"*192 and 0 '*05, the 
latter referring to its greatest width. 

II. O^t E(trth(piake Records ohtaiited at Stations on different Geological 
Format unis . — The records referred to in tliis note were obtained at Kew, 
Shide, Bidston, and Edinburgh. The instruments used were Milne 
horizontal pendulums with photographic recording apparatus. They were 
similarly installed, and, so far as it has been practical, were kept with 
similar adjustments. The geological formations at these four stations may 
be briefly described as follows : — 

Kew . — Thick alluvial deposits of the Thames Valley, which in their 
upper ]>arts at least, are saturated with wat(*r. 

Shide . — Here the pier carrying the instrument rests upon ilie dis- 
integrated outcrop of beds of chalk wliich form the east and west backbone 
of the Isle of Wight. These beds plunge at a steep angle, to rise again as 
a series of chalk downs to the north of the Solent beyond Portsmouth. 

Bidston . — The Observatory at Bidston is situated on New Bed sand- 
stone. 

Edinburgh . — Blackford Hill, on which the Tloyal Observatory is 
situated, is a great sheet of ‘ felstone ^ or porphyrite of PabTOzoic age. 

The records obtained from these stations are as follows : — 
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liecords obtained from similar Horizontal Penduluvcdvi>t Kere, Shidct Bidston^ and Edinlurgli—conimue^. 
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Eartltquake Frequency, — As it is possible that an entry which only 
refers to one station and does not appear to have been noticed in Europe 
may not have had a seismic origin, in the summation of the above lists 
such entries have been omitted. Adopting this precaution, the number 
of earthquake records obtained at the different stations are as follows ; — 
llidston, 33 or 36 ; »Shide, 31 or 33 ; Kew, 26 ; Edinburgh, 21 .^ 
Earthquake Duration , — In summing up the total number of minutes 
daring which the pendulums have been moved, only the fourteen earth- 
quakes are considered which were recorded or might have been recorded 
at the four stations. The results in minutes arc as follows : — Bidston, 919 ; 
Shide, 887 ; Edinburgh, 825 ; Kew, 761 . 

Accuracy In the Ohserration of Thtm of Commencmimits , — The greatest 
possible difference in time we should consider likely to exist between the 
commencement of movement for a given earthquake at two stations would 
be for disturbances travelling in a northerly or southerly direction between 
Shide or Kew and Edinburgh, and this could not be expected to exceed 
live minutes. Between Shide and Kew there might be a difference of 
one minute, whilst between Bidston and the remaining stations the 
differences should not exceed two and a half minutes. Jn the columns 
relating to these differences the zero indicates the station at which motion 
was first recorded. The minutes which elapsed before the same dis- 
turbance was noted at the remaining stations are indicated by numerals 
to the right or left of the zero. 

A minus sign following one of these numerals indicates that the time . 
interval exceeds the expected interval, whilst a plus sign indicates tha" 
the nummal is a possible quantity. Eor the second entry the four minr 
signs indicate that there are not even two entries which are comparabl' 
In the third entry for February 15, Edinburgh and Bidston, like 
Edinburgh and Kew, are possible figures, and therefore these three 
stations are credited with a plus. 
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* 74 per cent, of the Shide records are common to Kew, and 88 per cent, of the 
Kew records are common to Shide. See pp. 42, 43. 
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Proceeding in this manner, we find that out of the eleven earthquakes 
considered, the number of commencements which may approximate to 
correctness are as follows : — Kew, 8 ; Edinburgh, 8 ; Shide, 6 ; Bidston, 4. 

In considering these results it must be remembered that the earth- 
quakes considered are for the most part small, and the difficulty of accu- 
rately l: a small seismogram is greater than when analysing one 

that is large. 

Amplitudes , — For seven earthquakes the sum of the amplitudes of 
motion reckoned in millimetres at the four stations are as follows : — 
Shide, 17*3; Bidston, 14*7; Edinburgh, 12*8; Kew, 12*1. Assuming 
that these displacements represent tiltings, which is improbable, the 
results are as follows : — Kew, 9"*8 ; Shide, 8"'0 ; Edinburgh, 5"-7 ; 
Bidston, 5''*1. 

The following four figures are sketches made from seismograms 
obtained on the specified dates at Kew, Shide, Bidston, and Edinburgh. 
The figures following the letter S indicate the number of millimetres 
equivalent to one hour : — 




Fig. 1. January 18, 1901. 
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HI. On the Records from two similar l^eismographs at Kew, 

From the Nq/timial Physical Laboratory, By Charles Chree. 

A Milne ''"■.o-r'-'irh. No. 31, intended for Coimbra, was set up for 
examination at the National Physical Laboratory on October 30, 1900, 
its pendulum being at the same level and having the same orientation as 
that of the seismograph No. 9 belonging to the Laboratory. The points 
of suspension of the two pendulums were about 1 1 feet apart. At first 
the supports of No. 31 rested simply on the stone floor, while those of 
No. 9 passed through the floor down to a cement bed. After a month’s 
trial, however, the seismographs were interchanged, with a view to elimi- 
nating the difference, if any, between the supports. The instruments 
were adjusted to nearly the same sensitiveness (assuming identity of gauge) ; 
they had very approximately the same period and the same rate of 
subsidence of artificially pn^duced vibrations. 

Seven considerable earth tremors were recorded by both instruments. 

In the four largest tlie times of commencement of the ‘preliminary 
tremors’ shown by the two traces were in excellent agreement, no differ- 
ence exceeding 0*2 minute. In the other three cases the apparent times 
differed by from 1*7 to 4*() minutes, the difference being greatest for the 
smallest tremors. The times of commencement of the large movements 
agreed better than those of the preliminary tremors. 

As will be seen by a comparison of figs. 5 and 6, there were conspicuous 
differences in details in the records from the two instruments. This, gp 

presumably, is mainly due to the supports. The instrument standing on the 
floor had, as a rule, a lessened amplitude of vibration, the reduction ave- 
raging some 30 per cent. There were, however, not infrequent exceptions 

Fio, 5. December 26, 11)00. 

' 6 . 27.4 5 . 86.1 

5 . 16.4 ^ ♦ 

- — 

i SiM^mo. No. .Il (111 Kew lablo. 

6 '27 5.5:, .1 

5.16.6 ^ I 

( 

Sci.>uio. No. 9 OH (’oimbra table. 


U.»S.3 


Fiu. (3. January 7, TJOl. 

>1 


S<‘i>5ni. No. 9 on Coimbra table 


0.38.2 

4 


1.21.4 




oo« 


Soismo. No. 31 on Kew table. 
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to the general rule. After allowing for the supports, a. small difference still 
remained between the instruments, the mean apparent amplitude of dis- 
turbed movements being some 10 per cent, greater for No. 31 than for No. 9. 

During the comparison the observer, Mr. Constable, noticed that on 
certain days of high wind the trace from the seismograph standing on the 
floor showed numerous small movements, many possessing distinct 
asymmetry. Further investigation showed that these undoubtedly arose 
from vibrations set up in the building by the gusts of wind. Minuter 
examination showed that the phenomenon also occurred, though to a 
much smaller extent, in the traces from the seismograph on the cement 
bed. Wind is thus clearly a cause of not infrequent tiny movements, 
whose source had hitherto escaped detection. 


lY. Movements of Horizontal Pcndidams in relation to Barometric Pressure, 

For many years it has been recognised that there is a relationship 
between the movements of horizontal pendulums and fluctuations in 
barometric pressure.^ 

An important and apparently practical addition to our knowledge on 
this subject has recently been made by Mr. F. Napier Denison, of 
Victoria, B.C., in a contribution to the Iloyal Meteorological Society, 
entitled ‘The Seismograph as a Sensitive Barometer.^ The instrument 
referred to is the one adopted by the British Association. Briefly stated, 
Mr. Denison^s conclusion is that the pendulum swings towards the area 
of greatest barometric pressure. For example, it has been found that 
when a storm area is approaching from the westward the boom of the 
pendulum moves steadily to the eastward, and this often occurs eighteen 
to twenty-four hours before the local barometer begins to fall. On the 
contrary, should there be an important high area to the West, the 
pendulum will swing in that direction before it is possible to ascertain 
the position of such an area on the current weather charts. 

As partial confirmation of Mr. Denison’s observation, it may he men- 
tioned that a gradual but decided movement of the 8hide pendulum 
towards the West precedes stormy weather, whilst in the Report for 1895 
referred to above there are tables showing a close relationship between 
displacements of pendulums in Tokio and the barometric gradients at that 
place. 


V. An Attempt to Detect and Measure, any Relative. Movement of the 

Uinvay^ that may now he iakimj place at the Ridgeway Faulty near 

Strata Dorsetshire, Second Report by Houace Darwin, June 1901. 

Many of the early readings have been found to be of no value, because 
water had got into the vessels ' :i- !■._ tlio oil and had blocked its free 
passage through the pipe ; this d . has, we hope, been overcome by 

making the covers of the vessels more completely watertight. 

‘ See Reports on ‘Earthquake and Volcanic Phenomena,’ issued by the British 
Association in 1883, 3885, 1887, 1888, 1892, 1893, 1895, 1890. 

For a theoretical discussion of this subject see ‘ Applications of Physics and 
Mathematics to Seismology,’ by Dr. C. Chree, Phil. Mag.,, March 1897, p. 185. 
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No slip of the Fault has been detected at present ; but we should 
hardly expect a definite result during the short time in which the appa- 
ratus has been in working order. 

The results obtained so far have been of use in pointing out the 
difficulties to be overcome and the various defects of the instrument. 
The movement of the ground caused by slight earthquakes and earth- 
tilts is one of these difficulties, and our experiment on April 24 brought 
this to light in a very striking manner. The instrument was placed at 
the station SS. at the south end of the pipe,^ and readings were taken 
every few minutes from I to 3 p.m. These readings give the relative 
movement of a fixed point in the strata and tlie surface of the oil. The 
movement was most irregular, and during that time the maximum 
displacement was about 0 3 mm. This can only mean that a line passing 
through fixed points in the rock was constantly changing its angle with 
the horizon ; and that the oil was always flowing backwards and for- 
wards in its attempt to remain level. At about 1.40 p.m. the value of 
the readings reached a minimum, and then began to increase, showing 
that the angular movement of the strata changed its direction at thi.s 
time. If we assume that the oil was level when the two readings were 
taken which differed by about 0*3 mm., it shows that the rock tilted through 
an angle of about six and a half seconds. 

No doubt there was an exceptionally large movement due to slight 
earthquakes and earth-tilts during the time that these observations were 
being taken, as Mr. J. Milne tells me that his large pendulum at Shide, 
Isle of Wight, was swinging regularly, and that this is supposed to be 
du(5 to earth pulsations. 

A telegram from Rome appeared in the daily papers reporting a slight 
earthquake on April 24 at 3.30 p.m. at Lisbon, and a severe shock af 
4.30 P.M. in Algarve, near Li.sbon. (4.30 p.m. at Lisbon is 5.7 Greenwicli 
time.) 

A note appeared in ‘ Nature ’of July 18, 1001, saying that an account 
of the earthquake of April 21 in the n* iL':ib‘.'!r]ei*-d of Palombara Sabinii 
is given by l)r. Luigi Palazzo in the ‘ Atri dei Lincei,’ x. 0. lie thinks it 
probable that the epicentre was at a sulpliur spring about a kilometre 
distant from Cretone, and that the origin of the shock was in the strata 
from which the spring arises, at a comparatively small depth. Consider 
able damage was done at Cretone. The shock was registered at the 
Central Meteorological Office at about 151i. 20m. 258. Italian time : tliis ii 
2h. 20m. 25s. p.m. Greenwich time. 

Mr. Kollo Russell noticed an unusual agitation of tlie sea at 
Bournemouth on April 24 at 7.50 a.m., and between 12 and 1 p.m. Then 
was also an exceptionally lai*ge wave soon after 3 o’clock.'^ 

Mr. C. Davison ‘ thinks that the disturbances may have been due t( 
the firing of heavy guns. The distur))ances w’ere noticed in South DeVoi 
and Guernsey as well as at Bournemouth. 

The movement of the ear^h on April 24 was no doubt exceptionalb 
largo, but observations at other times lead me to tliink that such move 
meats, due to slight earthquakes and earth tilts, take place very frequeijtly 

* A lead pipe connects four vessels which contain oil ; they are in a straight lin 
at right angles to the Fault ; two of them are on each side of it at four and a hai 
and nine metres from it. 

^ See j\ature, May 2, P)01 


^ Nature^ June C, 1901. 



54 


REPORT — 1901. 


and these are sufficiently large to make the last two figures in the delicate 
micrometer measurements almost useless. 

I hope to reduce this motion of the oil by making the holes through 
which it enters and leaves the vessels sufficiently small to damp the oscil- 
latory movement without preventing the oil finding its own level. 

A similar instrument fixed to the rock at a place where there is no 
Fault would give a delicate and accurate method of measuring these slow 
earth-tilts. 

Tables of Certain Mathematical Functions. — Ueijori of the (hjmmittee, 
consisting of Lord Kelvin {Chairman).^ Lieutenant-Colonel 
Allan Cunningham, B.E. (Serrelarg), Dr. J. W. L. Glaisher, 
Professor A. G. Greenhill, Professor W. M. Hicks, Professor A. 
Lodge, and Major P. A. MacMahon, 11. A. ^ aiypointed for calculating 
Tables of Certain Mathematical Functions^ and, if necessary, for 
taking steps to carry out the calculations, and to publish the results in 
an accessible form. 

The printing of the * P>inary Canon ^ was finished at end of last year. 
The work, as printed olT, has been read again with the MS. ; a list of the 
few misprints discovered has been issued with the volume. The edition 
is 250 copies, of which 100 have been bound. Arrangements have been 
made with Messrs. Taylor & Francis, of Red Lion Court, Fleet Street, for 
publication on the usual terms ; the sale price will be 156*. About thirty- 
six presentation copies have been given away to various public bodies, to 
reviewers, and to those concerned in the work itself. The whole of the 
grants received (75/. from the British Association and 60/. from the 
Royal Society of London), total 135/., has been expended. 

The Committee wish now to recommend that a large set of rmv tables 
of Quadratic Partitions, prepared by Colonel A. Cunningham (for the 
checking of which a grant of 30/. has already been made by the Royal 
Society of London), should be published by the British Association, and 
hereby apply for a grant of 80/. for the same. 


Meteorological Observations on Ben Nevis. — he/porl <f the Committee, 
Lord McLaren, Professor A. Crum Brown (Secretary), 
Sir John Murray, Professor R. Copeland, and Dr. Alexander 
Buchan. (Brawn up by Dr. Buchan.) 

The Committee are appointed for the purpose of co-operating with the 
Scottish Meteorological Society in making meteorological observations at 
the, two Ben Nevis Observatories. 

The hourly eye observations, made by night as well as by day, have 
been regularly made by Mr, Angus Rankin, the superintendent and his 
assistants. 

The health of the observers has continued good since last report, with 
the exception of Mr. Rankin, who has not yet quite recovered from the 
two severe attacks of influenza he has had. The directors desire to ex- 
press their cordial thanks to Messrs. W. Gentle, R. C. Marshall, and 
T. Affleck for the invaluable services they rendered last summer as volun- 
teer observers, thus rendering it possible to give the members of the staff 
the rest they need from their arduous work. 
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The principal results of the observations made at the two observa 
tories during 1900 are detailed in Table I. 

Table I. 


1900 

Jan. 

Feb. 

March 1 April 

May 

June 

July 

Aug. 

Sept, j 

Oct. 1 

Nov. 

Dec. 1 

Year 





Mean Pressure in Inches. 






Ben NevisOb- 

26*160 

24*918 

26*417 

26*268 

26*349 

26*386 

25*460 

26*460 

26*476 

25*247 

26*123 

26*041 

26*276 

servatory 
Port William 

29*766 

29*545 

.30*087 

29*843 

29*907 

29*859 

29*926 

29*948 

30*004 

29*816 

29*685 

29*592 

29*831 

Diflferonces . 

4*606 

4*627 

4*670 

4*676 

4*668 

4*473 

4*475 

4*488 

4*629 

4*669 

4*662 

4*661 

4*666 





M 

ean T 

emper 

atures. 






BenNeviaOb- 

o 

24*3 

o 

18*9 

o 

2*4 

29°0 

o 

32*5 

41^8 

o 

42*3 

4(?8 

o 

39*7 

30°4 

28°8 

o 

28*4 

3D6 

servatory 
Fort William 

40*1 

33*3 

*9 

44*9 

49*4 

66*6 

67*4 

66*4 

53*4 

45*8 

42*4 

43*4 

46*8 

Differences . 

15*8 

14*4 

*5 

15*9 

16*9 

14*8 

16*1 

16*6 

13*7 

15*4 

13*6 

16*0 

15*2 




Extremes of Temperature^ Maxima. 





Ben Nevis Ob- 

36*8 

31*4 

37*0 

46*2 

47*0 

66*2 

64*0 

610 

69*4 

44*0 

41*5 

40*0 

61*0 

servatory 
Fort William 

52*4 

19*6 

52*0 

67*5 

68*6 

79*0 

71*3 

76*1 

70*0 

63*9 

58*0 

68*1 

79*0 

Differences . 

16*6 

17*9 

15*0 

22*3 

21 6 

23 8 

17*3 

16*1 

10*6 

19*9 

16*5 

18*1 

23*8 




Extremes of Temperature^ Minima. 





Ben Nevis Ob- 
servatory 
Port William 

15*0 

6*0 

9*3 

16*2 

19*8 

32*8 

30*3 

28*7 

24*8 

19*4 

18*6 

18*5 

6*0 

29*4 

10*0 

23*0 

30*2 

34*7 

41*7 

37*8 

41*0 

34*0 

27*6 

28*1 

28*9 

10*0 

Differences 

14*4 

4*0 

13*7 

14*0 

14*9 

89 

7*5 

12*3 

92 

8*2 

9*5 

10*4 

4*0 





Ilainfalh in Imhes. 






Bon NevisOb- 

36*32 

7*76 

3*84 

20*22 

11*76, 

6*97 1 

13*12 1 

11*86 

16*96 

20*93 ; 

10*28 

48*34 210*3^ 

servatorj 





j 

1 



i 


1 

* 

Fort William 

9*99 

3*26 

0*64 

6*87 . 

r.*04 1 

4*40 

4*51 i 

6*06 

7*40! 

8*80 i 

4*37 

20*85 1 

82*: 

Differences . 

26*33 

l*i9| 

3*20 

14*36 

8*721 

2*571 

8*61 i 

5*79 

9*66 i 

12*13 

5*91 

27*19 1 

12' 




Number of Days 1 in. or more fell. 





Ben Nevis Ob- 

13 

2 

1 

1 9 

5 

0 

1 

i ^ 

1 

7 

; 2 

1 

69 

servatory 
Fort William 

2 

0 

0 


2 

0 

0 

i 

' 2 

1 

1 ^ 

1 

0 

6 

16 

Differences . 

11 

2 

1 

1 9 


0 

1 

1 3 

i 4 

6 

; 2 

1 12 

1 54 




Number of Days 

001 

in. or more fell. 





BenNevisOb- 

30 

20 

16 

21 

20 

1 21 

, 28 

1 18 

, 23 

26 

24 

30 

276 

servatorv 
Fort William 

28 

17 

10 

22 

18 


j 24 

16 

i 19 

1 24 

1 20 

31 

246 

Differences . 

2 

3 

5 

■f] 

2 

1 4 

i 4 

2 

1 4 

1 2 

1 4 

+ 1 

30 




Mean Baiiiband {scale 0-8). 






Ben Nevis Ob- 

, 

1*1 

1*6 





2*9 

3*2 

2*6 

1 -- 

1 ^ ^ 

1*9 

— 

servatory 
Fort William 

! 3*7 

3*0 

2-7 

.3*1 

3*6 

1*0 

4*8 


1 4*0 

1 

1 3*8 

j 3*6 

4*0 

3*7 

Differences . 

1 ~ 

— 

— 

— 

— 

— 

— 

1 — 

1 - 



— 

— 




Number of Hours of Driyht Sunshine. 





Ben Nevis Ob- 

4 

34 

103 

80 

98 

139 

48 

92 

75 

21 1 

17 J 

4 

718 

servatory 
Fort William 

16 

52 

119 


145 

182 

97 

139 

86 

69 1 

21 ! 

1 

1,040 

Differences . 

11 

18 

16 

41 

47 

43 

49 

47 

11 

35 1 

7 , 

+ 3 

322 



Mm?i Bourly Velocity of in Miles. 




Ben NeWs Ob- 

1 

19 

9 

10 


11 

1 

11 

12 

6 



1 12 

servatory 

1 




1 


1 




1 

1 






Percentage of Cloud. 






BeiiNevis Ob- 

96 

80 

70 

70 

82 

79 

93 

84 

78 

90 

89 

97 

84 

servatory 
For»- William 

84 

72 

64 

68 

76 

72 

88 

72 

70 

63 

66 

86 

73 

Differences . 

12 

8 

6 

2 

7 

7 

5 

12 

8 

27 

23 

11 

11 


This table shows for 1900 the mean monthly and extreme temperature 
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and pressure ; the amounts of rainfall, the number of days of rainfall, and 
days on which it equalled or exceeded one inch ; the hours of sunshine ; 
the mean percentage of cloud ; the mean rainband ; and the mean velocity 
in miles per hour of the wind at the top of the mountain. The mean 
barometric pressures at Fort William are reduced to 32° and sea level, but 
those at Ben Nevis Observatory to 32° only. 

At Fort William the mean atmospheric pressure was 29*831 inches, 
or 0*026 inch under the average. The mean at the top was 25*275 inches, 
or 0*031 under the average. The mean difference for the two observa- 
tories was 4*556 inches. At the top the absolutely highest pressure for 
the year was 25*974 inches in March, this being the highest hitherto 
recorded in March, and the lowest 23 972 inches in December ; and at 
Fort William the highest was 30*687 inches, and the lowest 28*411 inches 
in the same months, the differences being respectively 2 002 inches and 
2*276 inches. 

The deviations of the mean temperatures of the months from their 
respective averages are shown in Table II. : — 

Table II. 




Fort 

Top of 



Fort 

Top of 



William. 

Beil Nevis. 



William. 

Ben Nevis 



o 

o 



o 

o 

January . 


. +1*0 

+ 0*3 

July. 


. +07 

+ IT) 

February . 


. -5-0 

-50 

August 


. 00 

+ 0*4 

March 


. -2*0 

-1*2 

September 


. +0*4 

+ 1-8 

April 

. 

. -0-2 

-h 1*0 

October . 


. ~0*8 

-1-2 

May 

. 

. -0*7 

-0-5 

November 


. -0-4 

0*0 

‘"^une 


. +12 

f 2*6 

i December 


. +3 8 

+ 3 2 




February was the coldest month, the temperature at both observa- 
tories being 5°*0 under the average. In this month south westerly winds 
were six days short of their average prevalence, and northerly winds four 
days in excess. Hence the unusually low temperature which was equally 
felt both at the foot and top of Ben Nevis. On the other hand, temper- 
ature was above the average in the four months from June to September, 
the excess 1°*6 at the top of Ben Nevis, but only 0°*6 at Fort William, 
the difference being due to the frequent occurrence of the anticyclonic 
type of weather during the summer of 1900. The absolutely highest 
temperature for the year at Fort William was 79°*0 on June 13, and at 
the top 61°*0 on August 13 ; and the lowest at Fort William 10° 0 on 
February 10 and 12, and at the top 6°*0 on February 7. 

In Table III. are given for each month the lowest observed hygro 
metric readings at the top of Ben Nevis : — 


Table III. 


19U0 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I)i 7 Bulb 

o 

O 

o 

O 

o 

o 

o 

O 





21-0 

12-9 

26-5 

29-2 

36-8 

50-5 

49-8 

63-0 

58‘1 

26-2 

27-0 

24-7 

Wet Bulb 

20*1 

9-2 

19-7 

26-1 

30-2 

40-2 

39*9 

41-0 

41-2 

22-0 

21-1 

22*1 

Dew-point 

-3-0 

-19*7 

-12*9 

10-8 

20-8 

29-9 

29-4 

29-0 

26-0 

4-7 

-6-0 

7-4 

Elastic Force . 

•038 

•018 

•023 

•070 

•112 

•166 

•162 

•160 

•141 

•054 

•032 

•060 

Relative Humidity 
[Sat. = 100] 

29 

23 

16 

44 

1 

51 

45 

46 

39 

29 

40 

22 

45 

Day of Month 

10 

; 11 

4 

27 1 

16 

.3 

10 

16 

13 

10 

18 

4 

Hour of Day . 

23 

23 

1 

20 

8 

17 

20 

8 

16 

6 

2 

7 
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Of these relative humidities the lowest, 16, occurred on March 4 with 
a dew-point of — 12°*9. The lowest dewpoint, — 19°-7, occurred on 
February 11, the dry bulb being 12°-9 and the wet bulb 9° *2. A marked 
feature of the table is the singularly high minimum humidities in April, 
May, J une, J uly, and December. 

The rainfall for the year at the top was 210*34 inches, being 
52*61 inches, or 33 per cent., above the average. This large rainfall has 
been exceeded only by that of 1898, which amounted to 240 05 inches. 
The December amount, 48*34 inches, is the largest monthly fall yet 
recorded at the Ben Nevis Observatory. The following are the four 


wettest months of the year : — 

Inches 

December 

. 48 31 

January .... 

. 36 32 

October .... 

. 20 33 

April .... 

. 20-22 

Total 

. 124*81 in four months. 


Taking Scotland as a whole, the year 1900 was one of the wettest yet 
recorded, and has been only exceeded by the rainfall of 1872. Excep- 
tionally heavy daily rainfalls were of frequent occurrence, the two 
heaviest being 6 81 inches on January 22, and 5*41 inches on December 8. 
At Fort William the annual rainfall was 8219 inches, being 5*28 inches, 
or 7 per cent., above the average. The largest monthly amount was 
20*85 inches in December, ■■ ■ } i: i; the extraordinary prevalence of 
south westerly winds during the month. 

At the top of Ben Nevis the number of rainy days was 276, and at^^ 
Fort William 246. At the top the maximum monthly was 30 days in 
January and December, and at Fort William 31 days in December and 

28 days in January. In March there were only 15 rainy da\s at the top 
and 10 days at Fort William, During the year the number of days on 
which 1 inch of rain or more fell at the top was 69, whereas at Fort 
William the number of days was only 15. 

The sunshine recorder on Ben Nevis showed 718 hours out of a 
possible of 4,470 hours, or 16 per cent, of the possible sunshine. The 
average of the past 17 years being 747 hours, the sunshine of 1900 was 

29 hours under the average. The two maximum months are June, 139 
hours, and March, 103 hours, and the two minimum months January and 
December, with 4 hours each. At Fort William the number of hours 
was 1,040. This is lower than any recorded since these observations 
began to be made, except in 1896, when the number was 1,036 hours. 
The maximum, 182, was recorded in June, and the minimum, 1 hour 
only, in December. This is the lowest minimum yet recorded, but the 
same low minimum, 1 hour, was also recorded at the top for December 
1883. In the three summer months, June, July, and August, of 1899 
the hours of sunshine at the top were 425, and at Fort William 488 ; but 
in the same months of 1900 these were respectively only 279 and 418. 

At the Ben Nevis Observatory the mean percentage of cloud was 84, 
and at Fort William 73, both being very nearly the average. At the top 
the high mean percentages of 97 in December and 96 in January were 
observed ; and at Fort William 88 per cent, in July and 86 in December. 

Auroras were observed only once, viz., March 2. This is in accord- 
ance with the number of sunspots being near the minimum at this time. 
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St. Elmo^s Fire was seen on January 19, 20 ; February 18 ; June 30 ; 
and July 24. 

Zodiacal Light : — Not observed during the year. 

Thunder and Lightning : — June 11, 12, 13, 20, 21. 

Lightning only : — December 13. 

Solar Halos : — March 23 ; April 1 ; June 21 ; September 26. 

Lunar Halos : — February 7, 9 ; March 17, 18, 19 ; July 13; October 
3, 30 ; November 8 ; December 3, 4. 

During the past year much of Dr. Buchan’s time has been occupied in 
a larger investigation than has hitherto been attempted of the fogs and 
of the storms of winds round the Scottish coasts. These two distinct 
inquiries are based on the observations made at the sixty-live Scottish 
lighthouses night and day down to December 1900. 

As regards the fogs, the results show the mean monthly and annual 
number which have occurred at each of the sixty-five lighthouses from 
1880 to 1900, the number of hours fog has prevailed during these 
twenty years, and the mean number of hours the fog on its occurrence 
lasts at each place. As regards storms of wind, similar results have been 
worked out for the twenty years ending 1900. 

Now as regards weather forecasting, fogs are among the more pro- 
minent of the phenomena attending on the anticyclone ; and storms of 
wind, rain, and snow are the most prominent features of the weather 
phenomena attending the cyclone. Diagrams giving tlnssc results show 
that, as regards storms, the number which occur in each month strictly 
follow the sun, the maximum number being in December and the 
minimum in June. This is the relation observed for the ''lonii" ■ ■■ . 

,;n Scotland taken as a whole. 

On the other hand fogs also follow the sun in the number of the 
monthly occurrences, but in a reverse order, the maximum number 
occurring in June and the minimum in December. It is to be observed 
that the maximum period includes the two months June and July, and 
the minimum the three months November, December, and January. 

These elaborate papers on storms and fogs are merely introductory to 
the wider discussion of weather phenomena which has been undertaken 
touching the relations of the Ben Nevis observations to storms of winds, 
widespread clouded skies, severe storms of rain and snow, and fogs to 
the changing positions day by day of the cyclones and anticyclones of 
North-western Europe. This research involves an analysis of the daily 
weather maps for Scotland, showing for each day from July 17, 1890, to 
this date the geographical distribution of storms of wind, the rainfall, 
thunderstorm, aurora, and other weather phenomena appended as sup- 
plements to the bi- daily weather maps issued by the Meteorological 
Council. It will be at once evident that this research necessitates heavy 
labour, stretching over a long period — from two to three years at least. 

Mr. Omond’s time during the past year has been largely directed to 
the utilisation of the observations made at the High Level observatories 
of Europe viewed in connection with the Ben Nevis observations and 
their bearings on weather changes. In connection with this work the 
observations at the following High Level observatories are being utilised : 

In Frayice — Barcelonette, 3,714 feet ; Servance, 3,990 feet ; Gavarnie, 
4,452 feet; Puy-de-D6me, 4,813 feet; Aigoual, 5,099 feet; Mont 
Ventoux, 6,234 feet ; and Pic de Midi, 9,380 feet. In Germany — 
Brocken, 3,766 feet ; and Schneekoppe, 5,259 feet. In Austria — 
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Semmering, 3,297 feet ; Crkvice, 3,599 feet ; St. Anton, 4,285 feet ; 
Marienberg, 4,341 feet ; Schneeberg, 4,810 feet ; Sohafberg, 5,827 feet ; 
Kathhausberg, 6,283 feet ; Schnittenhoe, 6,349 feet ; Obirgipfel, 6,706 feet ; 
and Sonnblick, 10,154 feet. In Italy — Monte Cave, 3,166 feet; and 
Monteversine, 4,518 feet. In Switzerland — Ohaumont, 3,701 feet ; Rigi 
Kulm, 5,873 feet ; Santis, 8,094 feet ; and Great St. Bernard, 8,130 feet. 
In Algeria — Teniet-el-Haal, 3,738 feet; and Aflou, 4,679 feet. 

Along with these twenty seven stations several Low Level stations 
are utilised in determining the vertical gradients of pressure, tempera- 
ture, and moisture. Particular attention is given to the different direc- 
tions of the winds at different heights, differenci^s which so often point 
clearly to very different distributions of barometric pressure at the higher 
levels of the atmosphere than what prevails at sea-levels at the same 
time. It is just these different distributions of pressure in the higher 
layers of the atmosphere from what prevails at sea level at the same 
time which is most likely to aid the forecaster of weather in seeing the 
most probable distribution of the sea level pressure one day, two days, or 
even three days in advance. 

Now it was pointed out in our report for last >ear that if the 
forecaster can guess what the distribution of the barometric pressure will 
be at some future tipie, he can state what the weather will be at that 
time. Hence the wv^e problem of forecasting resolves itself foreseeing 
the arrangement of bi S^etric pressure in the future. The distribution 
of pressure does not ^ '^arbitrarily, but the areas of high and low 
pressures existing on av ^ day change into those of the next day by 
movement over the oart» y increase or diminution in intimsity, in^ 

accordance with physical I 

The scientitic study of t^^e causes of the movements of these areas of 
high and low pressures, called respectively anticyclones and cyclones, can 
only be said to be just beginning ; and until this great inquiry has made 
some substantial progress we cannot have a science of forecasting, as we 
have now a .science of climjitological meteorology. 

This is the inquiry which Mr. Omond, aided by the .staff of the 
Scottish Meteorological Society, has entered on, and like the inquiry 
previously referred to will take from two to three years for the prepara- 
tion of a report showing the general relations of the observations made 
at the two Ben Nevis Observatories to the coming changes ht the wime- 
diate future in the distribution of the sea-level pressures, which rule the 
weather one day, two days, or three days in advance. 

It is evident that in carrying on this large work Dr. Buchan and 
Mr. Omond require the help of well qualified a.ssistants, and your 
Committee have much pleasure in intimating that this has been provided. 
As intimated in our last report a generous donor in July 1900 sent a 
handsome donation of 300^ to the Directors of the observatories for this 
purpose, and as the result Mr. Andrew Watt, M.A., has been on the 
staff during the past year. We have the further pleasure of intimating 
that another gentleman, who desires to be unknown, has fo warded a 
cheque for 500/. to provide additional help in carrying on these large and 
expensive inquiries. There is thu.s every reason to hope that the examina- 
tion and discussion of the work of the two observatories will be thorough, 
and will have .scientific utility in the general study of the phenomena of 
weather, and a practical utility in its bearing on weather forecasting. 

It was intimated last year that provision had been made for the 
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maintenance of the observatories to the end of 1901. We have the 
further pleasure of adding that Mr. Bernard has most generously given 
a fourth donation of 500^., in addition to the 1,500/. previously given by 
him ; and the Meteorological Council have agreed to continue their grant 
of 250/. to the Low Level Observatory for another year. Provision is 
thus made for the maintenance of the two observatories to the close 
of 1902. 

In the meantime the printing of the observations made at the two 
observatories since 1888 proceeds, and already the first of the three 
quarto volumes has been printed, Jind will be issued in the course of 
next winter. In addition to the observations, this volume will also con- 
tain several papers and. discussion, many of which have been laid before 
the British Association in our reports from year to year. The publi- 
cation of these volumes has been undertaken by the Royal Societies 
of London and Edinburgh, and the cost is estimated at 1,000/. 


The Clearing of Turbid Soliitioiis, and the jSLovchi nit of Small Sus- 
pended Particles by the Influence of Ligld, Dg IVofessor (L 
Quincke, of Heidelberg. 

[Ordered by the General Committee to be printed hi r.vteuso.'] 

By ‘ turbid solutions ’ or ‘suspensions’ (trube Losungen, Trubungen) I 
mean water in which many small solid or fluid particles are suspended for 
a long time. The small particles are visible with the microscope. 
Colloidal solutions with doubtful character will be discussed later. 

. T- Sedimentation, or the formation of flocks, flocking, is observed if small 
quantities of acid or salt solutions are brought into contact or are mixed 
with the turbid solution. 

For instance, the sandbank at the mouth of a river is the eflect of the 
clearing power of the sea water on the particles of clay suspended in the 
fresh water of the river. 

Turbid s(jlutions of clay, kaoline, silica, gum mastic, are flocked by 
quantities of acid or salt so small that the increase of weight by th(‘ 
clearing substance cannot explain the augmented velocity, or the flocking 
of the falling particles, or the sedimentation of the turbid solution. 

Franz SchulzeC and Schloesing found i()o\)oo calcium or 

magnesium salts sufficient to clear suspensions of clay. Bodlander has 
measured the clearing or coagulating power of different salts for suspen- 
sions of kaoline ; Hardy ^ for suspension of gum mastic ; Spring ^ for sus- 
pensions of gum mastic, kaoline, silica. Bodlander found suspensions of 
kaoline flocked if the quantity of the added salt is greater than a distinct, 
very small quantity, the ‘ Schwellenwerth ’ of the clearing substance. 
Electrolytes promote, insulators retard, the clearing of the suspensions, 
(Barus,® Bodlander). The clearing power of a salt depends on the valanci^ 
of the salt and the kation of the electrolyte (Hardy, Spring). 

According to Hardy, the particles of gum mastic, or heat-modified 

* Franz Schulze, Poggondorff's Annalen^ 18G6, vol. cxxix. p. 36G. 

Ch Schloesing, Compt. Mend., 1870, vol. Ixx. p. 1345. 

» G. Bodlander, Gbtt. Nadir., 1893, p. 267. 

* W. B. Hardy, ProG. May. Soc., 1900, vol. Ixvi. pp. Ill 119. 

* W. Spring, llec, Trar. Chim. des Pays-Bas, 1900, vol. x. (2 ser. 1), no. 3, pp. 
222, 294. 

* C. Barus, Pliys. Beihl., 1888, vol. xii. p. 663. 
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proteid naove in a contrary direction to an electric current. In presence 
of a minuto amount of barium chloride or free acid the particles of 
gum mastic, or heat-modified proteid, move with the electric current. At 
the isoelectric point, for a distinct small quantity of barium chloride or 
acid, the electric movement vanishes and coagulation or precipitation 
occurs. An explanation of the clearing power of the acids or salts is not 
given. 

In the coagulated solutions I found flocks adhering to the walls of the 
glass vessels and many air bubbles distributed among the flocks. Both 
phenomena prove that on the surface of the flocks at least, a short time 
after formation of the flocks, an oily viscous fluid exists. At the surface 
of separation of this oily fluid and the surrounding aqueous fluid, a 
surface tension acts and air bubbles are separated, as at the limit of two 
heterogeneous fluids. Probably changes of the surface tension of the 
boundary of oily and aqueous fluid and the periodical spreading of hetero- 
geneous Hijuid will excite vortices and unite the small suspended particles 
and form the flocks. The surface forces are the same as the forces which 
form foam-cells by the contact of alkaline oleates with water, which I 
demonstrated at the meeting of the British Association at Oxford, 1894. 
The flocking influence of quantities of clearing matter .so very small is 
now intelligible. 

I .shall prove that this explanation is the right one. 

Alcoholic solution of gum mastic gives in a largo mass of water many 
unseen threads and foam-walls, in which are distributed a great many 
.small visible spheres. If copper sulphate is added to the water with the 
mastic foam the foam- walls move against the copper sulphate, become 
clearer, and arc dissolved. The .spheres and the foam- walls prove thr 
formation of an oily viscous fluid V)y the action of waiter and gum mastic, 
which I will call mastic hydrate, and which possesses a surface tension at 
the surface of separation from water. The copper sulphate is soluble in 
water and in mastic hydrate, has the surface tension zero at the boundary 
with water, and in the boundary with mastic hydrate, and must be spread 
out on the common surface of mastic hydrate and surrounding water. 
The spreading excites vortices and draws the surrounding matter towards 
the spreading centre ; the surrounding fluid is stirred up, a. new portion 
of copper sulphate is brought into contact with the mastic surface, spreads 
out, and so, in shoi-t periods, the spreading of the added salt and the 
formation of vortices are repeated, and the mastic particles are attracted 
by the copper soluti(»n. 

The solution of copper sulphate, which is placed by means of a long 
thin funnel under a turbid solution of mastic in a test tube, will diffuse 
in the mastic solution, spread out on the surface of the suspended par- 
ticle.s, excite vortices, and draw the mastic particles together or against 
the walls of the test tube, where they will adhere. The connected viscous 
matter will flow together and form drops, bubbles, or coherent foam- 
cells, flocks. On the surface of the ma.stic hydrate, as in all newly formed 
boundari»*s of two heterogeneous fluids, the absorbed air is separated in 
small bubbles. One part of the flocks will ri.se with the adhering air, the 
other part with the larger flocks will sink to the surface of the salt 
solution. 

The spn'ading or vortices of suflicient energy and the connection or 
flocking of the suspended particles demand a certain concentration of the 
copper sulphate, corresponding to the ‘ Sch\vellenwerth ’ of Bodlander. 

Solutions of NaCl, IICl, K^Cr.^O-, FeCl.}, spread out on the surface of 
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mastic hydrate, as CuSo,, and have the surface tension zero. The coagula- 
tion, or clearing of mastic solution by this salt solution, is explained in the 
same way as with CuSOa. 

Turbid solutions of kaoline in glass cylinders of 100 x 10 cm. form a 
series of horizontal layers separated by equal intervals. After two 
months a great many flocks adhere on the shaded side of the glass. Under 
the microscope the flocks show threads or tubes of a downward flowing 
liquid, with spheroidal enlargements or contractions (Anschwellungen und 
Eiuscliimrungen). The sediment at the bottom of the glass cylinder has 
the appearance of solidifled liquid, containing deformed bubbles and 
coherent foam-cells, smooth spheres of diameter 0*002 to 0*0004 mm., with 
greater refraction than the surrounding substance. 

The particles of kaoline are covered by the action of the water with 
an oily viscous fluid, probably silica hydrate, on the surface of which 
another fluid is spread out. The periodical s[)reading combines the sus- 
pended kaoline particles in larger flocks, which slowly sink to the ground 
or are drawn by the vortices against the glass walls, where the particles 
covered with oily fluid adhere. The oily silica hydrate forms spheres, 
bubbles, or coherent foam -cells, and afterwards becomes solidified. 

Turbid solutions of kaoline in test-tube solutions over CuSO^, 
FeCl^, CaCl.,, or Ca(HO).> give foam flocks with thin walls in which 
many little grains are distributed, or with thick foam-walls in which, 
again, small chambers or cells with thin walls are enclosed. The flocks 
of kaoline formed in the beginning by the viscous fluid adhere to the 
glass wall. 

Also over solutions of sugar, solutions of kaoline form two thick 
flock-layers. 

‘ ^ Turbid solutions of potash soap have shown flocks over chloroform, 
sulphide of carbon, aqueous solution of sugar, CuS() 4 , HCl. 

Turbid solution of oleic acid has been flocked by solutions of ITCl, 
CUSO 4 , chloroform, sulphide of carbon, and sugar ; turbid solution of 
China ink by solution of CuSOj and HCl. 

The order of the flocking solution, determined by the velocity of the 
clearing, changes with the concentration of the suspended particles. 

Electrolytes and insulators may be clearing substances. 

The flocks of mastic and kaoline, formed by artificial clearing by means 
of the light, adhere to the shaded side of the glass- wall. 

The views of Barus, Hardy, and Spring on the clearing power of 
different liquids, especially of the electr*olytes, are not confirmed by my 
experiments. It is not proved that the kation of the clearing electrolyte 
is the clearing substance. 

The flocks of gum mastic in the turbid solution are formed by a thin 
layer of mastic salt solution (mastixhaltiger Balzlosung), which is con- 
nected to the surface of the mastic particles by molecular force. This 
thin layer of mastic salt solution will develop no sensible' electromotive 
force in contact with the pure salt solution outside, and no movement of 
the suspended particles with the thin layer by an electric current will be 
possible. My theory explains the formation of the flocks and of the iso- 
electric flocks of Hardy, which are not moved by the electric current. 
The process of clearing is the same in all turbid solutions. All flocked 
particles, or suspended particles united in flocks, are covered with a thin 
layer of solution, nearly isoelectric with the surrounding pure salt solu- 
tion, and cannot be moved by electric forces. 
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If by the influence of light more spreading fluid is formed on the 
light side than on the shaded side of the suspended particles the sus- 
pended particles will go towards the light. I call this phenomenon posi- 
tive photodromy. 

If the influence of light stops the formation of the spreading solution 
or the spreading film, the flocks would go to the shaded side, or will show 
negative photodromy. 

A retarding influence of the light is not probable, but many physicists 
suppose with E. Becquerel a icLirdiiiir or stopping influence of red light 
in the case of the fluorescence of JSidot-Blende. I think that the negative 
photodromy may also be explained by the heating effect of the light and 
the formation of air bubbles on the light side of the suspended particles. 
The air bubbles will hinder the spreading of the newly formed solution on 
the surface of the suspended particles, and the vortices of sufficient 
energy will only exist on the shaded side, and the flocks will go away from 
the light or show negative photodromy. 

Turbid solutions of gum mastic, silica, sodium or potassium silicate, 
kaoline, gumrai gutti, shellac, soap, proteid, can remain apparently 
unchanged for months or years, but after some weeks or months we can 
always ffnd flocks at the bottom of the solution. Moreover horizontal 
layers are formed with more or less suspended particles. 

What is the reason of the stability of the turbid solution ? Hardy ^ and 
J. J. Thomson see the reason for the stability in the electromotive force 
at the boundary of the suspended particles and the surrounding fluid, 
which hinders tlie movement of the solid particles, while, according to 
Dorn,*'^ electric work is done by the displacement of the particles. The 
action is the same as if the viscosity of the fluid had been increased. ii 

That electric work is done by the displacement of suspended particles; 
or by th(' displacement of fluids over the solid walls of porous bodies, and 
that electromotive force exists at this boundary was known before the 
researches of Dorn, and is a con.sequence of my old researches on capillary 
electric currents.'^ Tf the exY)lanationof Hardy and J. J. Thomson should 
be right, the turbid solutions must have tlie greatest stability if the sus- 
pcinded particles show the greatest electromotive force in contact with the 
-urrnundiiig fluid— 2.^,, sulphur, silica, shellac, suspended in water. But 
shellac gives turbid solutions of little .stability. It may be that the 
electromotive force at the boundary of liquid and suspended particles may 
increase the .stability of the suspension, but the principal reason of the 
stability may be that the velocity of the falling particles is not constant, 
but variable or periodic. The impulses of the periodic velocity are 
propagated with the velocity of sound, and will be reflected inside or at 
the bottom of the turbid .solution. The direct impulse will interfere with 
the reflected impulse.s, and the particles will be collected in horizontal 
layers at distances of half a wave length. 

The air also separated at the common surface of the suspended 
particles and the surrounding Ih^uid has in many cases an important 
influence, and will be attached to it or will cover it. The diameter of the 
air bubbles or thickness of the thin air cover may be so small that it is 
not possible to see it with the best microscope, but it forms the condensa- 
tion nuclei for masses of absorbed air previously separated. 

' Hardy, Proc. Hoy, Soc., 1900, vol. Ixvi. p. 123. 

Dorn, Wiedemann's Annalen, 1880, vol. x. j>. 70. 

* G. Quincke, Poygendorff's Annalen^ 1800, vol. cx. p. 56; 1861, vol. cxiii. p. 546. 
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In turbid solutions of gum mastic, soap, or oleic acid one may see 
these air bubbles. In turbid solutions of kaoline or silica they act as a 
Cartesian diver ; the suspended particles and the layers of particles rise 
if they are hgh^d up by sunshine and sink again in shadow by a change 
of density or vblume of the air. 

Underground Temperature, — Twentij-second Report of the Committee^ 
consisting of Professor J. D. Everett (Chaimvvn and 
Lord Kelvin, Sir Archidald Ceikie, Mr. James Glatsher, Pro- 
fessor Edward Hull, Dr. 0 . Le Neve Foster, Professor A. S. 
Herschel, Professor G. A. Lerour, Mr. A. B. Wynne, Mr. W. 
Galloway, Mr. Joseph Dickinson, Mr. G. F. Deacon, Mr. E. 
Wethered, Mr. A. Straiian, Professor Micitie Smith, and 
Professor II. L. Callendar, appointed for the purpose of investi- 
gating the Rate of Increase of Cft- Temperature downwards 

in various Localities of Drg Land and Under Water. (Drawn up 
by Professor Everett, Secretary.) 

Attention having been called to the copper-mining region on the south 
coast of Lake Superior as exhibiting an exceedingly slow increase of 
temperature downwards, the Secretary has availed himself of the kind 
offices of Professor William Hallock, of Columbia University, to obtain 
authentic information on the subject. Previous reports contain valuable 
material furnished by Professor Hallock respecting a deep well at Wheeling, 
in Virginia. 

It The region in question is the most northerly poi’tion of the State of 
•Michigan, and includes a tongue of land jutting out some sixty miles into 
the middle of the lake, terminating in Keweenaw Point, which is marked 
on all maps. The mine of the Calumet and Ilecla Company, which is very 
extensive, and has upwards of twelve shafts, is nearly in the middle of 
this tongue ; and immediately adjoiniug it to the west is the Tamarack 
mine, with live shafts. These two mines are about four miles from the 
nearest coast (which is the north-west side of the tongue) and about eleven 
miles from the south-east coast, the tongue being about fifteen miles wide 
in this part. The ground is high, being G50 feet above tlie lake, which is 
itself 600 feet above .sea-level. The mineral veins dip to the north-west 
under the lake, the dip ranging from 22® at the end of the tongue to 56^ 
at its root. The beds consist of a series of compact granular and amygda- 
loid al traps, sandstones, and conglomerates. 

The latitude is 47°, and the moan annual temperature, according to 
isothermal charts, is 39° or 40° F. The average depth of the lake is about 
900 feet, and all the water below the depth of 210 feet was found, by 
surveys conducted in the montlis of August and September, to be at about 
39° F. As this is the temperature at which water has its maximum 
density, it probably remains unchanged all the year round. The ground 
beneath the lake is accordingly at a permanent temperature, practically 
identical with the mean annual temperature of the air above, and the 
boundary conditions for ■ underground temperature are practi- 

cally the same as if all th ■■ t : the lake were removed and the air had 
free acce.ss to the bottom. The slope of the bottom in the neighbourhood 
of the mines in c^uestion is about I in 51 until a depth of 300 feet has 
been attained, and becomes gradually le.ss steep to the depth of 700 feet. 
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which begins at nineteen miles from the shore and continues for fifteen 
miles further. The slope of the land from the mines down to the shore is 
about 1 in 40. The contour of the ground and the surface conditions in 
the neighbourhood may therefore be regarded as normc \ 

The leading authority on ■ ■ | r,: ‘,i ■ - ‘ ■ i> is part of the 
United States is Mr. Alfred C. Lane, the Michigan St\ Geologist. He 
writes in ‘Mineral Industry’ (vol. iv. 1895, p. 767) : — ^ 

‘ It is certain that, in the Lake Superior region, the rate of increase of 
rock temperature is not far from 1® in 100 feet from a surface temperature 
near 40°. For example, at 4,450 feet, the bottom of the North Tamerack 
shaft, the rock is at 84° F.’ 

Alluding to the preliminary announcement by Professor Alexander 
Agassiz, president of the Calumet and Hecla Mining Company, of tlie 
temperatures 59° F. at 105 feet, 79° F. at 4,580 feet, he says : — 

‘ Since at 105 feet the rock temperature should be near the mean 
annual temperature of the locality, and since the mean annual temperature 
of Calumet is, according to all isothermal maps, near 39°, and a mean 
annual temperature of 59° is found somewhere near Tennessee, I do not 
think we can safely assume a gradient very mucli less than 1° in 100 feet 
after all.’ 

President Agassiz’s announcement appeared in the ‘ American Journal 
of Science’ for December 1895, p. 50‘b in the form of a preliminary 
commmnication to the editors, with the statement : — 

‘ We propose when we reach our final depth, 4,900 feed, to take an 
additional rock temperature, and then publish the full details of our 
observations.’ 

This depth was reache<l not long afterwards, the fact being recorded 
in the ‘Mining Journal’ for September 1896 ; but the promised details 
have never been given to the public ; and a letter addressed by the 
Secretary to Professor Agassiz in 1896 elicited tlie information that tlie 
rate of increase had turned out to be difierent from what it was believed 
to be when the preliminary announcement was made. 

The evidence tendered in favour of the abnormally slow increase of 
20° F. in 4,475 feet, or 1° in 224 feet, has thus been practically withdrawn. 
Professor Hallock, writing in January last, says : — 

‘ The observation of temperature in the Calumet and Hecla mine, to 
which you refer, is thoroughly discredited in this country.’ 

With the view of probing the matter to the bottom, Professor Hallock 
(on the suggestion of the Secretary) made arrangements for personally 
exploring, in the spring and early summer, the temperature conditions of 
the mines ; but in June he wrote : — 

‘ The Mining Company [the Tamarack Company], after having 
promised me permission to make temperature observations, withdrew the 
permission, and declined to permit me to enter the shaft.’ 

The proposed trip was accordingly abandoned. Professor Hallock 
has, however, sent 1 r::< --c.d" maps and sections, and Mr. Lane has, at his 
request, furnished information respecting und- rgi'iunii temperature in 
1901. F 
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various parts of Michigan. Tt includes temperatures of deep wells 
spouting above ground and of shallow springs. Mr. Lane’s general result 
is that — 

‘ in the flat, undisturbed sedimentaries of the Lower Peninsula [between 
Lake Michigan and the lower lakes] the geothermal gradient is not far 
from 1° in 67 feet; while in the Upper Peninsula, near Lake Superior, 
the gradient is perhaps a little lower than U in 100 feet. This difference 
may be ascribed to the difference in conductivity, to which the geothermal 
gradient should be inversely proportional. The Upper Peninsula rocks 
are probably more conductive (trap *007) when dry, and certainly are 
less porous and contain less water than those of the Lower Peninsula 
(limestone *005, sandstone *002. There has been no volcanic or very 
extensive orogenic disturbance since early Cambrian times, and but little 
Palaeozoic faulting and folding. You will notice that the temperatures 
of shallow flows are higher than the mean annual temperatures as derived 
from the "Weather Service ; which is not surprising when we consider 
that in the winter the surface of the ground is often blanketed with snow 
and not freezing, when tlie air temperatures are very low.’ 

Mr. Lane estimates the ‘ mean annual temperature ’ for the Caluim^t 
district at 38®‘C, and the ‘ mean temperature at the depth of no variation ^ 
at 40°. If we take this latter as the temperature at 50 feet, and compar(‘ 
it with the temperature 84° at 4,450 feet in the Tamarack min(% we have 
an increase of 44° F. in 4,400 feet, or 1° in 100 feet. Mr. Lane’s 
estimate for the Calumet district is 1° F. in 107 feet. Jle states that 
numerous corroborative data indicate a gradient lying between 1° in 
1 100 feet and 1° in 115 feet. 

No authorities are cited for the conductivities which Mr. Lane assigns 
to the rocks, and fuller information on this point is desirable ; but, in 
view of the fact that the President of Section C last year characterised 
the variation in the British Isles ‘from 1° in 34 feet to 1° in 92 feet’ as 
‘ a surprising divergence of extremes from the mean,’ it is well to 
emphasise the connection between gradient and conductivity. If there is 
anything like uniformity in the annual escape of heat from the eai th at 
different places, there must necessarily be large differences in geothermic 
gi'a(li(‘ni.<', since the rate of escape is jointly proportional to the gradient 
and the conductivity. 

The investigation of underground temperature is being (Miergi*! ically 
taken up by the United States Geological Survey. Mr. N. H. JJarton 
has for some years been engaged in collecting data with a vi(^w to the 
preparation of an isogeothermal map of the United States. 

Brief allusions have appeared to observations taken in 1893 in a bore 
at Paruschowitz, near Ilybnik, in Upper Silesia, reputed to be the deepest 
in the world. The details, strange to say, have never yet been published, 
but they have been kindly furnished for the purposes of this report by 
the Prussian mining authorities. 

The bore is one out of a large number (400 or more) wliich have been 
sunk by the Prussian Government for the purpose of exploring the mineral 
resources of the country. A full account of the mode of sinking it and 
the difficulties which were encountered was given by Bergrath Kobrich 
at the ninth ‘ Wanderversammlung’ of boring engineers, and is printed 
in the mining journal ‘ Gliickauf ’ for 1895, pp. 1273-1277. 

The boring was begun in January 1892, and ffnally discontinued in 
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August 1893. In May 1893 the operations were suspended for the 
purpose of making changes in the machinery ; and it was during this 
interruption, which lasted three months, that the observations were 
taken. The bore had attained a depth of 2,002 metres, exceeding by 
255 metres that of the Schladebach bore, which was previously the 
deepest in the world. When boring was resumed after the interruption, 
and had added about a metre to the depth above mentioned, the boring 
tool broke, owing to caving in, which proved to be of so serious a character 
as to render further progress hopeless. The total depth attained is given 
as 2,003 ‘34 metres. 

Th(i first 200 metres bored through consisted mainly of a greenish 
grey clay or marl (TegeH, which was liable to swell and crumble after a 
time if exposed to water. It also held the tubing with a grip which was 
inconveniently tight. At about 250 metres a seam of coal was passed 
through ; and in all eighty-three coal seams were found, with a total 
thickness of about 90 metres. No mention is made of any springs being 
tapped, but 1 t metres of quicksand were passed through at the depth of 
200 metre's, immediately above the Coal-measures. The seams of coal 
alternated with beds of sandstone and shale. 

The lower half of the boi(', from 1,014 metres downwards, was not 
tubed, but th(^ upper lialf contained eight ditlerent sizes of tubing. Tin' 
first and largest extended from the top to 70 metres. Inside of this was 
the second, niaching from the top to 107 metres. Within this was the 
third, reaching from the top to 1 89 metres, and it was during the sinking 
of the third that the diamond borer was substituted for tlie percussive 
drill. The fourth size cxt<'iided from the top to 2G0 metres ; the fifth- 
from the top to 319 metres ; the sixth from the top to 571 metres; the 
sevontli from tlui top to 1,01 1 metres ; and the eighth from 540 metres 
to 1,014 iiK'tres, the necessity for this eighth tube having arisen from 
accidental injury to the s(*venth. An accident which subsequently 
occurred broke away a large portion of the eighth tube also, and as 
repair was found to be impossible, a considerable length of the borl^ (from 
the depth 571 metres to the depth 751 metres) was left witliout tubing, 
constituting a standing source of danger and trouble. 

In place of the solid rods employed for supporting and working the 
old pt'rcussive drills, hollow rods are employed in diamond boring, and 
water forced down the interior of the hollow rods washes up the debris 
through the surrounding space. The hollow rods are usually of wrought 
iron, and this was 'the case at Paruschowitz till the depth of 1,450 metres 
was reached, when, in order to diminish the enormous weight, it was 
decided to replace tlie wrought iron by Mannesniann steel tubes ; a change 
which was attended with great advantage during the remainder of the 
boring. 

As ri'gards the dianu'ter of the bore, the tubing wliich lined the first 450 
metres had an internal diameter of 92 millimetres. From this depth to 571 
metres tln^ diameter was 72 millimetres. Then occurred an un tubed interval 
of 183 meti esof considerably larger diamedcr, the tubing of 72 millimetres 
diameter commencing again at 754 metres, and continuing to 1,014 metres, 
from which depth to the bottom at 2,002 metres there was an untubed 
portion of uniform diameter which had been bored with a diamond crown 
of 69 millimetres. 

The method of plugging to prevent convection currents, which 
was PTiiployeil at Sperenberg and Schladebach, was not repeated at 
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Paruschowitz, possibly on account of the danger of caving in ; but in 
order to fulfil the same purpose as completely as the circumstances 
permitted, mud was pumped into the bore, and left undisturbed for 
some time, that it might acquire the permanent temperature of the 
strata. When observations were commenced, the last 40 metres of mud 
were found to have become so consolidated that the hollow rod employed 
for lowering the thermometers could net be forced into it, and the lowest 
observation that could be obtained was at 1,950 metres, about 200 metres 
deeper than the deepest obtained at Schladebach. The following is the 
record of the observations : — 


Reference 

Number. 

Depth, 

Metres,. 

Temp. 

Cent. 

Reference 

Number, 

Depth, 

Metros. 

Temp. 

Cent. 

1 

G 

o 

121 

33 

998 

o 

39-3 

2 

37 

131 

34 

1,029 

40 0 

r> 

68 

14-3 

35 

1,060 

41 4 

4 

99 

14-6 

36 

1,091 

42-4 

5 

130 

15 6 

37 

1,122 

43-1 

0 

161 

160 

38 

1,153 

15 1 

7 

192 

16 5 ; 

39 

1,184 

46 0 

8 

223 

17 3 , 

40 

1,215 

46*4 

9 

254 

18 1 ! 

41 

1,216 

47 0 

10 

285 

18-9 

42 

1,277 

48*4 

11 

316 

20 1 : 

43 

1,308 

48 5 

12 

317 

20 1 

14 

1.33!> 

49 0 

13 

378 

21T ! 

15 

1,370 

49 6 


409 

21 8 ; 

46 

1,101 

50 0 

y. 

15 

440 j 

22 5 1 

47 

1.432 

50 1 1 

IG 

471 ; 

23*5 1 

48 


53 8 1 

' 17 

502 

24-6 

49 

1.194 

53*4 

18 

i 533 1 

25-4 

50 

1,525 1 

53 8 

1 19 

; 564 , 

26 8 

51 

1,556 

55 0 

20 

595 1 

28-8 

52 

1,587 j 

55*3 

21 

626 

29T 

53 

1,618 1 

56*2 

22 

657 j 

30 4 

54 1 

1,649 

58 6 

23 

688 

30-8 

55 ! 

1,680 i 

1 60-3 

24 

719 1 

31-3 

56 

1,711 

61*4 

25 

1 'if' ‘"h) 1 

31-5 

57 

1,742 

' 62T 

2G 

781 ! 

31-6 

58 

1,773 

63-6 

27 

812 

1 32-8 

59 

1,804 

618 

28 

843 1 

31-1 

60 

1,835 

65 5 

29 

874 

1 35-4 

61 

1,866 

65*5 

30 

905 

35*8 

62 

1,897 

66 9 

31 

936 

370 

63 

1,928 

67*5 

32 , 

967 i 

37-3 

64 

1 ,959 

69-3 


Each temperature recorded in the list is the mean of the indications 
of six thermometers, which were enclosed together in a steel case, 
supported inside the hollow rod near its lower end. The case had been 
tested and found watertight under a pressure of 250 atmospheres. The 
thermometers were similar to those described in our account of the 
Schladebach observations— mercury thermometers of the ‘ overflow ' kind, 
open at the top, their indications being interpi eted by placing them in 
water which is gradually warmed up till the mercury is on the point of 
overflowing. 

As the operation of lowering a thermometer to any point in a bore 



OJf UNDERGROtJKD TEMPERATURE. 


69 


and hauling it up again disturbs the contents of the bore at all parts 
above this point, the general rule is to take the shallowest observation 
first and work downwards. On the other hand, when there is danger 
of caving in, it may be desirable to begin by securing the most valuable 
observation — that is, the deepest — and to work upwards. This latter 
was the order of observation adopted at Paruschowitz, the points of 
observation being at the uniform distance of 31 metres, the lowest at 
1,959 metres, and the highest at 6 metres. This makes sixty-four determi- 
nations, each being the mean of six readings. 

Though the observations were taken under less favourable conditions 
than those at SchladeV^ach, they are of very unusual interest, and the 
withholding of them from publication till the present time is a notable 
instance of excessive modesty. When they are plotted the curve obtained 
exhibits a satisfactory amount of regularity, and does not depart very far 
from a straight line joining its two ends. Of the two most conspicuous 
irregularities one extends over the portion where 183 metres of tubing 
were broken away- the temperature here being a degree or two higher 
than one would have expected — and the other at the point where the 
change was made from wrought-iron rods to Mannesmann steel, the in- 
terval between the two consecutive temperatures on opposite sides of this 
point being about three times the average interval. Several other points 
can be selected which show an excess or defect of temperature amounting 
to P, but this is only what was to be expected from the alternations ol 
different rocks. In some condensed reports of Bergrath Kobrich's com- 
munication (but not in the full paper as given in * Gluckauf ’) the irregu- 
larities are attributed to chemical action in the coal seams, causing ir- 
some cases a heating and in others a cooling ; but in the absence of moi^ 
direct evidence this explanation seems rather forced. 

The curve for the shallower portion from 6 metres to 533 metres is 
approximately a straight line of gradient PC. in 396 metres ; while the 
curve for the deepest portion — 1,680 metres to 1,959 metres — shows an 
average gradient of P C. in 31*0 metres. The intermediate portion-- 
533 metres to 1,680 metres (which is rather more wavy) — has an average 
gradient of P C. in 32*9 metres. 

Comparing the shallowest observation, 12°d at 6 metres, with the 
deepest, 69°'3 at 1 ,959 metr(?s, we have an increase of 57° ‘2 in 1,953 metres, 
which is at the rate of PC. in 34*1 metres, or P F. in 62-2 feet. This 
general average is the only result that has hitherto been published. 

No doubt s(;ems possible as to the correctness of the determination 
69° *3 at 1,959 metres. The firmness of the clay, being sufficient to pre- 
vent a hollow rod weighing several tons from going deeper, must have 
been sufficient to prevent convection. 

As regards the determination 12°*1 C. at 6 metres, one naturally 
compares it with the temperature found at precisely the same depth in 
the Schladebach bore, which was 8°*3 R., or 10°*4 C. Paruschowitz is a 
degree or degree and a half further south than Schladebach, but is 152 
metres higher, which about compensates the diffenmee of latitude, so that 
one would expect their temperatures to be the same. Further light is 
thrown upon the question of tlie temperature of Paruschowitz by com- 
parison with the known temperatures of places lying around it. 

The following particulars respecting neiglibomitig places and their 
mean annual temperatures are taken from Hannas ‘ Kliinatologie ' 
(Stutgart, 1897), vol. iii. p. 147 : — 
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1 


Lat. N. 

Long. E. 

Heiglii 

Temp. C. 

1 

j Ratibor 


0 

50 

fi 

o 

18 

/ 

l.S 

1 M. 

i 198 

8-1 

1 Cracow 


60 

4 

19 

59 

j 220 

7*8 

1 Prague 

• 

50 

5 

It 

26 

1 202 

8 8 

Eger . 

• 

50 

5 

12 

22 

1 455 

71 

1 Datschitz . 


49 

6 

15 

26 

! 165 

6-4 

1 Briinn 


49 

12 

16 

37 

1 210 ' 

1 8 4 

1 Oppeln 


50 

40 

17 

55 

1 175 

' 8*2 

1 Eichberg . 


1 60 

55 

1 15 

48 

i 349 

i 6 8 

. Breslau 


1 51 

7 

17 

2 

1 147 

1 8 3 

! Gorlitz 


! 61 

10 

15 

0 

1 210 

8 0 




To compare will 




Paruschowitz 


50 

7 

17 

33 

1 251 

1 — 


the latitude and lon^itud(t of Paruschowitz (in absence of more exact 
information) being identilied with those of the nearest town, Rybiiik. 

The nearest of these places is Ratibor, which is only twenty English 
miles distant, and has the same latitude. Its temperature is 8*1, and 
Paruschowitz, being 54 metres higher, should have a temperature of about 
7*8. The mean of the temperatures of the ten places is also 7' 8, their 
mean latitude being 50® 3 ['and mean lieight 235 metres. It appears 
certain that the temperature of Paruschowitz cannot diller by more than 
a few tenths of a degree from 8*0 ; and it is not usual for the mean 
annual temperature at the depth of 6 metres in the soil to differ by more 
than a few tenths from the mean temperature of the air. The observed 
,'emperature 12*1 at 6 metres appears then to be about 4® too high. 

This was apparently the latest of the sixty-four observations ; and the 
sixty-three lowerings and raisings again of the thermometers with tlnnr 
supporting rods through the mud which filled the bore would carry down 
colder mud from the top and replace it by warmer mutl brought up from 
below. 

Another cause tending to make the temperature at fi metres too liigh 
is suggested by comparing the temperature 1 0®*4 observed at. this dc^pth 
at Schladebach with 8° *4, which is given by Hann * as the mean tempera- 
ture of Leipzig, the nearest large town. The isolation by plugging in the 
Schladebach bore was very effective while it lasted ; but it proljably did 
not last long enough to restore the normal temperatures of the layers of 
rock urr-iurdi'ij the upper portion of the bore, after their prolonged 
exposure to warm water bi-ouglit up from below during tlie progress of 
the boring. 

The highest temperature that seems at all possible for the doptli of 
6 metres at Paruschowitz is 9® C. If we adopt 8*3, which is more prob- 
able, we have an increase of exactly 61° C. in 1,953 metres, or 1® C. in 
32 metres, or 1® F. in 58*3 feet. 

Treating the Schladebach ob-servations in the same way, if wc adopt 
8*6 as the temperature at 6 metres, we have an increase of 48® (j. in 1,7 10 
metres, or 1® C. in 35*6 metres, or 1® F. in 65 feet. This exactly agrees 
with Herr DunkeFs deduction as given in our report for 1889. 

It is very desirable that direct observations of the mean annual tem- 
perature of the soil at a small depth (say 1 metre oi* 2 meti-os) sliould be 


' Loc. cit. 
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taken at both Bchladebach and Paruschowitz for the purpose of removing 
all doubt. 

Since the presentation of their last report in 1895 the Committee have 
to deplore the loss of two valuable members, Professor Prestwich, who 
compiled tlie most complete account of underground temperature observa- 
tions yet published, and Mr. G. J. Symons, who, ever since the formation 
of the Committee in 1867, has been one of its most active members. 

They have pleasure in announcing that Mr. Bennett H. Brough, 
Secretary of the Iron and Steel Institute, who has rendered large 
assistance in obtaining the material for the present report, has consented 
to serve on the Committee. 


\f)U^ snr ninitC) de Presnion, Par te Dr. 0. K. GUILLAUME. 

[Ordered by the General Committee to be printed in e.rtfnsfl.] 

L’utilitti de Temploi d*une unite de pression deriveo du syster ^ C.G.S. 
n’est pas contestable De plus, une expiuaencc deja longue el sou vent 
repetce nous a enselgne qu’une unite n’est vraiment adniLse en pratique 
que lorsquo sa valeur normale en function d’un etalon a etc tixee, de 
maniere a ce que la realisation precise de cette unite* ainsi que sa 
representation matthdelle soit parfaitement assureo. L’adoption d’une 
valeur normale de Tunitt; de pression, ou, si Ton veut, d’un etalon de 
pression derive du systeme C.G.S., constitucrait done une utile addition 
au systeme generalement cmploy«' dans toutes les branches de la science. 

Los seules cpiestions st^ rapportant a runit(‘ de pression au sujet< 
desfiuolles il soit n<‘C('ssair(? de discutor encore .ivant Tadoption deBnitive 
d’un etalon sont les suivantes : - 

(Jiiel sera le multiple de riinih* C.G.S. (|ui sma considen* comme unit/* 
d(* pression pour la pratique ? 

Quelle .sera sa representation/ Eventuellement sera-t-il .ixaidageav 
de sc rallicr a un «Halon delinissable par un iiombrc simple, ct quel sera ce 
uombre, ? 

Quels sont les domaim*s auxquels Tunite dc. pression devra etre 
appliqm'e 2 Kn particulicr c-onviendra-t-il irabandonner la pression 
norniah^ detinie, par Ijaplace, (»t adoptee par les meteorologistes ct les 
physiciens ? 

— l^e, clioix <lu multiple est imliqui* par I'litilite qu il pent y 
avoir a s<5 rapproche.r, pour la noiivclh*. unit**, des grandeurs des unites h\s 
plus usuelles. (.V*s tlernicres sont ralmosph< n* rt If* kilogramme par centi- 
metre <%irrLs »|ui cmserrcnt, a moins dv 2 ])Our lUO pres, (»t par un heiircux 
hasard h'. produit par lO'* (h^ Tunitc C.(LS. 

On pourrait faire ti ce nndtiphi unc». seulo objt'ction, eVst ihi sc. troiiver 
c*.n dehors du systcim*. coherent am juel le mUt ct Uijouhi out eU'^ rattaches, 
de t(illo sorto <jue le produit de la nouvelle unite de pression par le 
centimetre cube serait egale au dixiemo de runite pratique d'energie, et 
non a Tunite pratique elhs-memc. Cependant il nc semble pas que cc 
d^faut soit assez grave pour faire renoncer a I’a vantage de se trouver si 
priNs des deux principales unites usuelles que, pour bcaucoup d applications, 
le changomc.nt serait insensible. 

Ufiprhetbtat'Km et Valeur , — L etalon thi pression serait eonveiiablement 
ropresente par une colonne de mercurc, ainsi (pi’il a etc fait jusqu’ici pour 



72 


REPORT— 1901. 


la plupart des unites de pression employees. L’atmosphere metrique et 
Tatmosph^re britannique sont dans ce cas, et ne diifi&rent que par la 
temperature k laquelle le mercure est considere, la hauteur de la colonne 
et le lieu de son exposition k Tattraction de la terre. En physique les 
pressions qui ne sont pas exprimees dans le syst^me C.G.S. sont rapportees 
k Fatmosph^re, et par la meme a une colonne de mercure, ou sont directc- 
ment exprirndes en fonction du millimetre de mercure. L’adoption generale 
de la reduction a 0°, meme par les meteorologistcs qui, suivaiit le systeme 
britannique, ramenent la longueur uiesuree sur Fechelle en pouces a 
62° F., no laisse aucuii doute sur la temperature de la colonne mercurielle, 
qui devra etre celle de la glace fondante. 

Le dernier 416ment qui roste a fixer, en dehors de la hauteur elle-meme 
de la colonne mercurielle, qui sera donnee par le calcul, est la valeur de 
Facceleration de la pesanteur, a laquelle la pression sera due. Aussi 
longtemps que les geoddsiens ont pu croire a Fexistence d^une valeur 
normale de Facceleration, definissable par unc latitude et une altitude, 
par exemple par la latitude de 45° et le niveau dc la mer, il ne 
semblait pas possible d’admettre une autre valeur dc Facceleration que 
cette derniere. Mais les recherches de ces dernieres annees ont fait 
decouvrir les anomalies locales qui rendent un pen incertaine et variable 
la valeur de Faccdli^ration que Fon avait consideree comine normale. 

La valeur de Facceleration donm^e par la reduction des stations du 
littoral m^diterraneen est de 980,714, en leger exec's sur la valeur de 
Greenwich et sur la plupart des stations continentales ; ee n^cst pas 
eependant une valeur exceptionnelle, et la reduction dc certaines stations 
donne des nombres encore seusiblemont plus eleves. 

La masse specifique du nujrcurc, e’est-a-dire le quotient de la masse 
d’une cortaine quantite de mercure par son volume a 0°, est, dans le 
systeme C.G.S., egale a 13,5950 a 3 ou 4 unites pros du quatrienu} chiffre 
decimal. En combinant les deux nombres qui precMent, on trouve, pour 
la pression exercee par une colonne de mercure de 1 metre, a 0°, et dans 
les conditions susdites de la pesanteur : 

1,33328 vi^gadf/nc par ronlnnetrr car re. 

La pression qui dovrait etn^ adoptee comme unite pratique serait done 
representee par une colonne de mercun? de 75,003 cm. a O'’ ct dans les 
conditions indiquecs ci-dessus. 

Les incertitudes de ce nombre portent encore : 

1° Sur la masse du decim^jtre cube d\*au ; 

2° Sur la densite relative du ineren n et de Feau ; 

3° Sur la valeur normale de la pesajiteur. 

Les deux premieres sont encore de Fordre d(' deux unitds du troisienio 
chifFre decimal, et diminueront avc'c le temps ; la troisieme fait intervenir 
un doute plus grand, si Fon considk*c Fenserable du Globe, et ce doute ne 
fera probablement que s^accentuer a mesure que les anomalies seront mieux 
ctudiees. 

On peut conclure de ce qui precede que Funitc pratiquci do pression 
pourrait etre representee par uno colonne de mercure de 75,000 cm. de 
hauteur a 0° sans que Fon sorte des incertitudes rc'sultant encore des 
mesures, et surtout de celles (j[ui sont inherentes au problcine lui-mcme 
et a la constitution de notre globe. 

On pourrait, pour diminuer cette incertitude, renverser le probl^me, 
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et, apr^s avoir serre de plus pr^s la valeur de la masse sp^cifique du mercure, 
adopter une valeur normale de Tacc^l^ration de la pesanteur telle que 
r unite de pression soil reprdscAifee rigoureusement par une colonne mer-^ 
curielle de 75 cm. de hauteur. Cette adoption n'aurait rien d’absurde 
puisque les geodesiens sont des niaintcnant impuissaiits a definir une 
intensity normale de la pesanteur sans s’engager dans une voie arbitrairc, 
et puisque, par surcroit, la valeur resultant de la definition ci-dessus 
serait comprise entre les valeurs parmi lesquelles les gt^od^siens pourraient 
choisir. 

Mais on peut se deinander si une telle definition est devenue nt^cessaire 
pour les besoins de Tunite de pression. II faut distinguer, en efFet, deux 
cas de I’emploi de cette unite. Toutes les fois qu’uno precision do Tordre 
de 1 /25 000 ne devra pas etre depassee, c’est-a-dire dans Timmense majo- 
ritt^ des applications, la dilFerence entre la valeur actuellement la plus 
probable de Tunite de pression et la valeur ronde fournie par une colonne 
de mercure de 75 cm. est entierement negligcable. Dans les cas, en petit 
nombre, ou une haute precision est exigee, les reductions a des conditions 
nornifdes ne pourront pas etre faites sans que Ton connaisse, au lieu meme 
de ^observation, la valeur de Tacceleration ; celle-ci devra, dans ce cas, 
etre dt^terrninee par des experiences directes et tr^s prdcises. 

Le problenio actuel est tres analogue a tous ceux, en nombre bieii plus 
grand, dans lesquels intcrvient la masse specifique des corps, deduite de 
leur density, et de la masse sptkdtique de Teau. Dans toutes les applica- 
tions ordinaires, cette derni^rc est admise comme ^tant egale a Tunit^, 
tandis quo, dans les calculs tres precis, il est necessaire, en principe, de 
tonir compte do la tres potitt‘. (n’reur commiso dans la construction 
kih*gr;nimi(*. 

ion.— 11 reste a fixer les domaines dans lesquels il sera uti.jf 
d’employer Tunite rationnelle de pression, et e’est la un point assez d^licat. 
On peut s attendee, d’ailleurs, a ce que cette unite n'arrive pas, des Ic ddbut, 
a toute Tex tension dont elle est susceptible, et qu^elle ne gagne que de proche 
en proche les domaines auxquels elle devra s^appliquer ; c est pourquoi, 
tout en recommandant son adoption aussi universelle que possible, il 
faudra s’attendre a ne la voir pem^trer que pen a peu dans Tiisage. 

Les cas bien indiquos de son application sont tous cfmx ou n’inter- 
vieiinent que des considcu’atioiis d’elasticite, dans les solides, les liquides 
et les gaz. Par une extension naturelle on y comprendra les phehiomcnes 
osmotiques, et ceux qui on dorivent. Mais on pemt se demandcr legitime- 
inent s'il serait praticablo d’adopter Tuiuto rationnelle comme pression 
normale en meteorologie, et dans la determination de la tempih’ature nor- 
male d’ebullition de Tcau pour la fixation du point suporieur de Techelle 
thermometrique. 

Sur ce point les avis peuvent etre tres part ages. D une part on peut 
craindre a juste titro le changement dans toutes les constantos thermiques 
que Tadoption de la nouvelle unite, comme pression normale, eutrainerait 
avec elle. D’autnj part, on peut se deinander s’il existe un lien logique 
entre les deux unites. 

Lc voisiiiage de Fatmosphere normale et de I’unite pratiiiue C.G.S. 
aurait rendu, il y a un certain nombre d’annees, le changement facile, et 
meiiK^ on peut dire que, si le systeme C.G.8. avait etc dtVeloppe des 
les debuts d(j rextcMision du systeme metri(]ue, la niegadync par centi- 
metre carre aurait eu bien des chances iletre adoptta^ comme pression 
normale. Mais la definition du point 100 des thermometres repose sur 
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des considerations pratiques, et sur une convention tout a fait arbitraire. 
Si la nouvelle unite de pression etait tres eloign de de Tatraosphere, 
la question ne se poserait meme pas, et on consid^rerait comme absurde 
de d^finir comme temperature norinale dMbullition de Teau celle qui 
correspond, par exemple, a une demi- atmosphere on a deux atmospheres. 

Done, bien que par des raisons de simple unitication, ou des raisons 
d elegance scientitique, on ne puisse nier qu’il doive etre plus satisfaisant 
de ne possMer qu’unc seule unite de pression, il ne faut pas perdre do vue 
le fait que. aussi longtemps qu’il s’agit simplement de la thermometrie, et 
des mesures qui en derivent immediatement, il n^y a aucune raison 
logique qui oblige a partir d’une unite de pression redieeau systerne C.G.S. 
et aucune necessite a rattacher le point de depart de la thermometrie a 
des considerations dependant de Tidasticte. 

On pent, cependant, envisager le probl6rae par un autre c6t^ particu- 
lier, qui militerait en faveur d’une seule unite pour les deux dornaines. 
Nous admettons comme evident que les constantes elastiques des liquides 
et des gaz doivent 6tre exprimees en fonctioii de Tunite ration nelle de 
pression. Les diverses constantes definissant Tcdat eVun liquide et do sa 
vapour en fonction de la temperature et de la pression dev'ront done; 
d(5pendre de Puuite employee pouj* mesurer cett(^ derniero. Ainsi, la 
temperature normale d ebullition devra logiqueinent etre donnee sous la 
pression que nous oonsidcirons comme normale ; et, si nous rapportons les 
temperatures a celles que Von obtient on designant pai* 100 cello qui 
rdsulte de V^bullition de Veau sous c(‘tte memo pression, la loi d()s etats 
correspondants se presente sous une forme numeruiueinent simple, tanrlis 
conservant la definition ordinaire du point 100 de la therino- 
• Iv trie, cette loi se preseute sous une forme compliquoe. 

Il resterait seulemeiit a examiner si la simplification resultant de 
Vadoption do la meme unite dans les deux cas, adoption qui c(U’taino,ment 
serait logique, compense la -perturbation qui resulterait d’un changemmit 
de toutes les donn^es thermiques accumuldes depuis un sicclo. 

Il n’est pas inutile do rappelcr eii effet que le changement de 70 a 7.") 
cm. de mercure modiherait Vintervalle fondamental de 0, 1 degre environ, 
et les temperatures meteorologiques ordinaires d’uno quantite do Vordre 
du dixieme de degro. Il ost vrai que cc changement serait pen sonsibh', 
puisque la reduction au thermometre a h\dn.i:''MH-, encore tivs incomplote- 
ment faite en meteorologie, entraine deja une modification du meiiuiordre. 
D^autre part les donnees relatives a la dilatation, aux chahuirs spticifiques, 
aux chaleurs de combustion et de combinaison, les points de fusion, etc., 
seraient deplaces ou moditii's de 4/1000 e.nviron. »Seul(is, his tomp(*ratur('s 
d’^bullition seraient modifices dans une rnoindre proportion, puiscpie. la 
nouvelle* pression lour serait appliquee. 

La question est, comme on le, voit, extremement complexes. Klh; pent 
se resumer en ces termes : 

Tl est utile et meme urgent d’adopter une unite de pression bastM* sur 
le systeme C.G.S. Cette unite doit etre egale ^ 1 million de fois Vunitd 
fondamentale. Pour tous les besoins de la pratique courante, et memo 
des mesures scientifiques, k Vexception des mesures de haute precision, 
cette unite pent etre reprdsentee par une colonne de mercure de 75 cm. 
de hauteur a 0® et dans los conditions de la pesanteur oncon*, envisage(*s 
comme normales par les ph\.-i<-ii*ii-. Pour les mesures tros precises, il ost 
ndeessaire de connaitre Vintensite de la pesanteur au lieu de Vobservatioii, 
afin de pouvoir expriiner reellemeiit la pression on unites C.G.S. 
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La nouvelle unite doit s’appliquer a tous les cas de I’elasticite. II 
convient de ne prendre aucune decision pour la bherinomdtrie avant d’avoir 
approfondi d’une part les simplifications qui rdsulteraient pour la physique 
des fiuides et notamment la loi des dtats correspond ants de I’emploi d^une 
seule unite, et, d’autre part, la perturbation qu'introduircait dans la 
thormometrie et les sciences d^riv^es un changom(*nt des bases de Fechelle 
des temperatures. 

Alloifs. — lieim't of the Committee, consist Iwj of Mr. V. H. Neville 
(C/wlrman and Secretary), Mr. C. T. IIeyc ock, amd Mr. K. H. 

(tKIFFITHS, apimnted to investif/ate the Nature of Alloys. 

Thk Committee on alloys beg leave to report that Messrs. Heycock and 
Neville have been continuing their study of the copper-tin alloys. 

A preliminary statement of the results obtainecl has been published 
in the ‘ Proceedings of the Royal Society,’ vol. Ixviii. 1901, pp. 171-178. 
A fuller account will be presented to the Royal Society shortly ; in the 
meantime tlie following summarises their conclusions. 

The work has been directed towards a verification of Roozeboom’s 
theoi’y of solid solutions in its application to the copper- tin alloys. 
Pyrometric observations have shown that when one of these alloys cools 
from a high temperature at which it is completely liquid there is often 
an evolution of heat, not only at the freezing point, but also at one or 
more tenq)eratures far below that of solidification. This is well seen in 
the cooling curves published by Sir William Roberts- Austen and Dr. 
Stansfield some years ago in their njports on alloys. We have found H 
<;ouvenient to repeat some of these cooling curves, which show very w^* 
the remarkable nature of these lower halts and the large amount of hea 
evolved at them. Roberts- Austen and Stansfield have shown in their 
fourth report on alloys, and more i*ecently in their paper on alloys pub- 
lished in the ‘ Proceedings of the Congres International de Physiques, ’ that 
if a continuous line in the concentration temperature diagram bo drawn 
through these lower halts a curve is obtained very similar to a freezing- 
point curve. We have reproduced this curve so far as our cooling curves 
enable us to do .so, and in the figure the line C'XD'YE' is a copy of this 
curve. Dur cooling curves and the C'E' curve have a certain value as 
confirming the original ones of Roberts- Au.sten and Stansfield, but we are 
not prepared to say that they contain anything new ; in fact our C'E' 
iuirve is incomplete. We traced the.se curves because they were needed 
for our later work. 

In our figure the upper curve. AHCDE is the freezing-point curve — the 
* liquidus ’ curve, as Roozeboom calls it. The dottecl line Nblciie is a 
rough drawing of the ‘ solidus ’ curve of Roozeboom so far as our experi- 
ments determine it. This curve is defined by the stateimuit that when 
the temperature of an alloy falls below the ‘solidus 'it sets to a solid 
mass ; the ‘solidus ’ might in fact be called the mrltuaf poiut curve. The 
dotted line /C' is a continuation of Roberts- Austen and Stansfiold’s curve. 
The numbers at the base of the figure give the atomic percentages of tin 
contained in the alloys, so that DD' on the *20 line corresponds to Cu 4 Sn, 
and EE' to Cu.jSn. As will bo seen, the figure docs not deal with alloys 
much richer in tin than the latter formula. 

As a microscopic study of the alloys, made in conjunction with a study 
of the freezing-point curve, has proved that in many cases the structure 
of the alloys could not possibly have arisen dnriuy solidification, but 
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must have had its origin at lower temperatures, we have attempted to 
obtain a permanent record of the structure of the alloys at different stages 
of temperature by cooling them slowly from a molten state to selected 
temperatures, and then chilling them. When an alloy had solidified 
before the moment of chilling, the subsequent changes in structure are 
generally very minute, often sub-microscopic, even if they take place at 
all . It may be doubted whether the chilling does absolutely prevent the 
later changes, but it enables us to di'iiingiii'.b the large scale structures 
already existing before the chill from the necessarily much more minute 


o ^ s ;z /6 zo 2^ 28 



structure formed during and after the chilling. We are thus by chilling, 
polishing, and etching able to form very trustworthy conclusions as to 
the structure of an alloy immediately before it was chilled. 

Numerous experiments of this kind show that an alloy chilled in the 
region of temperature between the solidus and liquidus contains large 
primary combs which, from their size, must have been formed before the 
chilling ; and that between them one often sees a crop of minute 
primaries similar to the large ones, but formed during the chilling. 
When the polished surface of a section of alloy is heated in tlie air the 
combs oxidise more rapidly than the mother substance in which they arc 
imbedded. They are also softer than the ground, for by prolonged 
polishing they are eaten out into a pattern. These peculiarities, as well 



ON ALLOYS. 


77 


as the behaviour of the alloys to etching reagents, make it certain that 
the combs are richer in copper than the average of each alloy or than the 
mother substance round them. The alloys chilled between the liquidus 
and the solidus were partially liquid at the moment of chilling, and as 
the chill was effected by dropping the alloy into water, the result was 
often to granulate the alloy ; one always finds in these chills more or 
less of a tin- rich mother substance. Alloys which had been cooled below 
the solidus before chilling are never granulated, and never show the 
second crop of primaries ; they must have been solid before the chill. 
Moreover, in the case of the AB alloys, when chilled below the solidus, 
the primaries fill the alloy ; a sure proof, as it seems to us, that an alloy 
becomes solid when its temperature falls below the solidus. This is still 
more marked in the case of the LODE alloys, for if these are chilled below 
the solidus, but above Roberts- Austen and Stansfield's curve, they 
appear to be homogeneous, though sometimes lines can be seen dividing 
the area of the etched surfaces into irregular polygons. Below the 
solidus the primaries are lost, not because they cease to exist, but 
because they have completely filled the alloy and assimilated the mother 
substance in which they grew. It appears, therefore, that each of these 
alloys is an approximately uniform mixed crystal phase when its tem- 
perature lies between tlie solidus and Roberts- Austen and Stansfield’s 
curve. On the other hand, alloys whose percentages lie between B and L 
do not solidify homogeneously. If chilled below the hlC line they are solid, 
))ut they contain copper-iich primary combs imbedded in tin-i'ich mother 
substance ; near B the combs preponderate, but with more tin the 
mother substance grows until at the percentage of L it forms the bulk, 
and in certain chills the whole of the alloy. jMoreover, if chilled abov^ 
C' the mother substance appears uniform, while below C' it breaks up 
into a minute eutectic of two bodies. Successive chills of one of these 
alloys at a series of temperatures from hlQ to C' show a remarkable 
growth of the primaries. For example, in the chills of Sujg taken close 
to hlQ the combs of copper-rich primary are scanty and tlie lobes are 
rounded, but as the chilling temperature is lowered the combs grow and 
become more angular and fanta.stie. Alloys between L and C show 
copper-rich primaries if chilled above /r, but these vanish in the chills 
between k and /C', while when th(i temperature falls below the curve 
IQ' a new copper-rich crystallisation appears. Photographs of the alloy 
Cuj^(;..,8ni;^.- are enclosed which illustrate these features. 

In the same way, the Cl) alloys which show copper-rich primaries if 
chilled above rr/, and are uniform solid solutions between cd and C'D', 
are found to contain a tin-rich crystallisation of bands and rosettes if 
chilled below the latter curve. The photographs 4, 5, and b of the paper 
published in the ‘ Royal Socit'ty Proceedings,’ plate 3, a ol. Ixviii., reproduce 
tliese facts. The alloys of th(‘ branch DE, and beyond, present very 
similar phenomena. They solidify in the narrow range of temperature 
between DE and but the solid solutions of the region beloAV de are 
very unstable, and the habit of crystallisation of the solid phase that 
separates out along D'E' differs from that of the branch XI)', a minor 
change showing itself near Y. 

Thus we see that Roberts- Austen and Stansfield’s curve, in its relation 
to the physical or chemical changes it indicates, closely resembles a freezing- 
point curve, except that above it there is an unsaturated solid solution, 
instead of the region of unsaturated liquids that lies above a freezing-point 
curve. The points on the curve correspond to saturated solids, while 
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below the curve the saturation has broken down, and the solid solution 
has separated into two solid phases. Just as would be the case with a 
freezing-point curve, the phase which first crystallises on the descending 
branch 10' is copper-rich, while that of the ascending branch X E' is tin- 
rich. Moreover, when the temperature falls to the eutectic angle O' or X, 
the residual matter breaks up into the solid eutectic, apparently common 
to all the alloys from B to D. 

The solid at D' is practically homogeneous even after the transforma- 
tion of the lower curve has taken place ; that is, the slowly cooled alloy 
here contains one phase : this may be the compound Cu|8n. The slow 
cooled alloy at E is also homogeneous, although when barely sol id it is far 
from being so. There can be hardly any doubt that this alloy when 
slowly cooled or chilled below E' is the pure compound Cu.^Sn ; but be- 
tween the temperatures E' and e this body may possibly not exist, and 
above e it certainly does not. This decomposition of the Cu;jSn at or 
even before melting explains why the freezing-point curve has no summit 
» ur' di j to a body which almost certainly exists in the slowly 
cooled alloys. It would be worth while to examine the changes in the 
electrical resistance of these alloys when chilled. 

Alloys containing somewhat more tin than CuySn go through similar 
changes as they cool. They solidify completely at temperatures that are 
not more than 30 or 40 degrees below their freezing point, the first 
matter solidifying being richer in copper than the alloy as a whole. When 
just solid the alloys appear to be uniform, and they remain so until their 
temperature falls to Roberts-Austen and Stansfield^s curve, at which point 
a solid, that may be Cu.^Sn, crystallises out of the solid solution in long bars, 
jj’diese bars do not entirely till the alloy, but are surrounded by mothei* 
^bstance which grows in bulk with increasing percentage of tin. 

The structure of the chilled alloys shows many other interesting 
features which the authors hope to discuss at a future time. 


Derivatives of Be /tzene, — Sec(M(l Report of the Co)ihin'Htee, 
condstirui o/* Professor H. A. Miers {Chairman)^ Dr. W. P. Wyn.xe, 
and Dr. H. E. Armstrong (Secretary). (Drawn vj> hy the Scere- 
tary.) 

The investigation of the 1:3; 5 series of sulphonic chlorides and bromides 
derived from 1 : 3 dichloro-, dibromo- and chlorobromo-benzene has been 
continued during the past year and is almost completed. The results 
confirm and extend those previously arrived at, but also show that it will 
be necessary to study very carefully the dependence of the crystalline 
form on temperature and solvent. Progress has been made in preparing 
material for the examination of the 1:2:3 series, the third set to which 
the 1 : 3 di-derivatives can give rise ; and the sulphonic derivatives of the 
1 : 2 dichloro-, dibromo- and bromochloro-benzenes are also under inves- 
tigation. 

The crystallographical relationship of corresponding methyl-, ethyl-, 
propyl- and butyl-benzene sulphonic derivatives is also being made the 
subject of study, with a view to determine the alteration in crystalline 
form produced on introducing homologous hydrocarbon radicles into 
benzenesulphonic acid. The results thus far obtained show that a very 
thorough examination of the series will be required to bring to light the 
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real character of the relationship, which is apparently of a less simple 
character than that met with in the case of corresponding halogen deri- 
vatives. 


On Ware-leufjth Ttihlas af iha Spednt of ilm Elements and Coiaimindfi, 
— Report of the Commitfen^ conddhuj o/'Sir H. Ji. IIOSCOE (Chair- 
man), Dr. Marshall Watts (fieerdwnj), Sir J. N. Lockyeji, Pro- 
fessor J. Dewar, l^rofessor (I. D. 1^ivein(l Prufi^ssor A. Schlster, 
Professor W. N. Hartley, Professor Wol('ott Gibbs, and Captain 
Sir W. DE W. Abney. 

Gold, Spark »Spectrum, p, 7B. I Ar^on, Vacuum-tube Spectrun), p. 97. 

lVlanp:ancsc, Arc Spectrum, p. 89. I Vanadium, Arc Spectrum, p. 100. 

Silicon, Spark Spectrum, p 96. ' 

Gold. 

Ultra-violet Spark Spectrum. 

Eder and Valonla, ‘ Denkschr. kaiscrl. Akad. Wissenscli. Wien,’ Iwiii. 1S99 
Exner and Haschek, * Sitzber, kaiserl. Akad. Wisssensch. Wien,’ evii. 1898. 

■*' Observed in the Arc-spectrum by Kayser and Runge 

I Wave-lengths enclosed within brackets are from Eder and Valenta’s ])ie\ious 
list of 1S96. 


Wa\c-lent»tli 


Eder luid Vulenta i Emu 


t (4792-79) 
( G0-:M) 

(468984) 
( 07-80) 
(4587 91) 
( ,59 05) 

( 49-64) 

(4488-49) 

( 97-37) 

( 20-69) 
( 10-5,5) 

(4995-72) 
( ^5 94 ) 

(4260-01) 
( 41-95) 

( 21-87) 
(4172 90) 
(4089-95) 
( 84-31) 


nnd Jlasch<‘U 

liitensitj 

and 

(Uiaraetei 

4803-4 

lb 

4792-79 

4i- 

<10-37 

In 

00-4 

In 

4683-77 

1 

07-72 

•> 

• > 

1588 0 

lb 

59-1 

lb 

49 7 

lb 

4499-1 

In 

88-45 

4r 

75-7 

In 

37-60 

2r 

31-3 

In 

20-80 

2r 

10 5 

In 

00-5 

In 

4395-6 

lb 

15-37 

8r 

4278-0 

In 

60-06 

2 

4200 

•> 

26-89 

2ca 

22 00 

In 

4173-02 

*> 

4089-9 

lb 

84-30 

2 


Reduction 


to Vacuum 

Oscillation 



Frequency 

A - 

1 

111 Vacuo 


A~ 





1-91 

5-7 

2081 :i 

»» 

tf 

858 9 

1-90 

5 8 

21005-1 

1-29 

5-9 

275 

1-2S 


941 4 

12-6 

, 6-0 

ti96 7 

»» 

»» 

1 789 

1-25 

6-1 

1 960 

>* 

yi 

986 

1 29 

,, 

22221 

»• 

(!L' 

\>79-2 

»• 

» 

950 

1-22 

1 

If 

529-0 

>> 

ff 

547 

1-21 

6-3 1 

1 629-2 

»» 


1 667 


1* ' 

i 718 7 

9> 

»» 

721 

MS 

6-4 

29171-9 

1-17 

<J-5 j 

369 


*» ! 

477-3 

1-16 

6 6 • 

.567-1 

»• 

M 

661-1 

»» 

»> 

678-8 

1-15 

0*7 , 

956-7 

1-12 

6-9 : 

24119 

»» 

»* 

460-9 


* 4792-79, 4488-46, 37*44, 4241-99, 4081-26. 


I 

1 


I 





80 


REPORT — 1901 


Gold — contiuuad. 



Wavo-length 

Intensity 

Reduction 
to Vacuum 

Oscillation 




Chavacter 


1_ 

\ 

Frequency 
in Vacuo 

Eder and Valenta 

Exnev and Haschek 

1 

\ + 

1 

1 



4083-49 

2 ' 

1-12 

6-9 

214S10 

i 

— 

77-83 

1 

,, 


521-5 

(407(>-60) 

76-52 

1 


„ 

523-8 

( 

65-20) 

* 65-25 

15 

,, 

? J 

,501-8 


— 

61-2 

lb 


,, 

606 


— 

67-0 

lb 


,, 

612 

( 

53 0 ) 

53-01 

7 

i-n 

„ 

666-1 

( 

41-07) 

* 41-06 

3s 


7-0 

738 9 


— 

30-1 

2b 


55 

801 

( 

28-66) 

28-63 

1 

,, 

„ 

815-3 

( 

20-86) 

20-87 

1 


,, 

863-0 

( 

16-27) 

16-28 

5r 


,, 

891-7 

( 

12-87) 

12-8 

In 

1-10 

,, 

913 


— 

12-35 

In 

„ 


916-3 


— 

02-6 

lb 


7 1 

999 ! 

( 

01-60) 

01 7 

lb 


„ 

998 

(398C 48) 

3986 48 

1 

,, 

55 

25077-8 

( 

86-04) 

86-1 

In 


55 

075 

( 

79 72) 

79-74 

2a 


,, 

120-1 

( 

76-80) 

76-77 

2n 

,, 

,, 

138-9 

( 

59-35) 

69-31 

2 

109 


249-8 

( 

45-19) 

46-2 

In 

,, 

7 2 

328 


— 

33-80 

4Ca 

1-08 


425-0 

•i'- ( 

33-16) 

33-1 

lb 

„ 


412 

( 

27-82) 

27-84 

3 


,, 

1 462-1 

( 

16-15) 

16-2 

2b I 

»» 

,, 

! 516 

( 

15 03) 

14-93 

In 1 

,, 

,, 

636-0 

( 

09-60) 

* 09-54 

Is ! 

55 ' 

„ 

! 571-2 

(389803) 

3898-1 

lOr 

„ 

7-3 

641 


— 

90-56 

In : 

1 07 j 


695-9 

( 

89-58) 

89-61 

In 

5 » 1 

„ 

702-2 


— 

83-47 I 

; 1 

,, 

)) 

; 742-9 

( 

80-34) 

80-45 

2 


,, 

1 762-9 

( 

77-45) 

77-12 ! 

2 ' 

; 55 j 


783-0 

( 

74-96) 

74-90 


1 ” 

55 

1 799-8 

( 

65-70) 

65-70 

i 

1 ,, 

„ 

861-2 



60-8 

In 

5, 

55 

894 

( 

59-53) 

59-50 

In 


55 

1 902-8 

( 

55-60) 

55-52 

In 

1 1-OG 

,, 

1 929-6 

( 

.53-76) 

53 72 

2n 


„ 

i 941-6 

— 

49 1 

In 

,, 

,, 

1 973 


— 

47-62 

In 

55 


; 982-8 

( 

45-02) 

45-02 

2n 

55 

55 

26000-4 


44-42 

In 


,, 

004-4 


— 

42-8 

In 

55 

,, 

015 

( 

37-70) 

37-7 

lb 

55 

,, 

060 


— 

86-62 

In 

,, 


■ 057-3 


— 

35-40 

In 

55 

1 

065-6 


— 

32-50 

In 

1 ” 

,5 

086-3 

( 

31-31) 

31-27 

In 

1 ” 


093-7 

( 

29-52) 

29-60 

In 

1 ’* 

' ,5 

104-8 

( 

28-56) 

28-4 

lb 

55 

1 ” 

114 

( 

26-87) 

25-87 

3u 

55 

1 55 

130-5 


: 24-6 

{ In 

,, 


140 

( 

23-20) 

1 23-12 

' 2n 

55 

55 

1 149-3 


* 4065 - 22 , 41 - 07 , 3909 - 64 , 3898 - 04 . 



OK WAVE-LENGTH TABLES OP TBE SPECTRA 

Gold — cuntiiiiied. 

OP THE elements. 81 


Wave-length 

1 

■ Intensity 

Reduction to 
Vacuum 

Oscillation 

Eclcr and Valcnta 

1 Exncr and Haschck 

and 

1 Character 

A + 

1_ 

\ 

Frequency 
in Vacuo* 

i (3822-11) 

1 3822-05 

■ 3ii 

1-00 

7-3 

26156-7 

( 

20-46) 

! 20-40 

In 

I ) 


168-0 

( 

16-50) 

! 16-42 


1-05 

7-4 

195-1 


— 

i 10-07 

' In 



238-8 


— 

j 08-1 

1 lb 

)* 

1 

216 

( 

06-95) 

07-1 

11. 


1 

i ” 

253 

— 

06-5 

lb 

J, 


263 

1 c 

04-22) 

1 04-20 

5 



267-0 

( 

00-76) 

1 00-50 

In 



304-9 

I (3709-41) 

3799-4 

1 In 



3i2 

i 

— 

98-15 

In 



321-3 

j ( 

96-16) 

96-10 

2n 



335-1 

1 

— 

95-4 

lb 



310 

j 

— 

94-4 

lb 


it 

347-2 

1 

— 

93-0 

In 

tf 

it 

357 

1 

— 

I 91-93 

1 

if 

1 

364-4 

1 

— 

88-8 

In 

it 

1 

390 

I ( 

87-37) 

87-1 

In 

a 

tt 

396 


— 

85-4 

In 

ti 

ti 

410 

( 

80-13) 

80-11 

2n 

it 

tt 

448-6 


— 

73-35 

3 

1-04 

it 

494-0 

( 

71-12) 

71-1 

In 

>> 

7-5 

604 

( 

70-14) 

70-1 

Jb 

i) 

it 


( 

65-76) 

66-73 

2 

a 

it 

642-7 * ’ 

( 

66-10) 

65-0 

In 

it 

ti 

652 ' ' 

( 

63-10) 

63-1 

In 

Si 

t) 

560 

, ( 

59-03) 

69-1 

lb 

,, 


595 

i ( 

54-86) 

54-8 

Jb 


ft 

625 

( 

6290) 

52-8 

Jb 


it 

639 

: ( 

16-5 ) 

46-1 

In 


.. 

687 

( 

32-68) 

32-6 

In 

1-03 , 


783 


— 

31-8 

In 

it j 

1 tt 

789 

( 

30-92) 

31-0 ; 

In ! 

i» 1 


797 

; ( 

18-02) 

18-0 

In 



887 


— 

14-2 

In 

it 

7-6 ! 

916 


— 

09-8 ! 

In 



948 

! ( 

08-30) 

08-3 I 

In I 


)* 

959 

i ( 

06-99) 

06-96 ! 

3n 


tt ^ 

968-7 

( 

02-49) 

02-50 

In 

it 

M i 

27001-2 

i (3698-rt5) 1 

3698-6 ! 

lb 

it 1 

1-02 1 

ft ' 

030 

( 

96-68) 

95-6 

lb i 


062 

( 

94-14) 

91*1 

lb i 


M 1 

063 

( 

90-18) 

90-2 

lb 1 

»> 

» 1 

091 

( 

87-60) 

87-6 

lb 1 


„ 1 

JIO 

1 

— 

83-00 

In ! 

it 

7-7 

144-1 

( 

81-39) 

81-60 

In 


1 

tt ’ 

164-4 


— 

80-9 • 

lb 

it 

it 

160 

( 

77-62) 1 

77-7 i 

lb 

tt 

tt 

183 

( 

76-62) 

76-6 

lb 



191 

( 

76-11) 

76-0 1 

lb 

»» 1 


203 

( 

72-93) * 

72-9 

lb 1 


,, 

219 

( 

71-34) j 

71-3 

lb j 

it 


231 

( 

68 06) 1 

58-2 

lb 1 

1 

»» 1 


328 

( 

67-35) 1 

57-2 

lb : 

1-01 1 

tt 

336 

1 ( 64-S6) i 

1901. 

64-8 

In ; 

»» 

tt 1 

354 

G 
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G OLD — continued. 



Wave-length 

Intensity 




and 




Character 

Edcr and Valcnta 

Exner and Hascliek 


(3651-22) 

3654-4 

In 

( 

( 

53-93) \ 
53-66) ; 

53-70 

2n 


— 

50-95 

1 

( 

49-25) 

49 26 

2ii 


— 

45-1 

lb 

( 

42-66) 

42-6 

lb 

( 

37-67) 

37-6 

lb 

( 

35-21) 

35-36 

2n 


— 

34-84 

2 


— 

34-40 

1 

( 

33-40) 

33-40 

5s 

( 

32-81) 

32-8 

In 


— 

31-6 

In 

( 

31-02) 

31-0 

In 

— 

23-9 

In 

( 

23-73) 

23-6 

In 

( 

22-93) 

22-9 

In 


— 

20-6 

lb 

( 

14-17) 

14-20 




09-71 

<> 

<■ 

07-69) 

07*70 

2n 

( 

04-94) 

05*0 

In 

( 

01-17) 

01-22 

2n 

(3S98-28) 

3698-20 

In 

( 

94-20) 

91-31 

In 

( 

91-90) 

92 03 

In 

— 

90-52 

In 

( 

86-66) 

86 81 

5n^ 

( 

55-58) 

55 5 

2n 

( 

63-72) 

53-70 

3n 




61 65 

1 

( 

49*26) 

49 2 

lb 

( 

48-26) 

48-20 1 

1 

( 

28-25) 

28-1 1 

1 2n' 

( 

23-42) 

23-50 ! 

! 1 

(3492-99) 

3493-02 

In 

( 

87-34) 

87-33 1 

In 

— 

1 87-1 

In 




81-35 , 

In 

( 

70-47) 

! 70-5 

In 



60-8 

In 




67-06 

In 

( 

62-27) 

52-4 

lb 



41-5 

In 




21-37 

1 




04-73 

1 




04-06 

In 

(3383-06) 

3383-06 1 

2 




82-6 1 

i In 

( 

82-26) 

82-1 

1 

( 

68-61) 

68-5 

lb 

( 

65-35) 

66-29 

; 1 

( 

08-36) 

* 08-43 ! 

! 1 

1 (32'80-r2) 

328tr-SS 



* 3563*72, 3308-42. 


Reduction to | 

Vacuum | 


1_ 


K 

1-01 

7-7 

1) 

»» 

If 

11 

78 

- 

»» 


’’ 

1 




»» 

’ 

11 

»» 

1-00 

11 

i 

- 

1 

” 

’* 1 


«) j 

f ’9 


*) 

j ” 

’) 1 

0-99 ; 

” 1 

SO 1 

>» 

” 1 

n 

>’ 1 

0-98 1 

” 1 

0-97 i 

j 

1 s’l 

1 I 


I ” ' 

i »» ! 

1 1 

» : 

: «'2 1 

»♦ 

» 1 

0-96 

» 1 


» 1 

j 

11 

8-3 1 

0-96 

»> * 

n 

” 

s’l 

f» 

1 


)» 

* 0-94 

8-5 ' 

1 M 

** 1 

1 0-93 i 

I 8-6 

1 0*92 

8-7 1 


Oscillation 
Frequency 
in Vacuo 


27357 

361*8 


382-4 
395*2 
426 
115 
183 
199-0 
503-7 
507-1 
514-6 
510 
528 
533 
587 
580 
501 
613 
OGO'S 
605*0 
710-7 
731 
760-6 
783-0 
813-0 
831-5 
843-2 
871-S 
28117-5 
131-8 
147-0 
167 
176 3 
336 
372-0 
620-1 
667-1 
6(;0 
716-1 
806 
887 
018-2 
057 
29040 
210-8 
362-6 
368-6 
560-6 
555 
669 
767 
795-2 
30217-2 
471-2 
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Gold — continued. 


Wave-length 

; 

' Intenbity 

1 and 

1 Character 

' 

Reduction | 
to Vacuum | 

i 

Oscillation j 
Frequency l 
in Vacuo | 

j 

Jhlder unci Valontii 

Kxiioi- and llaschek 

A -1- 

i_ 

A ! 

(3273*81) 

3274-1 



1 Cii 

0*92 1 

8-7 j 

1 

30634 ! 

( (5518) 

* 05-20 

1 

»1 i 

»» 1 

617*3 1 

17 05 

1 

0-91 : 

8-8 . 

782-7 i 


12-8 

In 

,, 

>» 

829 j 

( :i0-73) 

* 30-76 

2ii 

' 

yy 

943-7 j 

c 28 0 ) 

28*15 

lu 

- 


968 7 1 

( 21-91) 

22-0 

lb 


,, 

31028 

( 01*75) 

04*8 

lb 

0-00 

8-9 

194 ! 

(3194-90) 

*3101-0 

lb 

M I 

yy 

291 

( 50-73) 

50-78 

1 

0-89 

9-0 

6G8-8 

( 22-SS) 

22-97 

6 

0-88 ! 

9-1 

32011*7 

22-63 

5s 

yy 

yy 

015-2 

(3033-35) 

*3033-3 

lb 

0-86 i 

9-1 

968 

( 20-32) 

-*• 20-31 

1 2 

»> i 

,, 

33001*4 

( 15-9:!) 

15*97 

i 1 

0 85 

9-5 

147-3 

— 

2905*00 

1 3 

yy 

9*6 

378-4 


90-12 

' 4s 


»» 

430-5 

_ 

82*25 

I 1 

0-84 i 

” 1 

522-1 

(205 1-0 1) 

54-51 

1 •' 


9-7 

836*9 

( 32-33) 

1 ;i2-32 

1 *> 

0-83 ; 

9-8 

34002*9 

( 18-18) 

18-52 

1 In 

1 »> * 

9-9 

254-0 

lo-oa-'* 

13 68 

' O.s 

M . 


311*3 

07*18 

07 10 

Is 


,, 

387-6 

()6()7‘^ 

06 05 

2n 



400*9 „ ; 

2S03-51 

2893-55 

3n 

0 82 : 

10*0 

549*9 , 

02 05* 

02*07 

2n 



567-4 

85*08 i 

85-72 




643-6 ; 

S3-50» 1 

83 57 

; 3 

,, 


669*1 

0103 : 

0,1 6 

11) 

0 81 

10-1 

889 

00-80 


111 



945-2 , 

57-01 

57 00 

2ii 

,, 


991-4 1 

52*05 i 

i 

2b 

,, 

,, 

36045-0 

52-30 

.. 

' In 

,, 

,, 

049*3 

17-23 ; 

17-20 

3n 

,, 

10-2 

111-8 

38] <; 

381 3 

5s 


,, 

224 1 

35*55 

3«) t) 

2s 

' 

,, 

267 

33-10 

:5317 

2s 

, 


286-0 

25-50 

25-58 

6s 

i - 

,, 

380*9 

22-87 

22-85 

T) 

; 0-80 

10-3 , 

114*9 

20-11 

20-11 

i On 

1 •’ 

.» ' 

449*4 

05-11 

05-10 

' 2 

! y' 

•’ i 

635*1 1 

02-35 

02-30 

10s 

; „ 

,, ! 

674*5 i 

2705-03 

2705-73 

2 

1 •' 1 

10-1 ; 

769*1 

80-03 

80-06 

3s 

! 0-79 


948-6 


40-0 

' In 

*» 

10-6 ' 

36366 

lS-35- 

18-35 

i 5s 


•’ ! 

374-9 

15-80 

! 

' Is 

1 

1 

408-7 

J3-27 

1 

Is 


,, 1 

442*2 

32-1 1 

' ' 32-10 

' 2 s 

0-78 


591*0 

21-00 

2101 

2s 

1 

10 7 

727*7 

’ 

! 06-13 

i 1 

,, 

” 1 

942*4 

03*41 

03*51 

2s 

,, 


978-7 ! 

_ 

02-54 

— 

>• 

10 8 ' 

991*4 


* ."26518. 30'73. 04-81, 3194-82, 22-88, 30.33-38, 
2892-07, 2883-55, 2748-35r. 


29-32, 2032-33, 2913-63, 2005-98. 

G 2 
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Gold — continued. 


Wavo-l(‘iigth 


Eder and Valciitii , Exiicr and Haschck 


270101^' 

2701*03 

2699*4 


97*8 


94*40* 



90*5 

— 

,s8-80’‘ 

2688 82 

88*26 

88 26 

87*73 

87*73 

S6*0 



S2*3 



76*08* 

76 10 

1 JL <1 

70*7 


67*09 

67 09 

65*28 : 

65 25 

— 

59 57 

51*2 

— 

1 5 5 j 



4 1 *65 

41*56 

35*4 

- _ 

34*4 



31*7 

— 

27 1 t 

27 09 

25*60 

2J‘2 

22*0 

25*60 

17*58 

17*48 

16*69 

16*62 

12 8 

11*9 

- 

10*36 

10 1 

09*61 

09*60 

07 4 


05*0 


2599*5 

2599 5 

92*18 

92 20 

90 18-^ 

90*18 

83*5 

' _ 

80*1 


7‘) 1 

___ 

77*7 

1 

75-3 

— 

71*4 

— 

65*80 

65*80 

62*7 

, — 

61*9 

— 

58*0 

1 — 

52*92 

52 9 

50*28 

, 50*3 

44*29^^ 

; 44*3 

38 07 

1 38 09 

37*0 

1 __ 

33 92 

i — 


1 

Intensity ' 

Reduction to | 
Vacuum 

Oscillation 

and 

Character 

A + 

1 

A*” 

Frequency 
in Vacuo 

3s 

0*78 

10 s 

37012*2 

In 


„ 

034*5 

Is 



056 

2s 


,, 

103*2 

In 



157 

Is 

0*77 

,, 

180*2 

3s 

,, 

. 1 

188 0 

4s 1 


n 

196*3 

In 


,, 

219 

In 

, J 

„ 

271 

12s 


10 9 

357 1 

1 


,, 

410 

1 


,, 

i;J2*6 

2^ 

,, 

,, 

183*1 

2s 1 


,, 

5090 

Is 


,, 

589*2 

Is 

0 76 

11*0 

708 

2b 

,, 


789 

6s 


„ 

845-1 

In 


ft 

934 

In ! 


„ 

948 

In , 

,, 

11 i 

987 

:’»s j 


ft 

38053*8 

2s 

ft 

1) 

076*1 

2b ! 


,, 

096 

2n 


,, 

128 

2s ' 


>» 

193 6 

3ii j 



206* 1 

In 



262 

1 n 

,, 

,, 

275 

In ' 

,, 

,, 

297 

2b 1 

0 To 

,, 

309*0 

In 


11*2 

341 

In 

,, 

,, 

377 

2' 


,, 

158 


1 > 


566 1 

Is 


,, 

696*2 

2n ' 

*1 

11*3 

696 

: \ 


,, 

747 

1 In 1 

,, 


757 

! 



1 783 

In 


,, 

! 819 

! 2n 

,, 


878 

1 4s 

! " 

11*1 ! 

962*8 

! 2s 

0-71 

J, 

39010 

! In 


>» 

023 

! 2n 



082 

! 2s 

i „ 

5> 

159*6 

2s 

ft 

»> 

1 199*8 

Is 


11*5 

292*2 

3n 



388*4 



! tt ' 

1 105 

' 3s 


* „ ‘ 

' 421*9 


» 2701 -03, 2684 'tO, 2688-86, 2676 05r, 259019, 2514-30. 
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(■OLD -cntitinvetl. 


Wavo-lcngtli 

Intensity 

and 

Character 

Reduction to 
Vacuum 

Oscillation ; 
Frequency ! 
in Vacuo j 

I 

Eder and Valenta 

Exner and Haschek 

A+ . 

1 

A,- 

2633*70 

2533*74 

4h 

0*74 

11*5 

39466*9 j 

28*2 

28*15 

2s 


11*0 

543*0 ! 

22*8 

— 

2ri 



627 

20*7 

— 

2s 



660 1 

17-2 

— 

2n 

0*73 


716 

16*16 

1617 

2s 



747 1 

IJ 7 

— 

In 

,, 

11 7 

802 

10*69^ 

10*59 

Is 



819*0 

06*36 

06*38 

2‘s 



886*6 



06*07 

In 



891*4 

0337 

03*33 

7s 

,, 


934*8 

2496*3 

— 

Is 



10064 

92 74 

2492*68 

2b 


11 8 

105*7 

91*68 

91*6 

Is 



123*4 

90*40 

<K)*6 

2.S 

»* 


140*9 

88 3 

88*98 

2s 

»> 

»» 

165*3 

83*4 

— 

2n 



255 i 

80*35 

80*35 

3s 


>» 

305*1 ! 

78*69 

78*68 

Is 


•> 

332*3 

77 70 

77*80 

Is 



346*0 

762 

76*10 

3n 


11*9 

374*2 1 

73*84 

73*90 

In 



110*0 ! 

08*00 

68*05 

2b 

, 0*72 


506*9 Z 

58*16 

58*25 

2s 

»> 

12*0 

667*3 

66*65 

— 

' 2b 



695*5 

65*34 

.. 

2b 



715*0 i 

62*79 

— 

2b 


♦» 

757*9 

47*94 

48*00 

2s Ag 



830*7 

46*01 

— 

In 


*» 

860*9 



40*20 

In 

' >» 


867*7 

16*6 

45*67 

! 3b 



876*6 1 

44*3 1 


lb 



900 

42*47 

42*48 

2b 

,, 1 

12*1 

929*9 

37*83 

37*89 

3s Ag 

>> 


41007*0 ' 

34*5 

1 — 

In 



i)64 I 

33*67 

i 33*7 

2 

“ i 


i 078*2 

33*3 


; 2s 


>» 

084 

28-06’^ 

1 28*10 

: I5r 


12*2 

1 172*3 



i 25*06 

In 



224*1 i 

23*8 

i 

i 

i 2 



246 

19*41 

19*1 

t In 

; 0*71 


' 320*1 

19*1 



1 



; 327 

17*4 

— 

2 



; 365 

16*68 

16*7 

2b 



; 367*9 

14*30 

— 

In 


1) 

1 406*6 

13*27 

13*31 

3s 

1 

*» 

1 424*7 

11*40 

11*60 

2s 

1 

12*3 

455*7 

10*7 

1 

Is 

' *» 


470 

08*89 

[ 

2n 


>» 

500*6 

07*42 

1 

2u 



: 525*9 

06*20 

1 05*24 

3s 


»» 

563*6 

04*97 

04*96 

2s 



668-6 

02*80 

i 02*83 

3s 

,, 

*1 

606*3 


* 2610-66, 2428-OGr. 
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Gold — contin ued. 


Wave-length 

Intensity 

and 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Eder and Valenta 

Exner and Haschek 

Character 


1 

2401-63 

2401*68 

2s 

0-71 

12*3 

41625-2 

— 

01-3 

In 


,, 

632 

00-2 

— 

1 Ca 


)» 

651 

2399*3 

— 

1 


»» 

666 

96-7 

— 

1 


12-4 

729 

93*62 

2393*66 

2s 



764*6 

91-7 ; 

— 

In i 



799 

88*26 1 

88 35 

3s : 



857-5 ! 

87-82* 1 

87*84 

4s , 



866-5 

84*29 ! 

— 

2s 


„ 

928*8 

82*50 i 

82*51 

3b 1 


12 5 

960*0 

80*5 1 

— 

In ! 



42095 > 

79-3 1 

— 

Is 


,, 

017 1 

! 

78*0 

In 



040 ! 

77-2 ' 

77*3 

1 



053 

76*35 

76*31 

4s 


f' 

069-6 

73*20 

- 

2n 

0 70 


124*7 1 

71*69 

71*67 

lb 


„ 

151*9 1 

69*40 

69*46 

4n 


i ,, 

174*0 1 

— 

68*10 

1 

! 12*6 

216 3 

06-01 \ 

64*99 1 

6 1 * 


1 M 

270*9 

64*68 / * 

64*64 1 

3a 


,, 

277*1 

1 69-1 

— 

In 


1 ,, 

376 

57*9 

58*02 

In 


1 

395*9 

55-63 

65*57 

2s 


' 

440*3 

r)2*67» 

52-81 

5s 


1 12*7 

490*9 

51-69 

51*61 

! 2s 


,, 

511*1 

48-2 

— 

Is 


,, 

573 

47-10 i 

47*23 

2s 

! 

,, 

592 0 

44-25 

— 

2s 

1 

,, 

6M*9 

43*0 

— 

2s 

1 

1 ’* 

056 

42-81 


1 1 


,, 

671*1 

41-5 

— 

i 1 

■ ’’ 


695 

40*27 

40-30 

1 7b 


12*8 

716*8 

34*20 

34-15 

1 2b 

1 


829*3 

— 

32*00 

1 2n 


n 

868*9 

31*46 

31*46 

2s 

1 ” 


878 8 

31*20 

— 

Is 


»» 

S83-6 

30*7 

— 

; Is 


>1 

893 

26*7 

26*8 

! In 

>» 

12*9 

964*6 

26*77 

26*80 

2s 

1 o-fiil 

»» 

983-1 

26*34 

25*32 

2 

1 


991*9 

24-7 

24*73 

' Is 


»» 

43002*8 

22-34 

22*39 

7s 

I 


046*2 

21*4 

— 

Is 

1 ” 

1 »* 

064 

20-35 

20*37 

2s 


I ,, 

083-7 

18-28 

18*39 

2 

i ** 

n 

120*5 

17*5 

17*10 

Is Ag 
6s 

! ” 

1 ” 

144*5 

15*94 

15*96 

1 


105-7 

14-73 

14-77 

(is 

>9 


187*9 

i2-2 

12*3 

■ 2 


13*0 

234 

-- 

11*06 

1 



267*2 

09-54 

09-60 

; 6s 

>» 


286-4 

08-2 

1 08*26 

! 1 



309*7 

04-89 

04-90 

, 9b 


! >• 

1 372*8 


^ 2387-85. 2864*69, 2352*76. 
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G OLD — continned. 


Wave-length 

Intensity 

and 

Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

and Valeiita 

Exner and Haschck 

A.+ 

1 

A 

2 : 101*1 

2301*15 

In 

0*69 

13*1 

43443*4 

00*4 

— 

Is 


5> 

468 

2298-3 

— 

In 

»> 


497 

90*9 

2296*92 

2s 

» 


523-6 

___ 

96-62 

1 


51 

629*2 

95*18 

95*20 

3s 

it 

5» 

666*1 

94*08 

94*1 

2b 



577 

91 *591 

91*60 

6b 


>5 

624*5 

88*70 

88*66 

2s 1 „ ^ 


680*6 

87*79 

87-86 

3n ; 

13*2 

696*0 

86*7 

86*80 

In 



716*0 

83*37 • 

83*38 

58 



779-5 

82*95 

82*94 

3n 

j> ® >» 

890*0 

— 

80*05 

In Ag 


it 

845*5 

79-42 

79*40 

2n 


ti 

868*0 

— 

78*10 

1 

0*68 


883*0 

77*62 

77*66 

4n 

13*3 

889*7 

73*2 

73-25 

Is 


976*6 

70*3 

70*27 

2s 

ti 


44034*3 

670:^ 

67*07 

2s 



091*5 

66*20 

66*01 

:ib 

tt 

tt 

117*1 

65*3 

66*10 

In 

„ 

ti 

134*9 

63 75 

63*77 

3n 



160*8 

62*68 

62*70 

3n 


13*4 

181*6^ 

61*32 

Gl-;i5 

2n 


it 

208*00 

60*36 

— 

2n 



227*3 * 

55*90 

55*95 

2n 


,, 

ai3*v 

55*00 

56*1 

in 

55 

a 

331 ' 

53*44 

53*48 

3s 


it 

362*4 



49*13 

1 


13*5 

448 1 

48*70 

48*77 

2n 

; n 

>♦ 

455*3 

46*76 

46*70 

3n 

5» 

it 

696*2 



46*50 

1 

51 

it 

600*2 



1 45*5:3 

1 



519*4 

13*0 

41*01 

In 



549*6 

42*71 

! 42*78 

5s 


,, 

574*0 


42*00 

— 

! 

i >» 

1 589*5 

40*36 

40*35 

13 


i 622*4 

37*56 

37*55 

2 n ! 

13*6 

j 678*1 

33*75 

33*75 

2n 1 „ 


! 754*2 

31*:37 

31*40 

1 4n 1 

a 

i 801*3 

29*09 

; 29*07 

6n „ 

,, 

i 848*2 



1 24*7 

In 

1 0*67 

13*7 

936 

22*64 

22*70 

2n j „ 


976*6 

20*64 

20 62 

3s 1 ,, 


46018*8 

19*4 

19*25 

2 i „ 

it 

046*6 

15*85 

16*80 

3u : „ 

it 

116*7 

13*20 

13*25 

4s 

i - 

13*8 

168*6 

10*64 

10*73 

3s 

1 

i ” 


220*1 

10*30 

10*27 

Is 


„ 

229-5 

05*92 

05*97 

2s 


tt 

317*7 

01*35 

01*42 

5a 


„ 

45411-3 

2193*7 

2193*56 

1 

:: 

,, 

674*3 

92*7 



1 Is 


1 *’ 

692*0 

90*7 

90'57 

Is 

14*0 

636*2 


^ 2283-4U. 
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Gold — continued. 


Wave-length 

V and Haschek 

Intensity 

Reduction t o 
Vacuum 

Oscillation 

Eder and Valenta Exne 

Character 

A+ 

A 

Frequency 
in Vacuo 

2188-97 

2189-03 

4s 

0-67 14-0 

45668-3 

8G-9 

86-80 

2 

»> If 

714-9 

85'7 

85-66 

2s 


739-0 

84-15 

84-21 

2s 


769-1 

72-26 ' 

72-28 

2s 

0-66 14-1 

46020-5 

67-5 j 

67-40 

2s 

„ 1 14-2 

124-0 

— 1 

61 27 

In 

• » »> 

264-9 

60-7 1 

60-56 

2n 


270-3 

59-2 , 

59-13 

2n 

„ 11-3 

300-7 

57-18 j 

67-21 

2n 

it if 

341-9 

64-4 1 

54-30 

2n 

tt ft 

404-6 

— 

44-27 

1 

M 14-4 

621-6 

40-5 

40-6 

In 


704 

37-95 

37-96 

2b 


769-4 

33-4 

33-3 

lb 

„ 14-6 

860 

— 

29-67 

1 

0-65 

943-3 

29-03 

— 

Is 

a ft 

966-2 

26*8 

26-73 

2s 

tt H-6 

47003!) 

25-28 

25-32 

4s 

»» >t 

037-1 

13-7 

13-69 

Is 

„ 14-7 

295-9 

10-74 

10-78 

6s 


36M 

1 2098-8 

— 

In 

„ 14-8 

631 

' 98-2 

2098-18 

Is 


645-6 

I 960 

— 

In 

„ 14-9 

718 

, 85-4 

— 

I 1 

16-0 

937 

83-1 

83-16 

Is 

n 5? 

48989-0 

82’10 

82-16 

5s 


012-7 

71-7 

— 

! 1 1 

0-64 16-1 

255 

64-0 

— 

1 ! 

„ 15-2 

434 

69-9 

— 



531 

56-6 

— 

1 1 

1 

609 

55-4 

— 

1 j 

i „ 15-3 

637 

44 65 

44-70 1 

6s 

15-4 ; 

i 891-5 

12-10 

00-9 1 

In 1 

0-63 15-7 1 

! 49683-6 

00-77 


3.S i 

15-8 ! 

965-0 

1988-99 

— 1 

Is 1 

„ 1 16-0 i 

50260-8 1 

77-59 

1977-6 i 

1 ! 

M i 161 i 

550 

72-66 

— I 

1 ! 

0-62 „ 1 

676-9 , 

55-64 

— i 

1 1 

„ 16-3 

51117-9 1 

61-69 1 

1 

3 i 

J „ 16-4 

223-9 

48-48 j 


1 i 

1 >> >7 

305-7 ; 

46-41 

1 

1 1 

! » 

360-2 1 

44-35 

— 

1 1 

1 „ 16 5 

414 6 

36-13 

— 

lb 1 

M 16-6 

659-6 

31-74 

— 

i " i 

if ft 

750-2 

25-19 

— 

2 

0-61 16-7 

926-2 

21-38 

— 

1 8 

>’ tt 

52029-2 

19-39 

— 1 

1 6 

it 16-8 

083-1 

18-04 

— 

j 1 

tf a 1 

119-8 i 

04-41 

— 

1 1 

„ 16-9 1 

492-8 1 

1890-26 

— 

1 2 

„ 17-2 1 

886-9 1 

86-85 

— 

: 2 

fi n i 

981-2 

79-72 

— 

1 1 

1 „ 17-3 

I 53182*1 1 

61-68 j 


2 

i 0'60 17-6 

, 697-4 , 
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Manganese (Arc Spectrum). 

Hasselberg : ‘Kongl. Svenska Vetenskaps-Akadem. Handl.,’ Bd. xxx., No. 2. 1807. 

* Coincident with Fraunhofer lines. 

X These lines seem not to occur in Exner and Haschek’s lisi «.f spark 

lines, Sitzber, ‘ Kais. Akad. Wissensch. Wien.’ civ. (1805), cv, vl"’.'')). Tiii'- list in- 
cludes 1,550 lines, extending from 4824 to 2112. Within these limits all the lines 
of the arc spectrum not marked J seem to occur. 


Wavo-loiijitlJ Intensity i 
vRo\sliind. ; and | 
j Character ' 


♦6849*33 1 

2 

17*16 

2 1 

*57(j0'42 

3 ! 

♦ 38*49 

4 j 

6573*94 

6 

♦ 73*27 


56*09 

2 

62*75 

2 

52*24 

5 

38*07 

7 

* 35*77 


♦ 17*05 

7 

15*06 

2 

* 06*15 

5 

04-53 


5497*67 

2 

96*23 

2 

81*67 

^ 1 

* 70*86 

^ i 

♦ 57*71 

4 j 

33*67 

4n ; 

^ 32 75 

5 1 

20*58 

i *1 ; 

♦ 13*94 

1 * 

1 ! 

♦ 07*63 

I 7 

06*32 

i 2 

♦6399*72 

1 6 

♦ 94*88 

! 6 

♦ 88*76 

i •> 

♦ 77*83 

j 6 

77*46 

1 •) 

i 

* 60*08 

4 

48*31 

2 


Previous Observations 
(Rowland ; 


6737-910 Rowland 


.5562 193 


5617*03 Thal^n, 


5420*50 

13*70 

07*80 

00*85 

5394*75 

77*85 


f 38 025 
\ 37*928 

17*034 

16*9,50 

06*095 


5470*883 

70*802 

,57*701 

32*753 
I 20*61 :i 
( 20*510 
1.3*889 
I 07*688 
t 07*587 

5399*675 
I 94 913 
\ 94*839 

77*800 

.50*059 


44*66 


3n 


* 41*22 9 

24*53 ! 3 

17*33 I 2 

09*16 1 3n 

6299*09 I 2 

98*13 ’ 2 


44*646 

41*45 „ 41*337 


Reduction to j 
Vacuum j 

Oscillation 
Frequency 
in Vacuo 

\ + J 

1 

i 1 

A 1 

.. ... 

1-D9 1 

4*6 ' 

17091*4 

i 

4*7 1 

185*8 

1*58 ' 

j 

295*1 

1*66 ! 

*’ i 

421*6 

1*52 1 

4*9 i 

935*7 


1 

937*9 

1 

•» 1 

1 

993*4 

1*51 1 


18004*2 

V 1 


005*8 


>» 

061*9 



054*4 

>> 


120*7 2 

,, 

,* i 

127*3 ^ 

1*50 

5*0 

164*5 ’ 

,, 

n 

166*8''b 

,, 

n 

184*5 

»* 

„ 

189*3 



237 6 

1*49 


27,3*7 

,, 


317*7 

1*48 

,, 

398*8 



401*9 


»> 

1 13*2 


It 

: 465*8 


i ,, 

j 

I 487*4 



^ 495 3 

1*47 

; ^’1 

514*4 

1 

, ?» 

i 

tt 

531*0 

1 ” 

i 

552*0 


' 1, 

589*8 

' ,, 


,591*0 

1 1*46 

J J 

686*2 

1 

1 

712*4 

1 

?» 

' ,, 

706*2 


1 ” 

717*2 

, 1*45 

1 ” 

776*9 

1 ” 

1 

i ” 

801*3 


I 

' >1 

830*3 

” 

1 6-2 

866*0 

1 »’ 


869*4 
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Manganese (Aec Specteum)— 



1 





Reduction to 

^ ^ 0 


> Intensity 





Vacuum 

■Spa 

Wave-lengtli 

Previous Observations 





(Rowland) 

and 

Character 



(Rowland) 


A + 

1_ 

A 

a 

U) 

0 ^ 

5261-00 

2 





1-44 

5-2 

19002-6 

* 56-61 

5s 

5255-51 Thalen, 5256-492 Rowland 


„ 

022-4 

*5197-44 

2s 

5197-01 


5197-332 


1-42 

5-3 

2.360 

* 96-77 

5s 



96-741 

It 



237-4 

* 51-14 

6s 



61-112 


1-41 

,, 

407-9 

* 49-40 

3 



18-112 



)> 

1 414-4 

* 1815 

4 





i 1-40 

»> 

532'9 

*5087-02 

2 






5-4 

652-5 

* 74-97 

4 





j 1-39 

»> 

699-1 

42-86 

2 





1-38 


824-6 

30-86 

2 





>» 

n 

871-9 

* 30'02 

3 






876-2 

22-26 

2n 





1-37 

5-5 

905-8 

» 10-68 

3 





u 


952-2 

* 05-10 

4s 



6006-347 

>> 



974-1 

4985-98 

3 





1-36 


200607 

74-60 

3n 







0966 

* 66-02 

6s 



4966-036 




131 3 

* 34-25 

53 





1-35 

6-6 

260-9 

01-00 

2 





1-34 


398 4 

4889-12 

2 







447-0 

* 81-87 

2 






99 

478-3 

62-28 

4 





1-33 


560-9 

* 55-01 

2 





9} 

5-7 

591-6 

* 54-76 

3 





)> 

592 6 

* 44-47 

4 



4844-408 




636-4 

* 38 40 

2 





1-32 

} 9 

662-3 

27-10 

2 





99 

99 

710-7 

* 25-80 

2 





99 

99 

716-2 

23-71 

lOn r 

4823-60 

»> 

23-715 



'9 

725-2 

H783-60 

lOn r 

4783-34 

,, 

4783-607 


1 1-31 

5 8 

898-9 

* 66-58 

7 

66-14 


66-621 


1-30 


1)730 

* 66-02 

7 

65-64 


66-050 


9? 


976 0 

62-54 

8 

62-14 

>' 

62-567 

>» 

^9 


j 991-4 

* 61-68 

7 

61-34 

,, 

61-718 




! 21995-2 

* 54-23 

lOn r 

54-04 


64-225 

>> i 



028-1 

* 39-27 

6s 

39-14 


39-291 



’’ 

094-5 

* 27-63 

7 

27-64 


27-676 


1-29 


146-4 

* 09-87 

7 

09-94 


09-896 




226-2 

* 01-30 

4 

01-14 

»» 

01-346 



6-9 

262 0 

*4671-86 

4s 

4671-68 

,, 

4671-858 

j> 

1-28 


398-8 

* 43-01 

2 





1-27 


531-8 

27-99 

2 






6-0 

601-6 

* 26-74 

4s 

26-48 


26-718 




607-6 

07-80 

3n 

07-48 

,, 



1-26 


696-9 

06-55 

5n 

05-68 

)) 

06-536 




706-9 

4595-61 

3 







754-4 

86-30 

2 





99 


798-1 

48-76 

4 

4549-05 

>» 



1-25 

6-1 

978-0 

44-61 

3 







998-0 

* 42-62 

4 





1-24 


22007-6 

34-72 

2 







046-0 

30-01 

2 







068*9 

* 23-68 

3 



4523-572 




100-3 

04-03 

4 I 

03-95 


04-042 

>> 

1-28 


196-2 
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Wave-lciif?th 

Iniensity 

1 

Provioiis Observations 1 

(Rowlanclj 

and 

Cliaracter 


(Howland) 

*J.502-3.S 

7 

4502-15 Tha]6n, 4502-388 Howland 1 

*149!»06 

7 

4499 06 

„ 4499-070 „ 1 

9G'82 


9G05 

9C-676 j 

^ 01 -80 

4 

91-86 

„ 91-823 „ 1 

90-28 

7 

90-25 

„ 90-263 „ i 

* 79-69 

1 

79-75 

79-653 „ i 

^ 72-92 

0 

73-15 

72-9C7 ! 

' 70-31 

G 

( 71-35 
\ 70-25 

” 70-300 „ ; 

1 ^ 64-8C 


65 05 

64-844 

* G2-17 

8ii 

62 26 

62-165 

" Gl-26 

r 

61-41 

61-242 

GO-65 

0 

GO'56 

60-462 

♦ 58-43 


58-46 

58-409 

♦ 57 71 

r. 

57-65 

M 57-712 i 

57-22 

G 

67-45 

„ 67*207 

^ 56 05 

i; 

66-15 

65-980 

♦ 55-50 

G) 

55-66 

56-485 

55-19 

G 

56-25 

56-193 

" 53-1 G 

G 

53-25 

„ 53-171 

52-7:it 

• 1 



51-75 

7 

51-95 

51-752 

* 17-32 

3 

47-45 

„ 47 302 

+ 36-52 

G 

30-45 

36*51 G 

36-24 

19-9G 

l.s 

20 05 

19-941 

^ 15-OG 

G 

15 05 

„ 15-047 

^ 12-OG 

1 

12-15 

12043 „ 

^ 08-28 

3 

08-35 


4389-05 

3 


1389-930 

N8-27 

1 


88-260 „ 1 

82-80 

1 3n 

4383*10 

82-847 „ ; 

81*87 

1 

, 82-30 

82045 

♦ 75-10 

4 

75-30 

75-103 

37-57 

' 2 


37-569 

2G-35 

— 

2G-10 

,, 1 

23 59 



1 

21 -36 

— 

23-50 

1 

„ 1 

^ 12-70 

5 

21-10 

12*723 „ i 

05-84 

00-36 

2 

3 

' 00-23 

i 

M 00-37G 

4290-29 

2 


84-22 

5 

'4284-53 

„ 4284-223 

81-27 

6 

i 81*33 

81 257 

78-85 

f) 

1 

* G6-08 


i 66*33 

G6-081 

Gl-45 :5 

58-48i 2 

j Gl-63 

Gl-496 

1 ^ 57-80 

G 

58-03 

57-815 

39-88 

G 

j 40-03 

39-890 

I * 36-46t 

0 

36-43 

36-460 

1 •'*' 35-28 

G 


36*298 

i 30-47t 

2 



1 30-81 

2 



i ♦ 20-79 

5 

2M3 

„ 20*738 


Roduc 

Vac 

A + 

tion to 
uum 

1 

a"" 

Oscillation 
Frequency 
in Vacuo 

1-23 

G-l 

22204-4 

i> 


220-8 


G-2 

231-7 



268-3 


’» 

2G4-1 

>' 

>» 

317-3 


>» 

350-0 



3G3-6 

1 22 


390-9 

»» 

!! 

404*4 

,, 

M 

409-0 



412-6 

„ 

>« 

423-2 

»» 


426-8 

•> 

14 

429-1 

„ 


135 2 


„ 

4380 

„ 

„ 

440-0 



460 3 

„ 

•> 

452-4 


„ 

456-9 


,, 

479-2 

M 

' J 

534-0 


»4 

535*-* 

1*21 

G-3 

Git 

»» 

,, 

G38-b 

>> 

,, 

658-8 


J* 

G78'3 

i 1-20 


773 0 

1 

4> 

781-7 

: M 

,, 

! 810-2 


„ 

' 815-0 

ft 

,, 

850-3 

1-19 

G-l 

' 23018-0 

1 ,, 

,, 

107-8 

1 •» 

1 - 

I 122*5 

i „ 

1 4, : 

' 134-5 

i 1-18 

1 .. 1 

! 180-9 

1 

1 G-r> i 

217-8 

„ 

1 i 

247-1 

M 1 

1 1 

301-9 


1 

336-0 

” ! 

1 

351-0 

1-17 

j 

364*2 

,, 

5> 

434*2 


3* 

459*7 

„ 


4760 


ff 

479-8 

I-IG 

6-6 

679-0 

,, 

” ! 

603*6 


1 

” 1 

604-6 


1 

»» 

6314 

.. 

>» ■ 

632-3 


i 

•4 

685-6 


U V 

I 
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Manganese (Arc Spectrum) — eonlinuetl. 


Wave-lengt] 

(Rowland) 

1 Intensity 
and 

Character 

Previous Observations 
(Rowland) 

*4212 64^ 

O 




* 11-90 

4 


4211-899 Rowland 

* 01-88 

4 

4202-23 Thal6n. 01-869 


-♦4190-1,'i 

4 


4190-147 


* 7673 

5 


76 739 


* 67-21 

Q 


57-167 


66-68t 

3 




^ 61-16 

3 




* 48-94 

5 


48-948 


* 47-66 

4 


47-646 


* 41-18 

5 


41-208 


* 40-35 

2 




* 37-40J 

4 


37-428 


* 35-13 

5 

4136-26 

36-191 


34-77 

4 




32-45 

2 




31-60t 

2 




* 31-26 

5 


31-271 


* 23-68 

3 


23-664 


* 23-41 

3 




22-92 

3 




14-53 

4 


14-461 


♦ 14 02 

3s 




* 13-39 

4 


13-381 


10-98 

6 


11-021 


•• 08-01 

3 




* 06-61 

6 


05-514 


♦ 03-62 

3 




* 0307 

4 


03-097 


4099 67 

2 




* 96 81t 

3 




* 96-42 

4 


4096-423 


96-17 

2 




90-73 

2 




90-10 

4 


901 13 


* 83-76 

9 

4083-83 

„ 83-783 

M 1 

* 83-09 

9 

83-13 

„ 83-095 


* 79-56t 

9 

79-43 

„ 79 570 


* 79-36 

9 


79-393 


* 76-39 

3 


70-431 


* 70 41 

6 


68-137 


* 68-13 

4s also Fe 




66-38 

3 


65-239 


* 65-22 

4 




* 63-38 

7 also Fe 

63-63 

63 573 


* 61-88 

6 


61-881 


* 59-53 

() 


59536 


* 59-08 

7 


59-081 

)> 

* 68-10 

5 


58-115 


* 56-68 

9 

66-43 

„ 4055-701 


65-36t 

4 


56-365 


* 62-62 

4 


52-603 


61-90 

4 




* 49-16t 

4 




* 48-88 

8 

48-83 

„ 4048-910 



Redi 

Vi 

A + 

iction to 
icuiim 

1 

A 

Oscillation i 
Frequency | 
in Vacuo 

1 1 

1-16 

^ G 6 

23731-5 

I ! 

735-6 

1-15 

1 

792-3 

.. i 6-7 

' 868 8 

,, ' 

935-5 1 

1-14 


'24048-5 1 


056-7 j 


' 082-9 

,, 6 8 

095-7 ; 

,, 

: 103-2 i 


: 140-9 1 


1 145-7 ' 

,, 1 ,, 

i 163-0 



1 175-2 



! 178-3 



188-7 

?> 


201 9 


»> 

203-9 

1-13 


243-4 



215 0 


•» 

217-8 


>1 

297-3 


>» 

300 3 



304-0 

M 

>> 

318-3 

V 

>> 

336-9 



360-7 



361-9 


,, 

366-2 


6-9 

386-0 



402-2 



407-2 



412-0 

1-12 


i 438-6 



1 442-3 ! 

„ 


480-4 

>> 


484-4 



605-5 

,, j ,, 1 

506-6 

” 

,, 

530-6 



560-6 

,, 1 

»> 

574-4 


*> 

685-0 


M 

593 3 

„ 

»» 

603-2 

»> 

41 

612-2 

»> 

»4 

626-5 

>> 


629-2 


>» 

636-2 

>» 

4» 

649-9 


»» 

661-9 

1-11 


668-5 

99 

7-0 

672-8 

99 

99 

689-6 



691-2 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 9f3 
Manganese (Arc Spectrum)— 


Wavo-lcngth 

(Rowland) 


Intensity 

and 

Character 


Previous Observations 
(Rowland) 


Reduction to 
Vacuum 


M()i5 2b 

* 11 -40 
38-89t 

* ;i5-88 
84-60 

^ 38-18 

* 30-87 

* 26-57 
20-18 

^ 18-25 

12-09 I 
11-69 ! 
08-19 i 
03-42 : 
02-34; 
02-05 
3997*31 
92-65 
90-10 
87-61 
^ 87-23 

* 86-91 
86-36 



1011-23 Tlmlen, 


34*63 

33-53 

30-13 


3992-5 

90-0 


Lockycr 


1015-266 Rowland 
41-625 
38*771 
1036-883 
34-644 
33-230 
30-91 9t 
26-683 
20*226 
18-25 t 

11-693 
08-215 

02*308 
02-086 
.»997*365 


90-129 

87-626 

3987*244 

86-979 

85-463 



84-31 

2 



3981*294 .. 1 

" t 



83-07t 

2 



83-053 1 

, 



82*72 

4 



82-630 „ 1 


” 


82-31 

2 





’* ! 


77-24 

;; 

77 2 


77-223 


” 1 


76-03 

.> 

75 '6 


75*986 ,, 




53 00 

1 

52-7 


53013 

1*09 ' 

7 2 


43-01 

3n 

43 0 


42*981 



36-91 

2 



36-912 


3' 


29-82 

2 

29 6 


29-864 

1-08 



29-41 

— 





4 

29-30t 




29-363 



4- 

26-01 

r> 

26 5 


26-697 



V 

24-21 

1 

2 4'2 

. 

21-206 


>1 


23-45 

3 

23-6 

(* 

23-375 




22 82t 

5n 

22-8 


22-815 „ 1 



1 * 

22-20 

2 1 



22- ‘>*^3 


’* 

i * 

21*85t 

In 

21-8 


21-865 ’! 


*’ 


18*43 

1 

18-3 


18-396 




16-75 

2 



16-661 




11*67 

3 

11-5 


11-661 

” 1 



11*27 

3n 

11-2 




” 


08-31 

2s 




j» ' 



05-12 

2 




1 

j 


04-47 

2 




! i 


1 

03-68 

2 




M i 

■’ i 

3899*8 It 

4s 



3899-701 


” 1 

1 

99-46 

3s 



99 530 „ ; 


” 1 

* 

98*50 

4 



98-531 „ ; 


:: 1 



1 


\ 


7-0 

^9 


10 


7-1 i 


! 

i • 2 rt § 

i 

, i " 

I V5 fc. g 

i Ofe-= 

! 

! 21713-3 
I 736*3 
, 752-3 

I 770-7 

778*6 
! 787*3 

801*5 
828*0 
867*6 
' 879-4 

, 917-6 

; 920-1 

911-9 
971*5 
978-5 
980-1 
25009-5 
038-9 
054-9 
070-6 

073- 0 

074- 8 
084-7 
091-3 
099-2 
101*- 
103 C 
136-1 
113-5 
290-0 
354*1 
393-4 
439-3 
1419 
142-6 
459 1 
480*4 
480 6 
484-7 
488-7 
191-0 
613-2 
524-2 
658-0 
659*9 
679 0 
600*1 
604*9 
616*1 
636*0 
637-2 
643-5 




. r 4018-269 
^ I IS 234 



EEPOKT^XW)!. 


, * 


Manganese (Abo Speotbuu)— 


Wave-length 

(Rowland) 

Intensity 

and 

Character 

Previous Observations 
(Rowland) 


Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 


\ + 

1_ 

3897-47 

2 



1-08 

7*3 

26650-4 

96-48 

38 

3896-386 Rowland 

1-07 

>t 

666*9 

* 94-85 

3s 

94-860 


1» 


667-6 

♦ 92-72 

2 

92-698 

j) 



681*7 

♦ 91-92 

3 





687-0 

89-62 

2 

89-498 




699-9 

* 86-42 

5s also Fe 





727-3 

79-32 

2 





770*4 

72-26 

2 



♦ » 


817-4 

66-83 

2 





860-4 

♦ 61-88t 

3 



»» 

t> 

886-8 

56-68 

4 





921-7 

6360 

3 



1-06 


942-6 

• 44-10 

7 

44-135 


>» 


26006-6 

* 41-17 

8 also Fe 

41-195 

>> 

» 


026*4 

* 89-92 

7 

39-922 

n 



034-9 

37-68 

3 





050-1 

* 34-48 

9 

34-506 

)» 



071-8 

* 33 96 

7 

34-006 

»* 


076-4 

30‘12t 

2 



M 1 »» 

ioi-5 

* 29-81 

6 



*» 

j* 

103-6 

24-01 

7 

24-028 

t) 

” ( 

t> 

143-3 

* 23-64 

8 

23-653 



,, 

145-H 

‘ * 16-87 

5 

16-887 


105 

7-4 

192-1 

f 10-85 

4 



• » 1i 

233-5 

‘ ' 09-70 

6 

09*733t 

„ 

•» 

239-5 

* 06-84 

9 also Fe ! 

06-865 



; 261-1 

1 02-04 

4 

02-051 

,, 


294-3 

1 * 00-68 

4 

00-683 




j 303-7 

*3799-38 

4 

3799-386 

„ 

„ ,, 

312-7 

* 90-36 

6 

90-362 



1 376-3 

* 85-57 

3 



,, ,, 

i 408-7 

* 76*70 

3s 

76-698 

>> 

104 

470-7 

* 74-81 

2 



!» »» 

' 484-0 

* 74-02 

,2 



»» It 

: 489-6 

71*62 

2 




7-5 

506-3 

68-33 

2 




529*4 

♦ 67-84 

4 

67-787 


,, 

1 J 

632-9 

63-51 

4 




,, 

663-4 

* 66*80 

3 

56-706 


1 „ 1 

610-9 


t Double I ^^og.'eas Howland’s Table of Solar Spectrum Wave-lengths gives 

the following lines (not mentioned in the above list) as due to Manganese: 
6457 640, 12-997, 6321'976, 4884-242, 4233-328, 4171-864, 4092-647, 83-376, 46-371, 
33-814, 33-732, 31-942, 07 186, 3964-680, 62-103, 37-972, 3896-683, 88-971, 40 340, 
3696-800, 96-668, 91-462, 84-680, 68-689, 68 044, 17-676, 16-631, 3690-109, 11-763, 

K 7, 87-096, 74-287, 74-197, 60174, 66-204, 66-121, 61609, 42-118, 20-940, 
6, 82-826, 82-129, 79 006, 70-770, 69-352, 68-319, 66 661, 46-496, 43-804, 30-802, 
17 393, 16698, 16-661,14-998, 14-674, 14-334, 13-662, 18-301, 12 063, 08 888, 
06-001, 03-398, 3299 662, 98-361, 97 014, 96-961, 80 900, 78-687, 73 176, 70-473, 
64-833, 60-386, 68 642, 66-264, 66-617, 64180, 63 090, 61-273, 48-637, 43-883. 
40-622, 86-906, 30-843, 28-219, 26 143, 24-882, 17-040, 13004, 3178-620, 67-289, 
48 283, 42-846, 40-430, 3079-724, 73-232, 70-872, 66101, 62-222, 64-429, 48-999, 
46-638. 44-671, 40-712, 22-881, 2801 '183, 2798 369, 94-911, 2693 810, 76-196. 
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Manoanesb (Abo 8PSOTSVii)—eontime<i. 


Wave-lon^h 

(Eowland) 

Intensity 

and 

Character 

Previous Observations 
(Eowland) 

Eeduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 


1_ 

3750-92 

4 

3760'916 Rowland 

1-04 

7-5 

26662-6 

49-64 

3 



11 

II 

662*4 

46-78 

4 

46-717 

»> 

11 

11 

682-1 

* 37-03 

3 

37-069 


1-03 

11 

761-7 

32-06 

6 

32-072 


)i 

11 

787*4 

* 29 06 

4 

29-004 

ti 

11 

♦1 

809-0 

27-24 

2 

27-061 

i» 

1, 

7-6 

822*1 

*, 19-04 

6 

19*070 


»♦ 

11 

881-1 

* 06-16 

6 

06175 

It 

11 

ii 

974-6 

♦ 01*86 

3s 

01*866 


„ 

1* 

27006'9 

* 00-47 

2 



11 


0160 

*3696-69 

6 

3696'707 

t* 

1-02 

II 

044-6 

94-28 

3n 



11 


061-3 

* 93-81 

5 

93*804 



„ 

064-7 

♦ 92-98 

3 

92*964 


II 

11 

070-8 

• 86-69t 

2 

86*665 



11 

124-4 

86 04 

2 



11 

9P 

129-1 

♦ 82-24 

4 

82*161 


11 

7-7 

149-7 

80-32 

2 




11 

163-8 

* 77-12 

4 



>1 

1) 

187-6 

♦ 70-67 

3 

70-678 

,, 

.1 

11 

236-3 

♦ 70-00 

2 

69-976 


11 

II 

240-3 

* 69-64 

2 



11 

11 

243-7 

* 60-52 

4 

60-649 


,, 


310-8 

+ 41-60 

2 

41*697 


1-01 

7-8 

462*6 

35-89 

2 



11 

11 

495-8 

* 29-87 ' 

4 

29-877 


11 

.. 

541-4 

♦ 23-92 1 

5 

23-926 



11 

586-6 

♦ 19-42 

6 

19-412 

,, 


11 

620-9 

♦ 10-44 

6 

10'436 

,, 

100 


689-6 

* 08 62 

6 

08*630 


1> 

11 

703-6 

* 07-66 

6 

07-673 

»> 

11 

11 

711-0 

01-96 

2 



11 

11 

764*9 

01-45 

2 




11 

758*8 

*3696-26 

6 

3595-266 

n 

„ 

11 

806-7 

* 86-66 

6 

86-684 


11 

11 

873-3 

* 77-99 

7 

78-014 


0-99 

7-9 

940-7 

* 70-18 

6n 

70183 

n 

11 


28001-9 

* 69-91 

6n 

69968 




004-0 

* 69-66 

8ii 

69-649 

II 

>1 

>1 

006-0 

* 48-36t 

6n 

48 332 

f> 

11 

11 

174-1 

* 48-17 

5n 

48-175 

II 

11 

8-0 

176*6 

* 47-94 

6ii 

47-941 

11 

11 

11 

177-4 

♦ 32-27 

6n 

32-262 

i> 

0-98 

11 

302-4 

♦ 32-14 

5 d 

32-143 

i> 

11 

11 

303*4 

* 31-97 

6n 

31-982 

>1 

11 

11 

304-8 

*3497-67 

3 

97-668 


0-97 

8-1 

682-3 

* 96-96 

3 

96-953 

,, 

11 

i » 

688-2 

* 96-99 

4 

96-974 

II 

11 

11 

696-1 

* 88*80 

4 

88-817 

1 ) 

11 

1 ” 

655-0 

* 83-01 

4 

83-047 


>1 

1 

702-7 

* 60-47 

6 

j 60*460 

>1 

i> 

j 8-2 

889-6 


m 


REPORT — 1901 ; 


Silicon (Spark ofectrum). 

EcTer and Valenta, ‘Sitzber. kais. Akad. Wissensch. Wien,’ cvii. (2), 1898. 

Exner and Haschek. ihid.^ cviii. (2), 1899. 

Lockyer, ^ Proc. Royal Soc.,’ Ixv. p. 149. 1900. 

t Observed also by Count de Gramont, who gives also lines at 6989*7, 6342*2, 
6978*9, 5960*3, 5948*0 ?, 5060*0, 6045*5. 

* Observed also by Rowland, whose values are 4103*101, 3905*666, 2987*766, 
2881*695, 2631*392, 2528*699, 2624*206, 2619*297, 2516*210, 2514*417, 2506*994, 
2443*460, 2438*864, 2435*247, 2216*760, 2211*750, 2210*939, 2208*060. Rowland gives 
also lines at 5948*761, 6771*360, 5708 620, 5646*836. and 2218*146. 
f 3807 Luni, ‘ Astroph. J.’ xi. p. 269 (1900). 


1 

1 Edcr and Valenta 

1 

j Exner and Haschek 

Lockyer 

1 Reduction to 
1 Vacuum 

'Oeoillation 

'Frequency 

Wave-length 

' Intensity 

1 Intensity 

Wave- 

length 

*1 


1 

and 1 Wave-length 
Characterj 

and 

jCharactcj 

A-t 

i 

1 

i 





1761-20 

1 

1 

1*31 

! 5*8 

20981-0 

— 

. — 

1 1574-!) 

In 

4576-3 

1*25 

6*0 

31862 

— 

' — 

j f 07*05 

In 

68*0 


1 

885 1 

— 

1 

t 62-75 

3n 

62*8 


6*1 

957 5 

tll31-0 

1 4b 

— 

— 

4131*4 

113 

6-8 

21200 

t 28*2 

■lb 

I 4128*1 

5b 

28*3 



217 



— 

— 

16*1 



292 

— 



* 03-2 

In 





361 

— 

— 

4096*8 

lb 

— 


6*9 

402 

— 

— 


— 

; 1089*1 ? 

1*12 

»» 

447? 

— 

— 

30*1 

2b 

1 

Ml 

7*0 

713 

— 


21-0 

lb 

! 



862 

3906*80 

3b 

*3905*71 

6r 

i — 

1*08 

7*3 

26691-5 

— 


3883-16 

1 

i — 

1*07 


739*7 

~ 

— 

71*60 

1 (ON) 



»» 

819*4 

3862*75 

31. 

62*80 

4n 

3862*7 


7*5 

880*7 

56*20 

3b 

56*19 

oil 

56-1 

1*06 


924*7 

54*00 

lb 

51-02 

In 

. _ 



939*5 

— 

— 

53*62 

in 

i __ ^ 



942*1 

34 1 

1 

— 

— 

— 



26072 

26*7 

1 

— 

— 

— 



126 

— 

— 

4:06-90 

3n 


10.5 

* 71 

260*6 

3795*9 

2 

3796*50 

j 2n 

i — i 


! 

.333*6 

91*1 

1 

91*8 

1 

1 ~ 1 


[ 

366 

— 

— 

91*0 

In 

' 1 


! ” 1 

371 

3191*1 

1 

— 

— 


0*90 

8*9 ' 

31328 

— 

— 

3093*6 

lb 

— 

1 0*87 

9-2 

! 32315*8 

3086*8 

1 

86*6 

lb 

— 



389 

2987*77 

4 

*►2987*77 

1 

— 

0*84 

9*6 

33450*8 

2881*70 

10 

*2881*73 

15 

— 

0*82 

10*0 

34688*4 

2689*8 

1 

— 

— 

— 

0*77 

J0*8 

37181 

77*4 

1 

— 

— 

— 


10*9 

.338 

59*0 

1 

— 

— 

— 


99 

597 

31*39 

8 

*2631*38 

3 

! — 

0*76 

11*0 

983*6 

2568*8 

2 

2568*8 

In 

— 

0*75 

11*3 

38917 

41*89 

8 

41*90 

2 

— 

0*74 

11*6 

39330 

34*7 

1 j 

— 

— 

— 

91 

99 

440*0 

33 2 

4 

32*45 

1 

— 

99 


452*6 

28*60 ' 


* 28*60 

8 

1 

91 

11*6 

530 

24*21 : 

8 I 

* 24*21 

6 

— 

1 

1 


593*6 I 

19-30 

8 

^ 19*30 

6 



” i 


666 

16*21 

10 I 

* 16*26 

10 

— 

0*73 ' 


719*4 : 

14*42 

7 1 

* 14*41 

6 

— 

»» i 

M 

750*8 1 
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Silicon (Spabk Spectrum)— 


Eder and Valenta 

Exner and Hasehek 

Lockyer 

1 Redaction to 
Vacuum 

j 

1 








Oscillation ^ 
Frequency 

Wave-length 

Intensity 

and 

Character 

! Intensity 
Wave length 1 and j 
jCharacter, 

Wave- 

length 

A + 

j 


250<;-99 

8 

♦250701 

6 



0-73 

11-7 

.39861-0 

2179-8 

1 

2478-68 

1 (CN), 

— 


11-8 

40317-6 

5222 

3 

52 23 

In i 

— 

i .. 

12 0 

752-9 

40-0 

3 

45-63 

1 1 

— 

0-72 

»» 

871-7 

— 

— 

♦ 43-91 

In 

— 


it 

904-7 

43-4(> 

2 

♦ 43-47 

In 

— 



905-4 

38-88 

2 

♦ 38-87 

In 1 

— 

.. 

12-1 

988-5 

:h5-25 

8 

35 22 

3 1 

... 



1 41040-1 

235«-9 

1 

— 



, 0-70 

12-6 

1 42416 

1 03 3 

1 


— 


0 69 

1 13-0 

43403 

— 

— 

2296-96 

1(C) 


,, 

1 

J 

622-1 

2219-.> 

1 i 

— 


— 

j 0 67 

! 13-7 

45041 

18-15 ! 

1 

— 

— 

— 


i 

1 »i 

053-4 

16-76 i 

1 

* 16-75 

In 

— 

»» 

' »• 

092-8 

11 8 : 

3 

♦ 11-87 , 

In 

— 


13-8 

194-4 

10 9 

3 

- 10-97 

1 

— 

: » i 

tt 

217-3 

08T ! 

.3 

♦ 08-1 

1 

— 

1 

»» 

274 

2122-8 

2 

— 1 

— i 

— 

1 0-65 

1 14-6 

47092 

1929 0 

1 

: ! 

— 

- 1 

— 

1 0-62 

16-6 

51823 


Argon (Vacuum Tube), 

The reel end of the red spectrum of Argon. 

Runge, * Astroph. J..* ix. p. 281. 1899, 
Runge and Paseben, ‘ Astroph. J./ viii, 99. 1898, 

* These lines belong also to the ‘ blue spectrum.* 


Wave- 

length 

(Runge) 

Intensity 

Previous Measurements 

Vacuum 

Oscillation 

Frequency 

i 

Runge and 
Paachen 

Kayuer 

Crookes 

A ^ 

1 

a” 

8014-73 

1 







2-17 

3 4 

12473-6 1 

06-00 

1 

__ 

- - 



2'16 


487-2 

7948-32 

1 

7952 




2-15 


577-9 

7724-15 

2 

7725 

7723-4 

, 

2-09 

3-6 

942-9 

7635-19 

3 

7636 2 

7 63.5 6 

1 7646 

2-07 


13093 7 

7514-77 

3* 

7515-4 

7615 1 

; — 

2-04 

3 6 

303-6 

04 04 

7 

04-5 

034 

7500 

2-03 

M 

322-6 

7435-77 

1 

; 

; — 

1 

2 01 1 


444-9 

7384-18 

5^ 

1 7384 22 ; 

7383‘9 

; 7377 

2-00 

3-7 

638-8 

72-28 

1 

— 


1 

— 

— 

560-6 

53-42 

1 

— 

-- 

i ““ 

1-99 

— 

697-3 

16-15 

1 

, 

— 


1-98 

— 

664-7 

11 80 

1 

j 

— 

j 

— 

— 

672-8 

7273 13 


7273-04 1 

7271-6 

1 7263 

1-97 

— 

, 745-6 1 

o 

o 

^ 1 

i 

— 

i ““ 

1-95 

— 

871-3 


Nasini, Anderlini, and Salvador! [Accad. Lincei Attl% viii, 2G9 (1899)] give infra 
red lines at 7980, 8030, 8140, 8320, 84GO, c|ud 8575. 

1901. H 
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Abqon (YACVVM‘TVBB)—contimied, 


t These lines belong only to the * blue spectrum.* 


Wave-length 

Intensity 

and 

Character 

Kunge and 
Paschen 

7147-30 

1 

7068-83 

1 

67-54 

6^ 

30-64 

2 * 

6965*81 

G* 

37-99 

2* 

6888-83 

1 

80-26 

! 1 

71-66 

1 4* 

27*86 

<1 

6766-97 

1 

56-68 

I 1 

63-16 

i n* 

19-33 1 

2 

6699 06 

3 

84-95 

<lt 

82-7 

2 

79-01 

<1 

77-61 

6* 

64-27 

3 

60-92 

3 

44-3 

3t- 

40-5 

It- 

38-7 1 

2t 

32-07 

i 1 

15-2 ! 

; <’t 

05-05 

1 4 

6538*43 1 

! 3* 

13-87 1 

1 

6494-10 i 

2 

83-6 1 

! 

81-17 1 

2 

66*66 1 

1 •> 

31-77 1 

' 3 

16 54 I 

i 

02-21 

1 

6384-89 ! 


69-74 

4 

05-02 

3 

34-24 

<1 

09-36 

1 

07-91 

5 

6299-01 

<1 

97*15 

5 

78*80 

2 

66-70 

1 

59-68 

<1 

48 65 

4 

43-45 

3t 

40 5 

< It 

38-68 

<1 


Previous Measurements 


Kayscr 

Crookes 

7146-8 

— 

7066-6 

7056-4 

29-2 

— 

6964-8 

6965-6 

37-8 


— 

— 

6870 G 



— 

““ 

1 

— 

6752*7 

G7G4 

— 

— 


_ . 

6684 2 

— 




76 5 

6664 

1 

— 


— 

44 2 1 



. — 

38 6 1 



' — 

, 

— 

‘ — 

1 

1 

1 





— . 1 

1 

1 6482-8 

— 

— 

— 

— 

— 

15 2 

6407 

- - 

— 

6384-5 

6377 

68-0 

— 

— 

— 

— 

-- 

— 



07*8 





6296-8 1 

6302 

— - 

— 

— 

— 

■■ 


43-7 

— 

— 

— 

— i 

— 


Reduction 
to Vacuum | 

Oscillation 

Frequency 

A.+ ' 

1 

1 

A 

1-94 

3-8 

13987-5 

1-92 

)» 

14142-8 

f > 


155-4 

1-91 

99 

219 9 

1*89 

3-9 j 

351-9 

1-88 

1 

99 

409-5 

1-87 

99 1 

512-3 

’ 

99 ) 

30-4 

j 1 86 ' 

1 

48-8 

I ,, ! 

40 1 

641-9 

1-83 

1 

773-7 

' „ 

99 

96 4 

1 ** ' 

»9 

803-9 

1-82 , 

99 

78-4 


99 

923-5 

! ^ 1 

99 

55-0 

j 1-81 


60 

>» 

99 

68 3 

n 

99 

71-4 

1 ” 

1 4-1 

15001-3 

I ” 

1 ** 

08 8 

; 1 80 


46 

' »> * 

! ** 

55 

> »> 

' »» 

59 

: >* 

1 

1 ” 

! 74-1 

' 1 

1 

113 

i 1-79 1 

1 ’ 

1 »* 

35 9 

: 1-78 

1 

290 1 

1 1-77 


347-8 

176 

1 4 2 

9 14 

1 »» 

i ” 

419 

I 

1 *’ 

! 

25-1 

„ 

I ” 

59 8 

‘ 1-75 


543-6 

1 1-74 

! >’ 

HO -5 

1 >» 

I ’* 

615-4 

1 

! .. 

57*8 

! .. 

99 

95-0 

! 1-73 

99 

706 7 

' 1 72 

' 4-3 

82-9 


»» 

845-2 


M 

48-8 

1-7J 

»> 

71-2 

91 


75-9 

n 


922 3 

1-70 


53- 1 

** 

ft 

71-2 


>» 

99 2 


t1 

16012 5 

** 1 

if 

20 

■ » 1 

it 

. 25*0 


i 
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Wave-length 


Ilnnge and 
Pasclicii 


0235-90 

3O-0() 

21-85 


10-14 


12- 73 
0100-44 

07-30 

01-25 

80-5 

80- 52 
83-12 
70-50 
73 32 
72-7 
70-30 
05-30 
01 08 
50-00 
55-10 
45-04 
43-10 

30 - ] 

35*03 

31- 12 
20-02 
27-57 
25-00 
23-8 
21-03 
10-74 
15 05 

13- 55 
05-87 
01-71 
01-33 

0000 03 
00 00 
03-44 
00-07 i 
85-00 

81- 50 
75-20 
07 48 
64-03 
50-02 
52-00 
43-48 
40-40 
35-40 

32- 30 1 


Argon (V xcvvu-T!V'R¥..')‘^continu€d, 


Intensity 

Previous Measurement 

Reduction 
to Vacuum 

Oscillation 

and 





Character 




1 

Frequency 


Kayser 

Crookes 

X + 

~A 


i 

43-7 



1-70 

4-3 

16031-0 

2 

— 

— . 

1-69 


40-6 

1 


-- 

l( 


60-3 

— 

175 

— 

„ 

4-1 

70-2 

6 

— 

— 

»» 

It 

82-7 

— 

15-0| 

— 

„ 

tt 

81-2 

6 

12-5 

6210 

1* 

It 

i 91-6 

<1 

— 

— 


tt 

1 120-1 

<1 

— 

— 

<) 

tt 

1 31-7 

<1 

— 

— 

** 

ft 

: 390 

<lt 

— 

— 

1-68 

tt 

1 52 

<1 

— 

— 


tf 

50-8 

< 1 

— 

— 

>» 

It 

1 68-7 

2 

— 

— 

It 

tt 

1 78-1 

0* 

0172-0 

6173 

tt 

tt 

! 943 

5f- 

72-3 

— 


ft 

1 06 

5 

70-3 

— 


ft 

202-0 

3 

— 

— 


tt 

15 4 

2 

— 

— 

.. 

tt 

24 9 

1 


— 


tt 

30-4 

5 

55 2 

— 

1-07 


41-3 

0 

45-6 

0143 


tt 

67 3 

1 

— * 

— 


ft 

73-9 

U 

40-0 

— 


It 

' 85 

1 

— 


■> 

tt 

03-8 

< 1 

— 

— 


„ 

1 97-0 

1 

1 — 

— 

! „ 

tf 

311-4 

4 

1 — 

— 

1 „ 

It 

15-3 

1 


— 

1 tt 

It 

19-6 

<lt 

— 

— . 

! ” 

It 

25 

2 

— 

— 

1 ” 

It 

30 3 

3 

— 

— 



30-2 


14-1 

' — 

1-60 

It 

48-7 

3 

— 

— 


tt 

52-7 

0 

06- 1 

-- 

I tt 

tt 

73-3 

3 

— 


i ** 

tt 

70-4 

3 

--- 


1 

ft 

tt 

85-5 

0 

0008 8 

6000 j 

tt 

If 

01-6 

1 

— 

— : 

tt 

It 

99-6 

1 

t 

— 

ft 

tt 

400-7 

4 

— 1 

-- i 

tt 

It 

13 3 

1 

1 

— : 

tt 

4-5 

20-9 

- 

— 1 

— 1 

,, 

,, 

38-8 

V 1 

— 1 

— 1 

1 65 1 

tt 

66-9 

< 1 

— 

— 1 

It ! 

tt 

77-8 

3 

— 


i 

It 

83-7 

7 

50-5 

605(J j 


tt 

08-2 

6 

52-7 

: 


tt 

510-3 

8 

43 011 

0015 i 



42-2 

<l 


i 

1 01 

,, 

50 5 

< 1 

-- 

— 1 

ft 

ft 

64 2 

0 

31-511 

0038 i 

tt 

„ 

72-7 


II 0013-68, 6032-69, Eder and Valcnta, 

H2 
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RfefORt— 1901 . 


Asgon (Vacuum-tube)— 


Wave-length 

Intensity 

and 

Character 

Previous Measurement 

Reduction 
to Vacuum 

Oscillation 

Frequency 

Rungc and 
Paschen 

Kayser 

Crookes 

\ 

i_ 

A 

()025-40 

4 

6025-8 

___ 

1-64 

4 5 

16591-9 

17-66 

1 



— 


ft 

6133 

15-40 

<1 

. — 

— . 


tt 

19 5 

13-94 

4 

136 




tt 

23-5 

11-59 

1 





»» 

tt 

30-0 

05-95 

.3 







46 7 

6999-29 

4 

5999-5 

— 

1-63 


64-2 

94*99 

2 

— 

— 


ft 

761 

87-61 

6 

87-6 

— 



91 7 

82-22 

2 



— 


tt 

716-7 

71-91 

4 

— 

— . 

>» 

tt 

40 6 

68-58 

3 

— . 

— 

,, 


49-9 

64-70 

3 

— 

— 

1-62 


60-8 

60-78 

<l 

— 

— 

,, 

4 6 

71-8 i 

49-47 

3 

— 




803-7 i 

42-92 

6 

43 5 

— . 

»> 


22 1 1 

41-08 

3 

— 

— 



27-3 

29-06 

6 

28-611 

1 6926 

I 1-61 


61-6 

27-34 

3 


— 



66-4 

30-33 

<1 



— 



86-3 

20-04 

<1 



— 

»> 

M 

87-1 

16-84 

3 

— 

— 


n 

96-3 

12-31 

7 

12 22 11 

6909 


n 

909-3 

04-09 

<1 


— 


1 M 

32-8 

00-70 

<1 

— 

— 

i 

„ 42-5 

6897-75 

< 1 

! — 

— 


„ i 51-0 

88-79 

0) 

6888 93 11 

6887 

i-iio 

„ , 76-8 

82-88 1 

4 

82 78 11 

. — 

1 

„ 1 93-9 

80-41 

< 1 

— 

— . 

>> 

„ ; 17001-0 

70-62 

1 

— 

— 

1 

♦» \ »» 

29-7 

64-29 

<1 

— 

— 


1 

47-8 

60-64 

4 

60-61 11 

5858 



58-7 


11 6928 G1, C912 48, 6889-02, 6883 03, 5800-69, Eder and Valcnta. 


Vanadium. 

Hasselberg : ‘ Kongl. Svenska Vetenskaps-Akadem. Handl.,’ Bd. xxxii., No. 2. 1809. 
Rowland and Harrison : ' Astrophys. Jour,’ April 1898. 

Exner and Haschek: ‘Sitzber. kais. Akad. Wissensch. Wien,’ Bd. cvii. (2). 1898. 

Lockyer and Baxandall : ‘ Proc. Roy. Soc vol. Ixviii. p. 189. 1901. 

f Coincident with Fraunhofer lines. 


Arc Spectrum 


Reduction to 

1 




Intensity 

Vacuum 

Oscillation 



and 



Frequency , 

Hasselberg 

Harrison 

Character 

A-h 

1 

in Vacuc 

6850-60 



2 

1-69 

40 

17087 7 

46-56 

— 

4n 

M 


099-5 

39-34 

— . j 

2 

tt 

47 

120-6 

30*97 

— 

4ii 

1 

1 ft 

1461 1 
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Vanadium — coniinved. 


Arc Spectrum 


Reduction to 


— 


Intensity 

Vacuum 

Oscillation 



and 



Frequency 

Hasselberg 

Harrison 

Character 


1 

A 

in Vacuo 

6817-80 


3 

1-59 

4-7 

17183-9 

17-33 



3 

»* 


185 3 

07-40 



4 

1-58 

.. : 214-7 

00- 17 



3 


„ 236 2 

6788-85 


3 


„ : 269-9 

8G-42 

6786-413 

4 

»» 

1 2T7-2 

84 64 

84 646 

4 


„ i 282 5 

83-76 

83-764 

2 


,, 1 285 1 

83-14 


2 

n 

„ 1 280 9 

82-85 

82-848 

2 


.. i 287 8 

76-95 

76 930 

In 

1-57 


305-5 

72-66 

72-667 

4s 

»* 

»» 

318-3 

61-70 

61-674 

3 

f « 

f V 

351-3 

62-99 

62-985 

3 


»> 

377-6 

60-90 



*3 

f » 


383-9 

49-13 



4s 

M 


389-2 

47-98 



2s 

>> 


392-7 

43-67 

43-675 

6 

,, 


405-8 

37-28 

37-310 

6 

1-56 


425-1 

34-26 

34-254 

4 


434-3 

33-63 



2 


435 3 

33-3 1 

33-336 

3 


437-1 

31-48 



7 

*» »» 

442-8 

27-90 

27-900 

6 

»» M 

433-7 

27-25 

27-289t 

8 

M ! »» 

455-6 

25-90 

25-881 

Is 

»» 

„ 459 8 I 

1 16 49 

I 16 461 

3 

»» 

4 8 

488-5 

09-25 

! 09-198 

:> 

' 

„ j OlO-T 

07-26 

07 236t 

7 


.. ! 516-8 

03-83 

1 03-8251 

7 

1 "55 

» i 527-3 

6698-74 

1 6698-765 

! 8 


» I 542-9 

88-02 

87 99S 

2 


„ 576 0 

83-47 

83-451 


M 

„ ' 590-1 

71-10 

71 091 

' 7 

99 

„ i 628-6 

68-61 

• 68-608 

5 

i» 

„ 636-2 

67-67 

1 57-689 

6 

1 ft 

,t 670 3 

57 11 

57-119 

1 2 

; 1-51 

672-1 

46 36 

46-352 

5 

1 >» 

„ 705 7 

35-76 

35 742 

' 3 

99 

. 739-1 

— 

31 115 

t 2 


; . 744-1 

32-73 

32-702 

1 2 


„ ■ 748-6 

27-86 

: 27-88Ct 

! t 

, 1-53 

i 763-9 

26-27 

26267 

i 5 


„ i 769-0 

25-16 

25121 

4 

i ^ 

1 „ i 772-6 

24-80 

24-863 

i 6 


' 773‘5 

— 

1 24-146 

; 9 


„ i 774-7 

22-34 

! 22-319 

i 3 


781-4 

05-20 

i 05-187 

6 

1 

4 9 

835-7 

04 91 

i 04-875 

2 


99 

836-7 

01-44 

I 04-443 

5 


99 

838-1 

01-63 

I 01-627 

i 2 


i» 

847-0 

— 

6698-047 

2 

i 

99 

858-6 

— 

1 94-731 

1 2 

.. 


869-1 

5693-22 

93-208 

! 3 


„ 1 873-9 

92-67 

92-670 

1 6 


„ 1 876 6 
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BBPOBT — 1901 


Vanadium — continued. 


Arc Spectrum 

Intensity 

and 

Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

X + 

1_ 

A 

6588 71 

6688-713 

3 

1-52 

4-9 

17888-3 

86 26 

86-232 

4 



806-2 

8500 

84-979t 

3? V 


ft 

900-2 

84-76 

84-746 

6 

»» 

t» 

901-0 

— 

84-602 

4 

M 

tf 

901-5 

— 

76-752 

4 

»f 

t> 

926-7 

— 

67-702 

4 

If 


955-8 

— 

66-156 

4 


If 

960 8 

61-92 

61-897 

4 



974-5 

6900 

68-995 

4 

fl 

tf 

983-9 

57-71 

— 

2 

»» 


988-1 

48-41 

48-101 

2 

1-51 

tf 

18018-3 

47-31 

47-306 

6 


It 

021-9 

46-18 

46-165 

4 

»» 

ft 

025 6 

— 

45-101 

4 

»» 


029 0 

— 

42-954 

4 

»» 

ft 

036 0 

— ■ 

35-669 

4 

»> 


059-8 

— 

35082 

4 


If 

061-7 

— 

34-056 

4 


If 

065-0 

— 

17-437 

4 



119-4 

— 

15-301 

4 

>» 

It 

126-5 

11-41 

11-413 

3 

1 50 

t» 

139 3 

— 

08 865 

4 



147-6 

07-97 

07-744 

6 


91 

151 0 

— 

06-097 

4 


99 

156 8 

05-13 

05-097 

3 



160 0 

6490-22 

6490-181 

3 


60 

20!) 3 

88-18 

88-312 

4 

*» 

99 

215 7 

87-48 

87-455 

3 


99 

218-3 

71-66 

71-563 

2 

I’iO 


271-3 

68-05 

68-032 

2 

ft 

99 

283-1 

64-30 

— 

2 

ft 

99 

1 295-6 

68-39 

— 

4 

II 

99 

315-4 

— 

56-031^ 

4 

ft 

99 

326 7 

43-50 

43’466 

2 


99 

365-6 

37-93 

37-885 

3 

1 48 

99 

381-1 

34-43 

34-410 

4 

ft 

99 

3‘)t) 2 

- 

24-281t 

2 

ff 

99 

430 6 

21-96 

— 

2 

ft 

99 

438-5 

20-32 

— 

2 

f» 

99 

414-1 

18-33 

18318 

5 

ft 

99 

450-9 

15-61 

15-479t 

6 

ft 


460-5 

02-17 

02-148 

6 

f» 

99 

506-1 

6398-13 

— 

3 

1 47 

61 

519-8 

88-66 

6388 634t 

3 

ft 

If 

552-8 

86-39 

— 

4 

tt 

It 

563-7 

83-68 

83-661 

4 

ft 


569 6 

— 

63-619 

4 

1-46 

ft 

673-8 

— 

38-812 

2 

ft 

ft 

726-7 

30-65 

30-616 

2 

ft 

tt 

751-4 

29 05 

— 

2 

tt 

tf 

760 0 

02-40 

— 

2 

1*45 

6-2 

854-2 

6287-88 

— 

2 

1-44 

ft 

906-0 

X 6455-02 Ruthenium. 

t 6121-274, 

6415-43 

1 iron. 
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V ANA DiUM — continued. 


Arc Spectrum 

Intensity 

and 

Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

HaRselberp 

Rowland and 
Harrison 

A. + 

1 _ 

A 

5282-76 


2 

1*44 

5*2 

18924*3 

72*92 


2 


II 

959*7 

71*28 

6271-119 

2 



965-8 

66*33 

— 

2 

M 

II 

983-4 

61*20 

6V149 

2 


„ 

19002-0 

60*66 

60*527 

2 

II 

II 

004*3 

— 

58*308 

2 



012-3 

4106 

41-055 

4s 

1*43 


074-9 

40*40 

40*364 

2 

If 

„ 

077*4 

34*31 

34-249 

4s 


11 

099-6 

33*91 

33*895 

2 

If 

If 

101*0 

25 97 

25 920 

3 

11 

ff 

131*7 

16*80 

16*772 

3 


,, 

163*7 

i:i'87 

13*837 

2 


f I 

174-5 

12- 17 

12*399 

2 

1-42 

fi 

179*7 

07*89 

07-Ht4 

O 


5*3 

196-4 

06*82 

06*790 

2 

If 

If 

200-3 



00*520 

4 

II 


223*5 


51'J7;>15 

4 



235-8 

5195*58 

95*564 ^ 

4 

II 

If 

241*9 

95*01 

95 021 

4 

II 

If 

243-9 

93 82 

93*795 

4 

II 


248-3 

93*18 

93 ISlt ? V 

4 


fi 

250-7 

92*22 

92*193 

2 



254*3 

83*07 

83*033 

2 

»i 

11 

288-4 

81-01 

80*926 

*> 

II 

II 

296- L 

79*35 

79*275 

2 


If 

1 302-2 

78*75 

78*733 

2 

II 

II 

304-4 

77 03 

! 76 956 

4 


„ 

; 310*9 

— 

76*683 

f> 

i 

II 

312*1 

1 

74*714 

2 

' Ml 

>1 

319-4 

72*35 

72*284 

2 


II 

328-4 

70*15 

70*111 

2 


f» 

336-rf 

1 

69*126 

2 


II 

340-3 

- (hOI 

66*961 

2 


II 

348*3 

65*14 

65*072 

2 



355*3 

I 59*56 

59*520 

1 

If 

,, 

376**3 


59-438 

2 

If 

II 

376*6 

57*27 

- - 

1 ^ 

19 

II 

1 384*8 

48 95 

48*893 

4 

M 

i II 

416*3 

39*74 

39*704 

4 

II 

! If 

451-0 

38*58 

38*597 

4 

•f 

1 

II 

; 455*3 

— 

37-772 

2 

1-40 

II 

458*4 

28*71 

i 28*705 

5 

II 

!• 

492*8 

05*37 

' 05*324 

3 

i ** 

5*4 

581*9 

5061-32 

5064*296 

3 

, 1*39 

II 

740*6 

60-91 

60*831 

2 

. 1-38 

If 

754-0 

— 

51*781 

2 

! i 

i II 

If ' 

789-6 

— 

47*484 

2 

1 

1 II 

1 11 1 

806-5 

11*83 

; 14*811 


i 1-37 j 

1 5'6 

935-4 

02-54 

02*505 

4 

1 1. 1 

1 „ 1 

1 984-4 

4943*04 


! 3 

! 1-35 

I 6-6 

1 20224-9 

33-82 

4933*786 

1 2 , 

1 »» 

1 

1 262-8 
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KEPOHT— 1901. 


Vanadium — continued. 


Arc Spectrum 

Intensity 

and 

Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 


1 

a" 

*4932-24 

4932-212t 

4 

1-35 

5-6 

20269-2 

♦ 25-83 

25-837 

5 

II 


295-9 

♦ 22-60 

22-543 

3 

II 


309-0 

__ 

19-171 

2 

II 1 II 

323-0 

* 6-4S 

16-436 

3 

134 1, 

334-2 

— 

13-277 

2 i 

347-4 

08-92 

08-882 

2 i •> i II 

365 6 

— 

07-046 

2 II 

373-2 

* 06-06 

— 

2 II , II 

376-4 

* 05-10 

05-050 

3 1 II 1 II 

381-3 

* 04-59 

04-575t 

6 ' »i ! (1 

383-5 

* 00-84 

00-820 


399-1 

*4894-43 

4894-396 

4 i 

425-9 

* 91-81 

91-767 


436-8 

* 9143 

91-414 


438-4 

* 90 32 

90-265 

3 1 II ' II 

443-1 

* 87-02 

86 990 

^ I I* ! II 

456-8 

* 8.Vi6 

85-827 

4 II II 

461-7 

— 

*82-359 

4 ! ” »» 

476-3 

* 81 75 

81-7451 

6 ' >. 

478-9 

♦ 80-77 

80-746 

5 ^ II II 

483-0 

♦ 76-66 

75-674t 

8 

i :^3 i ,1 

6014 

- - 

73-170 

2 II 1 „ 

614-9 

* 71-46 

71-453 


522-1 

- 1 

70-334 

2 i 1, i „ 

526-9 

* 64-93 1 

64-943 

8 1 ,1 

„ 649-7 

♦ 62-83 

62-801t 

4 ! „ 

„ ! 558-6 

* 69-34t 

— 

4 ! ,1 

5-7 

673-2 

— 

•58-809 

4 Inin 

675-5 

— 

i *57-241 

2 1 „ 1 „ 

682-1 

— 

54-114 

2 ! 

595 3 

— 

1 52-155 

2 1 „ i 1. 

603-7 

* 51-65 

! 51-686t 

8 j .. 

„ ! 605-8 

— 

! 49-458 

2 ! .. 

1, 615-2 

— 

49-262 

2 1 

I, 616-0 

* 48-98 

49-004 

3 „ „ 

617-1 

— 

' *46-799 

2 II J II 

626-5 

* 43-16 

1 43-195 


641-9 

— 

1 35040 

2 

1-32 ,1 

676-6 

— 

34-264 


679-9 

— 1 

! *34-005 


681-1 

* 33-17 1 

33-213 

4 • 1, > 1, 

684-5 

* 32-59 

I 32-617t 

0 ! II II 

687-1 

* 31-80 

31-836t 

7 1 - : - 

690-4 

♦ 30-86 

30 879 

3 ' „ 

694-5 

— 

29-427 

2 i 

700-7 

* 29-00 

29-008 

3 



702-5 

♦ 27-62 

27'638t 

7 



708-4 

— 

23-031 

2 

II 

II 

728-1 


* Observed also by Lockyer and Baxandall, whose numbers are : 4932-23, 25 87, 
22-60, 16-46, 08-90, 06 06, 05 05, 04-60, 00-82, 4894-42, 94-74, 91-40, 90-30, 87-03, 86-89. 
82-.36, 81-76, 4880-82, 76-71, 71-60, 64-92, 62-83, 69-38, 68-80, 67-20, 61-69, 49 06, 46 80, 
43-20, 34 00, 33-24, 32-61, 3185, 30 90, 29 00, 27 63. 
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Arc Spectrum 

Intensity 

and 

Character 

Reduction to 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

\ + 1 

1 _ 

A 

♦4819-22 

4819-226 

3 

1-32 

6-7 

20744-5 




♦08-842 

2 : 


789-3 

♦ 

07 70 

07-736t 

7 ■ „ 

fi 

794-2 


— 

♦03* MO 

2 

1-31 

»♦ 

8136 


— 

02-373 

2 

*9 

817-3 

♦4 

799-94 

4799-972t 

1 4 

„ 

827-8 

* 

99 20 

99-210 

! 


»» 

831-0 

)»> 

98-12 

98-151 

3 


»» 

835-7 


97-07 

97-119t 

i 6 

»> 

„ 

840-2 

* 

95-27 

95-293 

! 4 1 


848-1 


— 

94-730 

1 ^ i ’■ 

1 * 

j 850 5 

* 

93-10 

93-136 

1 4 1 „ 

i» 

1 857-6 


— 

89*103 

i 2 i „ 

It 

, 875-0 

* 

86-70 

86-706t 

6 1 

»» 

; 885-6 

* 

84-65 

84-663 

1 4 ! „ 

„ 

894-4 


— 

81-514 

'2 

58 

908-2 

* 

76-70t 

76-644 

; 4 

»» 

929-3 

* 

76-54t 

— 

'■> ; 

,, 

929-8 


73-25 

73263 

3 ; .. 


944-2 

★ 

72-74 

, 72-781 

2 

1 »» 

; 946-4 



69-208 



; 962 0 


66-80 

66-838f 

5 

1-30 

>* 

1 971-6 

* 

65 84 

65-859 


1 , 

i 976-8 



♦61*224 

2 

tt 

i 984 0 


-- 

♦59-210 

2 

1 

! 21006-1 

' * 

57-68 

57-686 

1 M 


012-8 

! * 

57 55 

1 

4 : 

t !! 

i 013-4 

i * 

51-13 


6 i „ 

1 

t 028-5 


- - 

♦52-036 

2 


I ** 

1 037-8 

1 ♦ 

51-75 

51-759 

4 



039-1 

* 

51-45 

! 51-463 

2 


' 040 4 

* 

51-16 

51-211 

4 


1 041-6 

* 

48 70 

, 48-723 

t 4 


052 5 

4> 

47-30 

47-313 

' 3 


058-8 

* 

\ 

46-81 

46-827 

1 4 


! 060-9 

1 ♦ 

42-79 

42-819 



, 078-8 

' « 

1 

39-79 

39-849 

i 2 1 „ 

- 

1 092-1 


* Lockyer and Baxandall, 4819-23, 08 84, 07-73, 03*24, 4799*98. 99-20, 98*19, 97 08, 

95-35, 93-15, 85-71, 84 72. 76-63, 73 29, 72 76, 66 82, 65 91, 64 22, 59-20, 58 95, 67’62, 
64-13, 52-05, 61-79, 61-45, 61-18, 48 70, 47 30, 46 87, 42-86, 39 80. 
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Y A^A.mv'M—conimued. 

" Signifies that the line is double; that the lino is sharply defined on the 
violet side and nebulous towards the red ; and b' means that it is sharp on the less 
refracted side and nebulous tow'ards the violet. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 











Rowland and 

Exner and 




1 

in Vacuo 

Hasselberg 

Harrison 

Hascliek 

Arc 

Spark 

\ + 



4> 

4738*51 

4738*605 


3 


1*30 

5*8 

21097*9 

♦ 

37*91 

37*921 


2 




l()0-5 

* 

32*12 

32*108 


3 



126*4 

♦ 

31*74 

31*746 


8 

i 


128*1 

* 

31*42 

31*443 


3 

1 

1 


129*5 


30*57 

30*574 


4 

; „ 1 „ 

133*3 

♦ 

29*73 

29*724 


4 

; 1 29 1 „ 

137*1 

♦ 

28*85 

28*840 


2 i 


141 0 



* 24*075 


2 ; 


162*3 

* 

23*65 

2;VC2() 


2 


164*3 

• 

23*06 

23*056 


5 ! 

j » »» 

166*9 


21*70 

21*704 


5 


173 0 

* 

21*42 

21*444 


3 


174*2 

* 

17*85 

17*874 


5 


' 190*3 

♦ 

16*36 

16*377 


3 


' 197*0 

* 

16*08 

16*079 


4 


' 198*3 

* 

15*61 

15*650 


3 


200 3 



* 15*488 Ti 


2 

• > 1 »» 

! 200*9 

♦ 

14'28t 



5 


206*4 

* 

13*61 

13*639 


3 1 


209 3 

* 

10*74 

10 746 


5 : 


222*3 



09*130 


2 ' 


229*5 



08*397 


2 

„ ! 

232*8 

♦ 

07*62t 

07*629 


4 


5 9 

: 236 3 


06*75t 

06*761 


r> i 


! 240*2 

* 

06*34 1 

06*357 


5 i 

' 

1 212*0 


05*26 

06*278 


^ i 

' 

1 216*8 


j 

* 02*689 


2 ! 


258 5 


4699*52t 

4699*505 


4 


272 9 

H* 

90*45 

90*438 

1 2 

1 2S 

31 40 


88*24 



2 

»* 

324*1 

* 

87*10 

87*100 


5 


329 3 


84*64 
t82*()9 ? Vi 
8107|- 
71)*95 
79*65 
73*83 
72*48t?V 
70 66 
69*50 1 
66*33t 


62*02 

61*01 

67*17t 


81*634 

81*073 

79*961 

73*836 

70*666 

69*487 

63*3] 4 
♦ 62*605 


57*138 


4670*65 

66*32 
63 07 

57*15 


1 8 

! 2 
2 


1 2a 


310*; 

352 

356 

361 

363 

389 

396 

404 

409 

424*2 

439*2 

444 0 
448*7 
466*5 


♦ Lockyer and Baxandall, 4738*60, 37-90, 32-17, 31-80, 31- 10, 30*58, 29-77, 
28-85, 24*07, 23*65, 23*06, 21 71, 21*40, 17*89, 16*39, 16 11, 15*62, 15*50, 14*29, 13*65, 
10*75, 07*64, 06*76, 06*38, 05*23, 02*70, 4690-45, 88*24, 87*11, 84*57, 81*12, 80*03, 79*68, 
73*83, 72*48, 70*66, 69*50, 66*34, 62-60, 62*00, 61*00, 57-17, also lines at 4709 93 and 
1682*93. 
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Vanadium- -eoMmued. 


y and 
.-ter 

Heduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Spark 

A + 

1 

"a” 

2n 

1-28 

6-9 

21468-8 

2 



474-3 


127 


477-1 

2n 



485-0 

^ 1 

9t 


1 603-8 1 

1 

1 

ff 


1 508-4 1 

i 0 

9f 

i *’ 

1 616-7 i 

1 1 


1 

*1 

517-2 1 

2 


! If 

524-3 

2 


i 

1 626 1 

4 

II 

1 »♦ 

; 511-6 

4 

II 

I ** 

644-7 

2 

II 

' »» 

! 562-8 


Arc Spectrum 


Ilasselberg 


* 4055 47 

* 51-S4 

* WIT) 

* 4!) OSt 

* 4S-()H 

* 40-59 

* 40-17 

* 44 04 

40-92 

* 40 25 

* :9) :u 

* 95 95 

* 30-2 4 

* 20-07t 

* 21-02 

* 21-13 

] 9-97 1 
4 9S5 j 


lS-00 

1 7-03 

10- lS 
110S1-?V 

11*92 

1 1- 10 
09 8 4 


Howland and: 
Harriaon 1 


4G55-410 

63 100 
49-008 
48-040 
40-571 

40- 150 

41- 024 
*41-239 

40-910 
40 232 
30 313 
35-346 

30-230 

20-000 

24-581 

21-420 

10 890 


10 190 
14 091 
13 070 

11-103 
09 82 1 
08-035 


Spark 

Spectrum I 

Exner and 
Haschek 

1050-05 

55-43 

53-15 
49 05 

40- 58 

41- 67 
4 1 -25 
40 91 
40 23 
20 33 
35-34 
34 4 

20 07 
24 60 


19-93 

*19-0 

18-7 

18-03 

17-18 

17-02 

10-20 


11-94 
11-13 
09 82 


Arc 


60 


10 


2n 

2n 


1 20 


607-5 

572 

591-2 

007 9 

017-5 

o:i2-3 

039-3 

039-7 

644 

645 
048 3 
650-8 
653-0 
050-9 
606-8 
607-3 
670-9 
080-7 
086-8 
692-4 


4^ 

07-10 

07-390 

07-17 

3 

2 

II 


(>98-2 i 

* 

06) 3,3 

06)-32l 

06 34 

5 

r, 

•1 


701-2 t 




05-53 


2 

»» 


707-0 

* 

00-31 


0()-4() 

3 

10b" 

11 


731-4 

* 

1591-27t 

4591-216 

1591-31 

9 

12 

i| 

' »♦ 1 

760-2 

* 

91-39 

91-406 

91-11 

5 

8 

It 

1 ” 

773-3 




90 63, 


2 

II 


777*5 




89-05 

■ 

2 

^ II 

” i 

785-0 

«► 

88-91 


88-88 

2 

o 

„ 


786*7 

♦ 

86-5 It 

80-554 

86-55 

9 ' 

12 

1 

■ 

796-9 


86-15 


86-10 1 

1 H 

2 

i )* 

i ” i 

' >’ 

798*9 

* 

83-96 

83-967 

! 83-41 

1 ^ 1 

4 

! 

1 


809-2 



* 81-409 

j 81-36 

1 ' 

1 1 

2 

1 

i !! i 

821-6 

♦ 

SO 57f 

80 562 

80-60 

' 8 

10b" 

1-25 

' ” 1 

825-3 

* 

79-38 

79-373 

1 79-32 

i 5 

4 

i ** 

i „ 

831-1 

♦ 

78 92 

78-908 

! 7S-90 

6 

6 

,» 

! n 

833-3 

♦ 

77-36t 

77-318 

1 77-36 

1 8 

10 

1 ’* 

1 V 

I 840-7 

* 

71-96 

71*959 

1 72-00 

1 ^ 

lOh" 

1 n 

! *» 

1 866-4 


* Lockycr and Haxandall, 4655-50, 64*80, 63*13, 

19-07, 

48-08, 

46-52, 

46-20, 44*66, 


44-24, 10-92, 40-27, 36-36, 35-38,30-26, 26-66,24-61,21-42, 19-92, 19-00,18-00, 17-00, 
16-20, 14-10, 11-05, 11-11, 09-84, 07 42, 06-33, 00-41, 4694 27, 91-41, 88*97, 86'51, 86-20, 
83-96, 81-40, 80-67, 79-38, 78-89, 77-33, 71-97. 
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Vanadium — eontinued. 


Arc Spectrum 

Spark 

Spectrum 

Exner and 
Hascliek 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
m Vacuo 

! 

Hasselberg 

Rowland and 
Harrison 

Arc 

Spark 

K + 

1 

\ 

♦ 4570-60 


4670-57 

4 

4 

1-25 

6-0 

21873-0 



69-4 


2 


II 

879 



67-40 


2 

»* 

II 

888-3 

♦ 64-76 

4664-756 

64-80 

2 

12 


II 

900-9 



6:>.)5 


2 


6-1 

901-7 



63-56 


2 


II 

906-7 

* 60-90 

60-893 

60 00 

6 

12 


II 

919-4 j 



68 60 


2n 


II 

930-5 ' 



66 96 


2n 


fi 

938-6 ; 



55-63 


2 


11 

945-2 i 

* 63-25 


63 22 

6 

8b» 


II 

956-3 1 


52-735 

62 67 


2 


II 

958-9 1 

♦ 62-05 

62-016 

61-99 

4 

2 

>> 

II 

962-1 

* 49-81t 

49-824 

49-86 

C 

12 

If 

II 

972-8 



47 97 


2 

If 


981-8 

* 46-57 

45-566 

46 60 

7 

14 

If 

II 

993-3 

♦ 41-57 


41-6 

2 

2b 

1-24 

„ 1 22012-9 

♦ 40-18 

40-179 

40 18 

4 

4 

If 

019-6 

♦ 37-84t 

37 834 

37-80 

4 

4 

II 

„ ; o:;o-9 1 



36 1 

6 

2b 



039*3 



35 73 


2 



041-1 



36-4 


2n 

II 

II 

042-7 



34 94 


2 



044-9 


*34-107 

34-11 1 

6 

4 

II 

„ 049-0 

* 30-97 

30-972 

30 95 

4 

2 

II 

., 0H4-3 

* 29-76 


29-73 

6 

4 


„ ! 070 2 1 

* 29‘-47 

29-476 

29-45 

4 

2 

II 

,. ‘ 071 6 

♦ 28-66 


1 28 69 

4 

8 


„ j 075-4 

* 28-16 

28-168 

28 12 

5 

4 

II 

078 0 

♦ 25-31 1 

25-337 

25-31 

4g also 

4 

II 

., ! 091-7 




Fe 


1 

! 

* 24-38 

24-378 

24-41 

6 

6 

! 

•» i» 

096 3 



23-97 


2n 

i 

It 1 II 

098-4 



j 22-32 


2 

i 

II 1 II 

106 5 



20-70 


2 

1 .. 

114 1 

♦ 20-67 

! 20-686 

20-63 

1 3n 

2 


1117 

♦ 20-31 

1 20-331 

20-32 

1 4ii 

2" 

II 

.. j 110 2 ! 

* 17-77t 

i 17-738 

17-70 

i ^ 

4 

i> 

„ 128 9 1 



16-85 

1 

2n 

II 

., 1 i;!3-2 



1 16 21 

1 

1 

2n 

II 

„ ■ i:?f.-3 

* 15-74 

: 15-729 

1 15-71 

: 3 

2 


„ ' 138-7 

* 14-36t 

14-367 

1 14-37 

1 5 also 

4 

II 

II , 145-4 




1 Fe,Co 




13-79 

13-792 

13-78 

i 4 

2 

II 

„ ! 148 2 



12-92 


6n 

II 


162-5 

* 11-64 

11-605 

11 60 

4 

2 

II 

II 

168-9 

* 09-49t 

09-463 

09-46 

4 

2 


II 

169-6 



1 08 44 


2n 



174-5 

* 08-11 


1 08-05 

2 

i 2 



176 4 

♦ 06-77t 

06-744 

i 06 75 

4 

1 2 

; >1 ' II 

182-9 


* Lockyer and Baxandall, 4670 62, 64-79. 60-89, 63-26, 62 03, 49-79,45-56, 41 60, 
40-18, 37-83, 34-08. 30-9S, 29-78, 29-60, 38-64, 2819, 4625-33, 24 39, 20-71, 20-36, 
17-76, 16-73, 14-36, 13 83, 1163, 09 46, 08-10, 06 73, 06 40, also lines at 400316, 
4666-59. 
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Vanadium— conitn!<erf. 



1 

1 

Spark 

Intensity and 

Reduction to 


Airc opecLrum 

Spectrum 

Character 

Vacuum 

Oscillation 







1 

1 






Rowland and 

Exner and 

1 

i 1 

in Vacuo | 

Hassclberj^ j 

Harrison 

Haschek 

Arc 1 Spark | 

1 A 

1 

*4506-41 


4506-40 

3 12- 

1-24 i G O 1 

22184*6 

* 06-30 


06-27 

4 1 2 ; „ , i 

185*0 

* 02-12 

4502-121 

02-19 

6 6b » 

1-23 

205*6 



♦01-44 

2 


209*0 

* 01-01 

01 001 

01-00 

4n 2 


211-2 



4490-97 

2 


216-3 



98-28 

2 


224-6 



97*88 

2 


228-6 

♦4497-57 

4497-574 

97-57 

4 4 

» 6 2 

228-0 

* 97-03t 


97 03 

4 4 

»* i M 

230-7 

* 06-26 

96-233 

96-30 

6 6b’' 


234-6 

* 05-16 


95-18 

3 2n 

1* ! M 

239-8 



92-47 

2 

253-3 

* 01-66 

01-648 

91-66 : 

2 1 2 

„ ' „ i 257 3 

* 01-35 

91-343 

91-35 

3s ! 2 

258-8 

♦ 90-051 

90-981 

90 99 

5s i 4 

i .. 1 2607 



90-3 

1 2n 

„ .. 264-0 

* 80-06t 

89-096 

89-11 

7 1 16b’' 

M j »* 

270-0 



88-46 

, 2 

It ‘ It 

273-1 

* 6-44 


86-43 

2 1 2 

M ! 1. 

283-2 



85-9 

1 


285-3 



83-76 

5s 2n 


206-5 

• 80-20 

80 206 

80-26 ; 

4b'' 

j 

313*9 



♦ 77-46 j 

1 2 

,1 ! „ ! 327*9 



76 06 1 

4 1 2 

n i M I 334-9 

76-OG 

1 

75-85 i 

! 2 

„ i „ ; 33.5-3 

* 7-1-HO 

74-809 

1 74-03 i 

7 ^ 10 

„ ! 310-7 

♦ 74-21 

74-207 

74-28 

6 < 10 

. „ : 344-1 



♦73-13 

2 

' 348-0 



; 72-53 

1 2 

M M 352-5 



' *71-04 

j 2 

» ! .1 

1 355-5 



1 *71-50 

2 


357-7 


r 

i 71 00 1 

1 

„ 1 „ ! 360-2 


70-827 1 

' 70-60 i 

" 1 2n 

! „ 1 M ! 362-2 

* 60-88 

60-871 

60-02 

7 12b^ 

1 „ 1 ,♦ j 365-8 

* 68-04 

68-031 

68 04 

4 4 

l‘>2 

A 1 ,, 

! 370-5 j 

* 68-10 

68-174 

68-20 

5 6b’' 

1 I, „ ; 374-2 



*67-78 

2 

1 .1 i 376-3 

* 67-01 


67 05 

4 2 

1 „ M ; 379-9 


* 65 675 

65 67 

6 4 

i „ „ ' 386-8 



* 64-05 

4 

»> It 

390-5 



*64-40 

bb’' 

n i» 

392-8 



63-30 

2 

,1 1 M 398-7 

* 62-56 

62-533 

62-60 

TseeNi' 14 

-102-3 

i 

60-849 

61-20 

8 ; 4b'' 

„ .. i 411-1 

* 60-46t 

60-462 

60-52 

9 12b’' 

i 11 1 »t i 4130 

* 50-03t 

60-918 

50-98 

8 14 

i „ i M 1 415-6 


68-015 


2 1 

420-8 



* 58 57 

12 2 i „ 1 „ 

i 422-5 i 

' * 57-97t 


57-98 

IB Bb’ 1 „ 1 „ 

i 425'5 


* Lockver ami Baxamlall, 4.-)Cr>-30, 02 12, OM.'), 0100, 4197 :).-), 97 00, 96-24, 96-17, 
91-66,91-36,90-99, 89 08,86-39, 80-21,77 48, 74-91, 74-22, 73-46, 71-96, 71-61, 69 87, 
68-96, 68-23, 67 87, 67 09, 65-69, 61 96, 64-46, 62-52, 60-52, 69 96 68 67, 58 00, and 
8l>o 4484-24,61-18. 
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V A.sxmv!i— continued. 


Arc Spectrum 


Hasselberg 


Kowland and 
Harrison 


* 4457*651 4457-632 

* 56*68 56*668 


♦ 52*91 

♦ 52-19 

♦ 51*09t 

♦ 49-77 

♦ 44*401* 


* 38*02t 38-004 


36*31t ! 36-309 


* 30*68 

* 29*95 

* 28*68t 


♦ 26-171- 

* 26-86t 

♦ 24*74t 

* 24*10 

♦ 23*41 \ 
23*22 J 

♦ 22*40t 

* 21*73t 

* 20*08 

♦ 16-63t 


25-594 Ca | 
24-743 I 
24-082 


Spark 

Spectrum 

Exner and 
Haschok 

4457-65 I 
56-72 
56-07 Ca ‘ 
55-52 I 

5 1- 96 Ca ' 

* 54-32 I 
53-53 

* 53 37 

52- 90 
52 23 
51-11 
49-76 

* 45 99 
41-42 I 


40 (>5 

* 39 16 
38 08 
37-50 
37-00 
36 34 
35-84 

* 35-53 
35 0 
34-74 

* 33 07 
30-72 
29-99 
28-71 

* 27-50 
26-23 
25-88 
25 60 
24-75 
24-11 


22-43 

21-82 

20-19 

16-9 

16-63 

* 14-74 

* 13-87 
12-38 
11-83 
08-68 


Intensity and 
Clkiracter 


Reduction to 

Vacuum Oscillation 

Frequency 

1 HI Vacuo 


22427-1 
432*0 
435-1 
437-9 
440-7 
443 9 
4 17-9 
448-7 
451-1 
454-6 
460-2 
166-9 
4S6 0 
194-0 


! 2n 


* Lockyer and Baxandall, 4457*67, 56-68, 54 34, 53-30, 52-91, 5219, 5M3, 49 78, 
46-04, 44-39, 43*56, 41*90, 39-19, 38 02, 36-33, 35-60, 34*80, 33 09, 30-71. 30 02. 28*72, 
27*49, 26*22, 25*95. 24*77, 24*11, 23*40, 22*42, 21*77, 20*14, 16-71, 14*74, 12-33, 08 67, 
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Vanadium— coBiiawei. 



Arc Spectrum 

Spark 

Intensity and 

Reduction to 



Spectrum 

Character 

Vacuum 

Oscillation 






1 



Frequency 




Exner and 
Haacliek 





Hasselberg 

Rowland and 
Harrison 

Arc 

Spark 

A, + 

1 _ 

\ 

in Vacuo 


4408*368 

4408 40 i 

8 

10 

1 21 

6*3 

22677*8 

♦ 


07*801 

07*89 1 

9 ; 

12 



680*5 

* 

OG-SOt 

06-805 

06*00 

*> i 

12 



685*8 



*06-277 

06*35 

8 1 

6 



088-4 

* 

05*20t 


05*19 

53 ! 

4 



694*2 




04*45 

i 

2 



698*0 

* 

03*86 

03*831 

03*83 

3 

4 



701*2 




01*95 

1 

2 

)) 


710*9 

4> 

00*74t 

00-738 

00*80 

8 

18 



717*1 




♦4309*60 

i 

2 

»» 


723*0 




98*70 


2n 

1) 


727*7 




* 98-05 1 

1 

2 

)i 

n 

731*0 

i 


4397*302 

07*55 

2 1 

2 

»» 


734*0 

! 



* 97-00 

i 

2n 

»» 

„ 

736*5 

' * -4:V.).V40!- 

95*382 

95*40 

9 i 

20 



744*6 

+ 

04*5)St 


04*90 

3 

4 



746*9 


04-01t 

94-000 

94 03 

4 

4 


II 

751*9 


03*26 

93 258 

03*30 

^ i 

4 

1*20 

766-8 

* 

02 24 1* 

92-234 

92-27 

-t 1 

4 

»> 


761*1 

* 

01*84 


01*86 

» ! 

2 

»» 


71)3*2 ' 

* 

00*70 


00 81 

2 

2 


1) 

768*6 


00*131* 

90*142 

00*23 

9r , 

30 


771*9 

! 



89*27 


2 



776*5 

' ■¥ 

87 40 


87*37 

3 : 



)> 

786*3 

! 

81-871- 

84*875 

84*88 

1 

40r 

1) 

709*4 

, * 

81*37 


84*35 

2 

2 


91 

802*0 


81U7 



2 • 


,, 

99 

803*3 

1 



82-06 


2 

)) 

91 

809*3 

1 


1 

♦ 81*04 


2 


99 

814*6 

' 


, * 81*187 

81-20 

2 ! 

2ii 

ft 


818*5 


80 tiO 

; 80*710 

I 80*72 

4 i 

4 

»» 

i 

821*1 1 

* 

70*381* 

70 302 

1 70*40 

9r • 

lOr 

It 

’’ 

827*9 1 

★ 

78*06 


1 78*02 

4u 1 

2 

II 


835*0 1 



' 

i ♦ 76 0 


2b 



840*0 1 

♦ 

76*2r» 

1 

i 76*19 

i 2 1 

2 



844*5 

♦ 

7r,*i7t 


75*47 

4 

1 4 



848*4 




1 ♦ 75*21 


i 2 

II 


819*7 ; 

♦ 

73001* 

73*08 4 

1 73*09 

•4 ' 

i 4 



856*1 ! 

* 

73*401* 

73*383 

j 73*42 

*4 

j 6bv 



859*3 1 




70*45 


i 2n 



874*6 

* 

60*2“) 

i 

(59 22 

2 

i 2 


99 

881*1 

* 

68*761* 

1 68*750 

1 68*73 

3 

4 

II 

9* 

883*6 

* 

68-251 

1 

1 68*19 

4 

6 

•1 

6*4 

886*2 




67*74 


2 

II 


888*7 

* 

67*24 


67*07 

2 

4n 

II 

J, 

891*8 


67)02 


65*89 

3 

2 

II 

1) 

898*4 

4> 

61*37t 

6 4*377 

64*36 

4 

4b" 


t 

906*4 

* 

63*60 

63*600 

63*69 

4 

4 

1* 


910*0 

* 

G3*18t 


63*49 

2 

2 

II 

II 

911*1 


* Lockver and Baxandnil, 440R’.15, 07'83, 00-80, OO-O.I, 05-20, 03-87, 00-74, 4309-03, 

08-00, 90-93, 95-42, 95-05, 94-0.3,0.3-28, 92-28, 91-88, 90-80, 90 13, 87-42, 84-02, 84-42, 

84-13,81-03,81-21,80-76, 79-44,78-13, 77 05, 70-25, 75-51, 75-28, 74 01, 73-40, 69 24, 

.68-78, 08-23, 67-26, 65-94, 04-40, 63-75, 63-64, also 4432-28, 31-91, 31-36, 22-71, 18 88, 

17-83, 10-26, 13-00 13-60, 02-79, 01-91, 01-34, 4397-56, 96-61, 95-77, 
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Vanadium— con<i»i«erfi 


Arc Spectrum 

Spark 

Spectrunl 

Hasselbcrg 

Kowland and 

Exner and 

Harrison 

Haschek 

♦43G1-57 

j 

4361-55 

* GM8 


61-17 

♦ 60-75 


60-76 

60-30 

♦ 57-82 


67-76 

* 67 60 


67 61 
* 56-97 

* 66-lOt 

4356-104 

66-16 

♦ 65 09 

55-138 

55-18 
* 53-52 

* 6302t 

53-040 

53-10 
* 52-60 



* 50 99 

* 50-85 



50-15 



* 47 07 



46-60 

* 43-00 


4301 

* 42-36 


42 37 

• 41-16t 

41-162 

41-21 
♦ 39 30 

38-12 

* 36-29 


1 36-29 

i * 35-64 

1 * 35 03 

♦ 34 23 


1 34 26 

♦ 82 98t 

32 985 

i 33-05 

* 32-56 

1 

i 

1 

32-46 

1 31-73 

♦ 30 18t 


1 30-28 

1 27-26 

i 25-40 

1 24 80 

1 23-68 

* 22-61 


1 22 52 

1 22 20 

* 20-46 


' 20-45 

* 20-13 


18-803 

18-81 

16 4 

♦ 16 02 


15 98 
♦ 15-00 

♦ 14-06 


14 07 
13-50 
13-06 

* 12-56 


12 56 

* 11-85 

* 11-62 

* 09 95 

09-949 

10 00 


Intensity and Reduction to 


Character | 

VfLcuum 

Oscillation j 
Frequency , 
in Vacuo j 

i 

Arc 

Spark 1 

A+ 1 

1 


3 

4 

1-20 

6-4 

22821-2 

2 

2 



823-2 

3 

4 

f 9 

99 

825-4 


2 

99 

99 

827-8 

2 

2n 


99 

841-0 

3 

2 

»♦ 


842 0 1 


2 

1-19 

99 

945-3 

6 

4b^ 


99 

848-8 

4 

4b^ 



855 0 


2 

»» 


963 6 1 

7 

12 

ft 


966-0 1 


2 

»> 


968-4 1 



»» 

99 

976-9 ; 


2 

»i 

99 

977-6 

1 

2 

tt 


981-3 


2n 


99 

997-6 


2n 

»* 

99 

23000-1 

4 

4 

>» 

99 

019-1 

3 

2 



022-6 

6 

14b^ 


99 

028-9 


2n 

*t 

99 

038-8 


2 


99 

045-1 

3 

4 


• 9 

054-8 


2 

»» 

99 

058-2 


2 


99 

061-5 

3 

4 


99 

065-6 

6 

! 12 i 


99 

072-4 

3 

' 2 

ft 

9t 

077-7 


2 

1 ” 

9 9 

079-1 

3 

1 i2b^ 

i ” 

99 

084-4 


i 

tf 

99 

102-9 


2 

ft 

99 

112 8 


2 

ft 

99 

116-2 


2 

tt 

1 

122-0 

2 

2 

ti 

99 

128-3 


2 

ft 

99 

130 0 

o 

2 

i ” 

99 

139-3 


2 

1 ” 


141-1 


2 

1 M8 

99 

148-1 


2n 

It 

99 

161-1 

2 

2 


99 

163-2 


2 

! 

,, 

168-6 

3 

4 

1 ” 

99 

173-6 


2n 


99 

1 176-6 


2 

” 

99 

1790 

2 

2 

>> 

99 

181*7 


2n 

>» 

99 

185-5 


2 

ft 

99 

186-7 

6 

8 

ff 

n 

195-7 


* Lnckyer and Baxandall, 43G1'68, 61’24, 60 77, 67'86, 67'64, 56 98. 66'14, 56'14, 
63-54, 53 02, 52-68, 50-97, 60-86, 47 02, 43-02, 42 39, 41 19, 39-31, 36-33, 35-69, 35 06, 
.34-25, 32 96, 30-18, 22-53, 20-49, 2016, 15-95, 16-02, 1411, 12-68, 11-83, 11-66, 09-96, 
also 4388-32, 85-63, 83-32, 8V43, 77-33, 74 38, 71-98, 66-76, 47-64, 45-39,31-28, 29 90. 
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V AN ADIUM — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in. Vacuo 

Hassclberg 

Rowland and 
Harrifion 

Exner and 
Hascliek 

- 

Arc 

Spark 

\ + 

A 


4309-69 


4309-68 

3 

2 

1-18 

G-4 

22197-2 




* 08-60 


2 


65 

202-9 

*■ 

07-33 


07-37 

6 

() 

M i „ 

209-6 

* 

06*35 


06-39 

6 

4 

M 


214-9 




06-07 


2 



216-5 




* 05-61 


4 



219-0 




04-98 


2 

n 



222-4 




04-3 


2n 

it 


226-1 

♦ 

03-70 

4303-697 


4 


ti 


229-3 




02-69 Ca? 


4 



234-8 




♦ 02-31 


2 

»i 


236-8 




01-;!:! 


4b" 

»» 


242-1 




00-73 


2 

>» 

ii 

245-4 




00-25 


2n 



247-9 



* 4299-240 

4299-13 

o 

2 

Jf 


253-7 




* 98-80 


2 



255-8 

♦ 

4298-17t 


98-23 

5 

8 

1i 


259-0 

* 

97-86 

97-840 

97-87 

6 

8 


,, 

260-9 




* 97-26 


2 



264-1 

* 

96-28 

9(;-266 

96-31 

5 

10 



269-4 

* 

91-97 

91-97<S 

92-01 

6 

10b'' 



292-8 


91-46 


91-16 

4 

4 



295-6 




9M3 


2n 



297-3 




90-45 


2n 



! 301-1 




89-87 Cr/ 


2 



, 304-2 




89-51 



ii 


306*2 




* 88-96 

1 

2 



i 309-2 


87-97 


87-98 

4 

4b^ 



; 314-5 

♦ 

86-67 


80-57 

4 1 

4 

>> 


322-2 




86-24 


2n 

■ 

! 323-9 




85-60 


•> 


' 327 4 

* 

84-19 1 

84-208 

! 81-25 

1 6 

12 


‘ 335-0 

* 

83-06 

! 

, 83-10 

i 

, 6 



311-2 

* 

7912 


70-10 


10 

1-17 


, 362-9 

* 

77-12t j 

77-101 

77-14 

6 

12 



373-7 



j 

1 * 76-47 


2 



1 377-3 




74-96Cr.^ 


, 2 



385-5 




* 73-54 


2 


393-3 




* 72-90 


2n 


396-8 

* 

71-71 

71-706 

71-68 

6 

, 1 


403-4 

* 

70-49 


70-5 

! 4 

I 4b'' 


410-0 


69-92t 


60-91 

1 4 

4 

J> ' n 

413-2 

♦ 

68-78t 

68-787 

68-83 

6 

14 


419-3 




68-00 


♦> 1 


i 423-7 


67-60t 


67-55 

3 

4n ' ,, 

>> 

i 426-3 

* 

65-28 


65-31 

4b 

4 



1 438-5 




64-65 


2n 


.. 

1 442-1 




64-00 


2 



445-7 

* 

62-32 

I 62-311 

62-32 

4 

61)'' 


*» 

i 454-9 

* 

61-37t 


61-4 

4 

2n 


It 

1 460-0 


♦ Lockyer and Baxandall, 430975, 08-61, 07-32, 06-40, 05-64, 03-70, 02-32, 4299 27, 
98-79, 98-17, 97-86, 97-29, 96 30, 91-96, 91-46, 89 00, 87 93, 86 57, 84-19, 83 08, 79*12, 
77-10, 76-60, 73-60, 72*93, 71-75, 70 51, 69-89 63 78, 67*43 66-25, 62-30, and also 
43l8-’04. 0'6-76, 4278-63, 66 07, 61-32. 

1901. 


t 
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VAJHABivu—continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 


Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

\ 




4260*90 


2 

1*17 

6*5 

22462*7 




* 60*47 


2n 

>» 

»> 

465*1 




* 60*31 


2n 



4660 

♦4269*46+ 

4269*464 

69*46 

4s 

4 

»> 

»> 

470*7 

* 

57*53t 

57*617 

67-64 

4s 

4 

tt 


481*9 




67 17 


o 



483*3 

♦ 

66*60 


65*63 

3 

2 



491*8 




64-61 Cr? 


4b" 

99 

tt 

498-0 


63*02 


63*00 

3 

2 


99 

506*3 

♦ 

61*46 


61*46 

2 

2 

»» 

6*6 

514*8 




49*49 


2 

,, 


625*6 




48 96 


2 

»> 


528*6 

♦ 

47*46 


47*5 

2 

2b 


tt 

536*7 




* 46 83 


2 



540*4 




43*98 


2 

1*16 

99 

556*2 




43*02 


4 


99 

561*5 

♦ 

41*48 


41*45 

4 

4 


99 

570*3 

♦ 

40'53t 


40*61 

4 

2 

„ 

tt 

575*6 

* 

40*26t 


40*23 

4 

2 

,, 

tt 

577*0 


39*12 



3 




583*2 




36*99 


2 



595*1 




♦ 36*78 


») 

)» 

99 

596*2 

♦ 

36*90t 

35 909 


5 


»> 

99 

001*1 




35*47 


4 



603 5 

* 

34*70t 

34*671 

34*71 

6 

4 

»♦ 

99 

607*9 




31*3 


2n 


99 

610*1 

♦ 

34*12 

34*149 

34*17 

6 

4 


99 

610*9 

* 

33*09+ 

33*007 

33*12 

6 1 

4 

>> 

99 

616*9 


32-62 f 

32*604 

32*66 

^ 1 

6 


99 

619*4 




32*20 

j 

6 

M 

99 

621*8 




31*30 


o 


99 

026 8 

♦ 

29*87 


29*82 

4 

! 6 

>> 

99 

635*1 

♦ 

27 *901 


27*90 

4 

4 

»> 

99 

645*8 



26*871 

26*85 Ca? 

8 

10 

»» 

99 

651*7 


26*78 



4 


»* 

99 

652*1 

♦ 

26*40t 

25*369 

25*40 

2 

8n 

It 

99 

659*9 




24*70 


2 

tt 

99 

663*7 

♦ 

24*30 


24*32 

4 

4 


99 

665*9 




22*77 


2 


99 

676*6 

* 

22*49 


22*50 

2 

2 

tt 

99 

676*1 

♦ 

21*17 


21*20 

2n 

2n 

tt 


683 3 




20*21 


4 

}f 


686 9 

* 

19*65 


19*70 

3 

2 



691*9 

♦ 

18*86t 


18*87 

4s 

4 

i „ 


696*8 




18*65 


2 


697*7 




18*20 


o 

i ,, 

1 

700*2 

♦ 

16*52 


16 53 

2 

1 

1 

i „ ! 709 7 1 




15*77 Sr? 


i 2 

1 

„ i 7! 6-!) 




1M2 


i 2n 

1 

I „ 723*1 




13*8 


i 2n 


i „ 721*9 i 




13*17 


. 2n 

1 tt 

„ 1 728-6 1 


♦ Lockyor and Baxandall, 4260*46, 60*28, 60'47, 57*60, 55-60, 68 00, 51-12, 47*43, 
46*01, 41*52, iO*54, 40*29, 39*15, 36*78, 35*02, 34*71^ 34*18, 33*00, 32*68, 20'02, 27*02, 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hassclberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

X + 

A 


4211-02 


4211-02 

2 

2n 

116 

06 

23740*6 


10-55 



2 


it 

tf 

713*3 

♦ 

00-08t 

4210 002 

10-02 


12 


)9 

746*4 

♦ 

or)-23-i- 

05*201 

05 30 

2 

16 

1-15 


773*4 

♦ 

04-67 





♦ 

776*5 




* 01 30 

2 

1 

’ 1 

1 )) 

778-1 

♦ 

02-52 

02*600 

02*52 

2 

8 

It II 

788-7 




* 01*08 


2 

11 

11 

706*8 


00-33 


00 38 

4 

2 

J, 


800*9 




00 00 


2n 

II 

6-7 

802-8 

* 

4108-7St 


4108*80 

Is 

1 


„ i 809*6 

* 

97*77t 


07-70 

4.S 

4 

; „ 

815-4 

* 

07-45t 


07-47 

2 

2 

„ I •< 

817*3 




* 05 8 


2ri 

II ' II 

826 7 

* 

011 7 


04-21 

2 

2 

II 1 II 

mri 

+ 

91-70 


01-80 



j 

II 1 II 

819 4 




OMl 


4 

II ' II 

853*3 




00 50 


4 

II II 

«r>(;-3 


80-00 

4190*011 

00-03 

5 

6 

! 

II II 

850*6 

* 

87-82 



2 


II II 

872*1 

♦ 

86-95 


86-03 

2 

2 

II 1 

877*1 


83-50*1- 


83 67 

<> 

16 

11 ' II 

806 0 

* 

83- 13 

83*07 


2 



8‘)8-l 

* 

82 7 1 

82*733 

82-77 

5 

4 

II 

90] 0 

* 

82-23 


82*2r) 

«) 

1 

M M 

002*9 

4> 

80*00 r 


! 81-03 

2 

2n 

II 

909-9 


70*53 


1 70-60 

5 

1 6 

II 1 II 

919*2 




j 70-22 


2 

II 1 11 

921-2 




' * 78 55 

1 


II J> 

925 0 




* 77'75 

1 

1 *> 

11 1* 

028*6 

♦ 

77-251- 


j 77-22 

4 

! 4 


032*5 


77-02 


j 

2 


J» II 

033 8 

♦ 

70*83 



2 


f I II 

034*9 




76-00 


1 2n 

I* l> 

030*7 

♦ 

75-30t 


75 ’30 

i 2 ^ 

I 2 

.. 

943*7 




75-15 


' «> 

If 

9U*5 


74-181* 

74*155 

71-19 

^ ! 

1 4 

f 1 I n 

949-1 

♦ 

71-45 


71*46 

’ 4 ; 

: -i 

}$ M 

965 8 

* 

G9*40t 


* 69 41 

! 3 i 

1 4 

ff f f 

9(;7-5 




* 69 06 

1 1 

•> 

• > 

979-5 




67-1 

1 1 

, i 

2b 

1 

900-8 




66-32 

' i 

2 

! II 1 II 

995-3 




64-60 


4 


24005-2 




63-82 


2ii 

' II It 

009-7 




6252 

2 ' 

2 

’ i 

II 11 

017-3 

* 

02*51 


62 2 


2n 

11 II 

019-0 

♦ 

()0-57 j 


60*57 

2 

2 

fi ‘ II ^ 

928-6 

* 

50 841* 1 

50*822 

1 50 87 

; » 1 

6 

•1 1 i> ! 

032-7 

* 

58 11 ; 

1 



i 

, 1 

012-6 


* Lockycr and Baxandall, 4210*00, 

05-2iS, 0Hi7, 01'31, 02-50, 01 05, OO-.IO, 


4108-74, 07 74, 97-43, 9r>-73, 04-13, 91-G9, 80-05, 87-71, 8G-01, 83 G0, 83-15, 83*74, 
82-21, 80-05, 79-54, 78 53, 77*07, 77 10, 77*00. 70 85, 75*21, 74*13, 71 12, 00*37, 
00-08. 07*15, 02*48, 00*48, 5y’82, 58*11, and also 4200 00, 39-80, 23 15, 00 73, 4109*97, 
99*75. 
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BEPOBT — 1901 


Vanadium -^continued. 


Arc Spectrum 


Spark 

Spectrum 


Intensity and 
Character 


„ ,, Rowland and Exner and 

Hasselberg Harrison Haschek 


*4156*00 

♦ 55-39 
5349 

♦ 52-81 

* 51-52 

* 50-84 

♦ 49-02 

* 43-02 

♦ 42-75t 

* 41-96 


* 39-39 


* 36-52 

* 36-25 

* 34-61t 4134-617 


♦ 29-00 

♦ 28 25 1* 

♦ 24-23 

* 23-65t 

* 21-13 

* 20-69 

♦ 19-58t 

* 18-73 

* 18-34 
16-85t 

♦ 16-64t 

♦ 15-32t 

* 14-69 

* 13-65 

♦ 12-47t 




Reduction to 

Vacuum Oscillation 

j Frequency 

1 in Vacuo 


24054-9 
058-4 
069-4 
073-4 
076-3 
079-9 
084-8 
095-3 
102-1 
130 0 
131-7 
136-2 
139-0 
146 5 
151-3 
157-9 
164-5 
168-1 
169-8 
171-7 
179-2 
183-3 
193*8 
19S-G 
201-5 
212-2 
216-5 
229-3 
210-1 
243-4 
245-6 
258-3 
261-0 
267-5 
269-5 
272-5 
274-8 

283- 6 

284- 9 
292-5 
296-4 
302-5 
309-4 

311- 7 

312- 7 
318-6 
324-5 
328-9 


♦ Lockyer and Baxandall, 4155 95, 65-34, 63-47, 52-80, 51-46, 50-80, 50-22, 49 01, 
47-90, 43-02, 42 80, 41-91, 41-60, 39'34, 38 17, 37 36, 37 06, 36 56. 36*27, 36-40, 34 61, 
33-86, 32-08, 31-26, 30-28, 28*94, 28-20, 24*16, 23-69, 23 30, 2108, 20-66, 19-56, 19 23, 
18-76, 18-34, 16-64, 15-33, 14-69, 13-62, 12*60, 12 00, 11*22, 10*86, 09-89, 09 20, also 
4184-55, 80-12, 66 86, 68-68, 66-66, 54*16, 46*16, 46 62, 43*47, 32*93, 3107, 30-44, 
27-56, 27-16, 22*94, 22*45, 21-75. 
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V ANADIUM — continued. 


Arc Spectrum 

Spark 

Spectrum 

Exner and 
Haschek 

Intensity and 
' r 



Reduction to 
Vacuum 

Oscillation 
Frciiuoncy 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Arc 

Spark 

A + 

a"" 

♦ 

41083G 


4108-38 

4 

6 

1-13 

6-8 

24333-8 

♦ 

07-611- 

4107-599 

07-64 

3 

o 



338-1 

n« 

05-32t 


05 38 

6 

8b- 



351-6 

♦ 

0}-9!>t 


04-92 

4 

6 



351-2 

* 

01-55 

01 51G 

04-59 

4 

6 


,, 356-4 




* 03-57 


2 


„ ! 362-2 

♦ 

02 -3 It 

02-285 

02-31 

C 

10 



369-9 




01-15 


4 



376-6 

* 

4000-93t 

4099 921 

00 00 

7 

16 


6 9 

383-7 




+10l>9-93 


2 



389-1 

♦ 

98-541 

98-610 

98-55 

4 

4 



392-1 

* 

0709t 


97-08 

3 

2 



400-7 

* 

96-(;4t 

95-607 

05-66 

6 

12 



409-4 

♦ 

94-12 


94-11 

4 

4 


„ 1 416-6 

♦ 

93-G5 


93-66 

4 

4 

1-12 


421-1 

♦ 

92-83t 


92-86 

6 

8n 


^ 

426-0 

* 

92 54t 

92-532 

92-53 

4 i 

4 



427-9 

♦ 

92-09 


92 10 

3 1 

4 



430-4 

* 

00- 70 1- 

90-703 

90-79 

6 i 

16 



438-6 




85-81 

i 

4 



468-0 




* 81-90 

i 

2 

»> 


473-5 




* 83-07 


6 



484-6 




HO 6 


26 



487-3 



77-849 Sr 

77-86 


2 



615-8 


72 30 


72-32 i 

4 

2 



549-2 


71-671 

71-6G4 

7r65 j 

^ i 

4 



553-1 




* 70-92 ’ 


2 



557-6 




♦ 68-13 


4 



574-4 

* 

G7-90 


67-87 

3 ! 

1 

n 


675-9 




67-13 


2 



580-4 




♦ 65 21 


12 

” i 
>> 


592 0 

* 

G4-09 

64-061 

64-12 

5 i 

6 

>> 


698-9 




62-86 

1 

2 

M 


606-3 




* 61 75 

1 

2 



613 0 

♦ 

60-97 


61-00 

2 

2 

>> 


617-7 




58-95 I 


2 



630-0 


57-21 I 

57-206 

57-22 

6 

8 



640-5 




56-11 


4 



645-4 




♦ 63-76 


8 

Ml 


661-6 




* 53-40 


2 

9) 


663-7 


62-GO 


62-60 

2 

2 



668-6 

♦ 

51-48t 

51-485 

51-52 

5 

10 



676-4 


51-11 


51-13 

6 

10 

99 

99 1 

677-6 




49-20 


4 

99 

99 

689-3 

♦ 

48-77 


48-78 

4 

4 

99 

99 

692-9 




47-60 


2 


1 >9 

699-1 


17-05 


47-08 

2 

2 

99 

99 

702-4 




46-50 


6 

99 

99 

706-8 

♦ 

42-78 

42-759 j 

42-81 

4 

4 

99 

99 

1 729-6 

♦ 

41-72 



4 


99 


736-0 


• I.ockycr and Baxandall, 4108-32, 07-60, 06-33, 04-93, 04-62, 03-64, 02-26, 4099-94, 
98-99, 98-60, 97-06, 95-60, 94-38, 93 61, 92-81, 92 55, 92 08, 90-74, 84-92, 83 07, 72 28, 
71-67, 70-94, 68-16, 67-96, 66-64,64-11, 62-92, 61-76, 61-00,67-21,63-81, 63-41, 62-60, 
61-62, 61-10, 48-77, 46-99, 42-80, 41-66. 
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Vanadium — continved. 


Arc Spectrum 

Spark 

Spectrum 

Hasselberg 

Rowland and 

Exner and 

Harrison 

Haschek 

* 4010-46 


4040-50 
* 39-76 

38-72 

* 36-93t 


36-95 

* 35-77t 


35-82 

34 91 

* 33 01 


33 04 

* 32-62t 


32-67 

* 31-98 

4031-961 

32-05 

* 31-37t 


31-43 

30-32 

* .3004t 


30-07 

29-2 

28-27 

27-52 

26-65 

* 26-46 


25-50 
* 24-60 

* 23-60t 

23-51 
* 22-038 

23-53 

22-05 

21-61 

* 2.0 70 

* 19 0 

* 19-20 
17-44 

* 10-98 
15-81 
15-51 

♦ 16-20 


15-23 
14-46 
♦ 13-68 

13-55 
12-70 
11-74 

♦ 11-45 


11-47 

* 09 94 


09 95 
^ 08 36 

» 06-86t 

05-838 

05-90 

* 03-70 


03 60 

• 03- lot 


03-12 

01-83 

01-29 

* 00-24 


00-25 

3999-40 

* 3998-87 

3998-847 

98-90 

• 97-.30t 


97-28 

* 92- 951- 

92-916 

92-96 
92-14 
91-65 
* 91-30 


Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in V acuo 

Arc 

Spark 


1_ 

A 

2 

o 

l-ll 

6-9 

24712-7 


4 

11 

7-0 

740 i) 


2 


11 

753-3 

2 

8 


»> 

764-2 

4 

10 



770 3 


o 



770-7 

2 

*> 



788 2 

3 

2 


11 

790-6 

4 

() 


11 

794-0 

3 

4 

11 

»» 

7i>8-3 


2 

n 

»> 

8U4-9 

3 

2 

>> 

>» 

806-5 


2n 


»> 

811-8 


2 



817-5 


2n 

>• 

11 

822-2 


2 

»» 


827-5 

2 

2 

it 

M 

834 8 


2 

M 

n 

840-2 

4 

20 

*> 


8 40 9 

2 

2 


11 

850 0 


2 

>> 

,, 

858-7 


2 



804-3 


2b : „ 


871-1 


r> 



873 0 


0 

»» 


884-5 


() 

,, 

M 

887-3 


o 

1-10 

»» 

894-6 


2 

j) 


890-4 

2 

2 

j) 


898 2 


2 



903-0 


2n 

11 


907-8 


2n 

1) 


908-0 


2n 

»> 


913 9 


2n 



919-8 

2 

2 

,, 

>> 

921-5 

2 

2n 

I) 

>> 

931-0 


6 


n 

940 9 

4 

10 



956-4 

3 > 

2 


7-1 

909-9 

3 

10 


11 

973-5 


2 

11 


981-5 


2 

»> 

11 

984-8 

2 

2 

M 

11 

991-4 


0 



996-7 

6 

8 

11 

11 

25000-0 

3 

10 

»> 

>1 

009-8 

0 

12 


11 

037-1 


2 

»» 

If 

042-1 

1 

2 

11 

11 

045-2 

1 

2n 

♦ » 

fl 

047-4 


* Lookyer and Baxandall, 4040'43, 4039’76, 36"93, 36-77, 33 00, 32-<!4, 31-99, 31-36, 
30-06, 26-47, 24-63, 23-48. 22-07, 20 73, 19-68, 1918, 16-86, 16 26, 13-69, 11-60, 09 99, 
08-33, 06-90, 03-70, 03 12, 03-24. 3998-91, 97-31, 92 96, 91-22, and also 4106 08, 01-66, 
10-99, 4090 06, 88 00, 83-44, 78-10. 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Hascliek 

Arc 

Spark 

A + 

1 

A*" 

*3990*71t 

3990-693 

3990*72 

6 

12 

1-10 

7'1 

25051-1 



* 89-93 


6 



056-0 

♦ 88-97 


88*96 

4 

6 



062-1 



* 88-22 


2 



066-7 



87-82 


2 



069-2 



85-40 


8 



084-5 

♦ 84-75t 


84*73 

4 

6 



087-6 



* 81-45 


6 



090-5 



84-08 


2 



092-8 



* 81-92 


2 



106-4 

* 80-66 


80*69 

4 

6b^ 



114-3 

* 79-59 

79-540 

79-6(> 

4 

0 



1213 

* 79-30 


79-23 

4 

6 



123*0 



* 77-88 


10 



131-9 



* 75-47 


2 

1*09 


147-2 

73-79 


73-80 

4 

16 


it 

157*7 

* 73-49 1 


— 

2 




159*7 

♦ 72-10 


72-08 

2 

2n 



168*6 



70*27 

4 

2 



180-1 


68-588 Ca 

68-60 Ca? 

2 

•> 



1908 

♦ 68-24 


68*19 

4 

8 



193-1 



♦64*65 

4 

2ii 



215*8 

* 63*77t 


63-77 


6 



221*4 


61 652 A1 

0165A1’ 

10 

4 


7-2 

234*8 



60-49 


2n 



242*4 



58-33 





256-0 

♦ 52-091 

52-073 

52-11 

4s 

18 

»» 

I* 

295-8 

. * 50-37 


50 37 

4 ! 

4 



306*9 

1 


*48-74 


4 


tt 

317*3 

' 


47 93 


•> 

n 

tt 

322*5 



*40-01 


i) 

>> 

it 

334*7 

1 


41-68 


o 



343-4 

i 

44-133 A1 

44-20 Al? 

6 

2 


tt 

346-7 

* 43-77 


43-79 

5 

6 

>> 

tt 

349-2 

* 42-16 


42-16 

4 

4 


it 

359-6 

♦ 41-4()f 


41-43 

3 

4 


tt 

364-4 

* 40-75 


40-74 

2 

2 

n 

tt 

368-7 

* 39-48 


39-48 

4 

4 

1) 

It 

376-9 



*39 00 


2 

19 

l> 

380*0 

* 38-35 


38 34 

4 

4 

19 

tt 

384*2 

* 37-68 


37-69 

4 

4 


tt 

388*4 



36-61 


2n 

1-08 

ti 

395*4 

* 36*42 


36-43 

4 

4 

99 

tt 

396-6 

35-28 


35*30 

5 

6 

99 

tt 

403-9 

* 34-16 


34*20 

7 

() 



411*1 


33-775 Ca 

33*81 Ca? 

6 

6 

99 

»» 

413*6 

♦ 31-50 


31*49 

4 

8 

>9 

tt 

428*4 

* 30-19 


30-21 

2 

4 


tt 

436-8 



*29-89 


6 



438-8 



28-73 


2 

1 ,, 

tt 

446-3 


* Lookyer and Eaxandall, 30<10-72, 89-95. 88-98, 88-21, 84-78, 84-51, 81-78, 80-6G, 
79-61, 79-31, 77-88, 75-48, 73-79, 73-63, 72-12, 68-29, 64 64, 63 78, 52 12, 60 38, 48 79, 
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KEPORT — 1901 


XA'SAmvu— continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Howland and 
Harrison 

Exner and 
Hascliek 

Are 

Spark 

\ + 

1_ 

"a 



*3926-68 


4n 

1-08 

7-2 

25459-6 



26-45 


4 


ft 

461*1 

*3925-36 

3925-350 

25-40 

4 

6 


ft 

468-2 

* 24-81 

24-708 

24-86 

6 

8 


ft 

470-7 

* 22-r)8t 

22-548 

2261 

6 

8 

»» 

ft 

486-2 

* 22-05 

22-023 

22 08 

4 

6 

>> 

ft 

489-7 

* 20-66 


20-68 

3 

4 

»» 

ft 

498-7 

* 20-15 


20-16 

2 

2 

)» 


502*0 


19-600 

— 

2 




505-6 

* 16-55t 


16-59 

3 

14 

ft 

>♦ 

526-3 



*15-55 


2 


ft 

532-0 



*16-28 


2 

» 

>> 

533-8 


*14-437 

14-61 

o 

14 

>» 


639-0 



*13-67 


2n 

,, 

ft 

614-3 

* 13-03 


13 07 

4 

4 


,, 

648-3 

* 12-36 


12-37 

5s 

(> 


ft 

552-8 

» 10-93 


10-95 

4s 

4 


it 

562-0 

* 10-011 

09-995 

10-05 

6 

1*> 


ft 

568-0 



09-85 


4 

ft 


569-2 



*08-5 


2b" 


7*3 

578 



*07-35 


2n 


ft 

585-6 

♦ 06-89t 


06-93 

4s 

4 

»> 

it 

588-4 

* 04-63 


04 65 

2 

4 

»» 

»» 

603-3 



04-27 


2 



605-7 

♦ 03*42t 


03-50 

i 3 

8n 


.. 

611-0 

02-71 


02-70 

2 

4n 

>> 

1 

i 

616-0 

* 02-40t 

02-371 

02-41 

7 

6n 

ft 

1 »» 

618*0 


i 

* 01-86 


2 

ft 


621*5 

* 01-30 


01-30 

5n 

4n 

ft 

tt 

625-2 



00 72 

5n 

2 

ft 

ft 

629-0 

* 00-33 


00 32 

i 2 

4 

ff 

tt 

63 1-6 

*3899 30t 


3899-32 

2 

8 

ft 

tt 

638-6 

* 98-15t 

3898-082 

98-2 

(i 

6b 

ft 

tt 

646-9 

* 97-22 


97*22 

4 

4 

ft 

ft 

652-0 



*96-80 


2 

1-07 


654-8 

* 90-29 

96-259 

96-32 j 

4s 

6 

,, 

}» 

658-1 

* 94-19t 


94-18 

4s 

4n 


tt 

672-0 

* 93-03 


93-03 

Gs 

6 

>» 

,, 

679-6 


* 92-471 

92-63 


2n 

ft 

ft 

682*8 

* 91-27 


91*4 

4b 

4b 

ft 

it 

690-8 

* 90-33 ^ 

90-298 

90-35 

6s 

6 

ft 

tt 

697-4 



*89-37 


2 


tt 

703-8 

* 88-50 


— 

4n 


ft 

tt 

709*6 

* 88-23 


88-20 

2 

2 

ft 

tt 

711*4 

86-72 

86-691 

86-73 

4s 

4 


tt 

721*4 

85-91t 


86*95 

2 

2 

»> 

tt 

726-6 



86*83 


2 

>1 

ft 

727-2 

85-00 t 


85-03 

o 

1 

6 


It 

732*6 

84-00 


84-60 

^ 3 

2 

ft 1 

ft 

736*4 


* Lockyer and Baxandall, 3926-36, 24-85, 22-57, 22-11, 20-67, 20-10, 16-57, 15-67, 
15-30, 14-4'J, 13-71, 13-04, 12-36, 10 92, 09 96, 08 46, 07 33, 06-92, 04-51, 03-32, 02 46, 
01-81, 01-28, 00-29, 3899-23, 98-17, 97-20, 96-83, 96-29, 9416, 92-96, 92-63, 91-26, 90-30, 
89-36, 88-47, 88 20, and aUo 3946-36, 28-07, 26-86, 26 64, 14 08, 11-90, 10-67, 09-68, 
03-86, 3898-44, 96-86, 93-88, 91-88, 89-91, 87-69. 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

j Hasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

A*" 

38840-1 


3881*06 

3 

2 

1*07 

7*3 

26739*0 



83*63 


2 

It 


742-5 



83-37 


2 

»» 


743*6 



81-78 


2 

»> 


754-1 



81*20 


2 

»» 


757-9 



80-47 


2 



762-8 

79'82 


70-79 

3 

n 



767*2 



78 86 


lb 



773-5 



76-90 


2n 



786-6 

7(>-21t 


76-25 

5 

4 



791-0 

7G-05t 


76-03 

4 

4 



792-2 



75*78 


2 

»» 


794*0 



76r!’32 


2 



795*7 

7u-22t 

3876*195 

76-21 

6 

6 



797-8 

^ 1 

74-60 


2 



802-5 

1 73*80 i 

73-79 

o 

4 



807-2 

1 

73*38 


2 



809*6 

1 , 1 

72-90 


2 

tt 


813-1 

71 '23 1 

71-21 

4 

6 



824 3 

70*72 i 

70-73 

*2 

4 

»» 


827*7 

i 

70*14 


2 



831*5 

1 

68-20 


2n 



844*5 

()7*77t 


67*76 

5 

6 



847*4 

67*60 


67-40 

*> 

2 



849*2 



66-00 


() 



863-2 

1 

6(5-62 


2 



856*7 



66*9 


4b 



860 

66*02 1 

Gl’SSO 

65-02 

1 i 

8 



865*8 

64*02 


64-00 

4s 

8 


II 

872*6 

62-37 


(52-35 

4.S 

4 

»i 

f I 

883*6 



(50-88 


2n 


)| 

893*6 

60*61 


60* 19 

3 

4 



902*8 

68*83t' 


68-81 

3 

4 

j» 

11 

907*4 



680 


2n 

IT 

II 

913 



67-31 


2n 

TT 

106 

II 

917*6 

no-oot 

66 066 

66-00 

8 

6n 


926*4 

55*60t 

66-486 

56*40 

6 

6 

T» 


929*7 



63*(50 


1 2 

it 

II 

942-6 

62*27 


62-21 

2 

4 

ft 


961*6 

61*32 


61*30 

3 


IT 

II 

957-9 



60*57 


2 

IT 

II 

962*9 



50 30 


2n 

IT 


964*7 

40*48 

49'433 

49-44 

4 

(5 



970*4 

47*4(> 

47*463 

47*50 

5 s 

10 


II 

983-8 

46-03 


45*03 

2 

2 

IT 


26000-3 

44*6St 

44-666 

4 1-60 

5s 

8 

IT 

II 

003*3 



43-65 


4 


fl 

009*6 



42-88 


4 

1) 


014*9 

42*03 


— 

4 

4 

II 

»» 

020-6 

40*8St 

40*866 

40*92 

6 

8 

)l 

If 

028*3 

40-66 


40-56 

5 

6 

II 

II 

030*6 

40-27 


40*26 j 

4 

1 

II 

If 

032*5 

39*63 


30-63 

4 

i 

II 

II 

037*6 

3912t 


39*13 

* 1 

6 

I’ ! 

II 

040-3 



‘ 37-90 

1 

2n ' 

II 


048-2 
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V A2? A DIUM — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

l^eduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Kowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

1 

A 



3836*58 


2n 

1*06 

7-.3 

26057-6 

383G-20 


36 19 

4 

4 

»» 


060-2 

3570 


35*69 

4 

4 



063 6 



34 97 


2 



068-5 

33-36t 


33*38 

2 

2 


II 

079-4 

32-97 


33*00 

2 

2 


II 

081-9 



32*50 


2 

>* 


085-3 



31*98 


2 


II 

088*9 



31-19 


2 


II 

091*2 



30*42 


2n 



090-5 



29*77 


4n 

»» 


103*9 



28*9 


6n 

,, 

,, 

110 

28-67t 

3828*680 

28*72 

7 

6n 



111*3 



27*13 


6 


II 

121*9 



26*95 


2n 


II 

1232 



25*47 


2 


9) 

133*3 



25*17 


2 


II 

135-3 

24- 12 


24*14 

4 

4 

>> 

II 

142-4 



23 90 


2 



144-0 



23*5 


4b 


II 

147 

23‘35 t 


23 37 

4 

4 



147-7 

23-00 1 

23-008 

23 05 

4 

4 


II 

149*9 



22 80 


2 



151*1 

22-14t 


22*2 L 

5 

6b’' 


II 

155*8 

21-63t 

21*607 

21-66 

4 

4 

>> 

II 

159 6 ! 


20-589 

— 

4 


»> 

,, 

166*7 

20*41 


— 

2 


>» 

,, 

167*9 

20-10 

20 087 

20-14 

4 

4 

,, 

,, 

170-0 



18 94 


2 

,, 

II 

178*0 1 



18*48 


4 

1 

j 

i 181-1 

18*37t 

18*370 

18*39 

6 

4 

>» 

,, 

181*8 

18-12 


18*10 

3 

4 

j» 

7*4 

183*6 

17*98t 


17*99 

4 

4 

; ,, 

II 

184-4 

15*65 


15 55 

4 

10 

105 

II 

200*8 

13-63 

13-612 

13 63 

6 

8 

” 

II 

214*4 



09 80 


1 0 

»» 

,, 

i 240*7 

08-64t 


08*70 

5s 

6 


II 

218*5 


08-136 

— 

8 


If 

II 

252*1 

07*64 

07-626 

07*69 

4 

1 ^ 

” 

II 

257*5 


07-425 

— 

4 



,, 

257*1 

06*93 


07*00 

4 

t 4 

M 

! II 

253*3 



06*65 


2 

>» 


262*4 



06*37 


2 

»» 

II 

264*3 



05*12 


2 

1 

1 tJ 

II 

273 0 



04*80 


2 


II 

275*2 



04*6 


2n 


11 

277 

04-05 


04*07 

3 

4 


}| 

280-3 

03*92 


03*97 

3 

4 


II 

281*1 

03*62t 

03-613 

03 64 

5 

6 

n 

11 

283*3 



03*06 


2 

»» 

II 

287*2 



01-4 


2n 

i» 

11 

299 

00-05 

3799-992 

00 07 

! 5 

8 


II 

308*1 



3799-43 


2 

II 

11 

312*3 



98-82 


4 

It 

11 

316 6 



98*41 


2 

II 

' II 

319 4 



ON WAVE-LENGTH TABLES OP THE SPECTRA OP THE ELEMENTS. 128 


Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

sselberg 

Rowland and 
Harrison 

Exner and 
Hascliek 

Arc 

Spark 


1 

\ 



3780*66 


4 

1*05 

7*4 

26331*5 



96 37 


2 



333*5 

1)5*12 


95*08 

7 

10 



342*3 



91 49 


8 



346*6 

9a*7Gt 


93*76 

4 

4 



351*7 



93*53 


2 



353*3 



91*47 


2 

99 

M 

367*6 

90*62 f-J 

3790*593 

90*64 

3 

6 

99 


373 5 

90 46 

90*418 

90*48 i 

5 

6 

99 

II 

374*6 



88*92 


2 

91 

If 

385*5 

87*68 


87*39 ‘ 

2 

16 

99 

1) 

305*0 



81-98 


2 

99 

If 

412*8 

84*84 


81*88 

2 

2 

99 

ff 

413*7 



83 6 


2b 

99 


422*5 



83 08 


2n 

99 

If 

426*1 

82*70 


82*70 

o 

2 

99 

If 

428*8 



82*27 


2n 

99 


431*8 



81*90 i 


2 

99 

II 

434*3 

81*54 


81*55 

3 

4 

99 

II 

436*8 



80 85 


2 

»9 


411*7 

79*80 


79*86 

3 

6 


II 

448*8 

78 88t 

78 808 

78 82 

5s 

10 

99 


455*9 

78*48t 


78*50 

*> 

12 

99 


458*2 

77*6:it 


77*63 

2 

4 

99 


464*2 

77*:u 


77*30 1 

2 

4 

99 

If 

466*5 



77*00 


2 

99 

If 

468*6 

TO 31 


76*29 

3 

4 

1*04 

II 

473*5 

75*85 

1 1 

75*80 

3 i 

4 

99 

II 

476 9 

75*34t 

1 

75*32 

3 

4 

99 

If 

480*3 



74*82 


(i 



483*9 

74*27 


7 1*29 

2 

4n 


ff 

487*7 



73*92 


2 

99 

ff 

490*3 



73*14 I 


10 

99 

>1 

495*7 



72*30 

i 

2n 

99 

7 5 

501-5 

71*87 



3n 


99 

ff 

504*5 

7i*;ut 



2 



tf 

508*5 

7l*l]t 


71*13 1 

4 

20 

99 


509*8 

70*68 


70 67 

2 

2 

9f 

ti 

512*9 



70*10 


2n 

99 

ff 

6170 



69*97 


2n 

99 

ff 

517*9 

69*23 


69*18 

2 

6 

99 

ff 

523*3 



67 84 


8 

99 

fi 

532*9 



66*63 


2 

99 

tf 

542-1 

64*96 


64*94 

2 

4 

99 


563-3 

63*30 


63*26 

4 

4 

99 


566-6 



61*55 


4 


ti 

577*3 



61*43 


4 

99 

tf 

678-1 

60 96 


60*95 

2 

4 

99 

ff 

681*6 

60 dot 


60*40 

2 

10 

99 

fi 

685-4 



59*41 


(> 



592*4 



58*90 


2 

1 

ft 

696*0 



57*82 


2 

! 

»» 

tf 

603*7 



67*51 


2 

1 

ff 

606*9 


t Ru 3790-66, Cr 3790 61. 
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REPORT — 1901 


V AN ADIUM — contimied. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Plarrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

a" 

3756 18 


3756*15 

2 

2 

1-04 

7*5 

26615-4 

65-85 


55*77 

2 

4n 



617-0 



55-23 


2n 


»i 

622-0 



54*65 


2n 



626-1 

53-44 


53-38 

2 

4n 



634-9 



53-00 


2 



637-8 

61-94t 


51-94 

2 

2 



617-1 

61*02t 



4s 




651-9 



50*43 


8n 

»» 

II 

656-1 



50-10 


12n 



658-4 

48*14 


48-10 

2 

2 



672-5 



47-28 


2 

)> 


678-5 

46*02 


46-00 

4s 

14 



687-5 



43 77 



»> 


703-6 

4l*65t 

3741-630 

41-63 

3 

6n 


718-8 



41-20 


2 

>> 

It 

721-9 

40*381* 

40*374 

40-39 

3 

4 



726-7 

38*93 

38-901 

38-92 

4 

4n 



738-2 

38-16 

33-129 

38*15 

3 

4 



743-7 



37-60 


2 

1-03 


747-6 



36-16 


10 

») 


757-9 

34-59 


34 62 

3 

4n 



760 1 



3375 


4n 



775*2 

32*88t 


32 98 

4s 

14 

»♦ 


781-1 



32-15 


8 



786-6 



31*20 


2n 



793-1 



30 36 


2 

»» 


799-5 



29-99 


2 

»» 

II 

802 2 

29-22 


29-21 

3 

6 

»> 

II 

807-7 



28-51 


10 

>» 

»» 

7-6 

812-9 

27*49t 


27-53 

4 

16b'- 


820-0 



25-83 


2 


99 

832-1 



25-1 


2n 

»» 

91 

837 



24 6 


2n 

>» 

99 

839 



23-75 


2 

»> 

99 

817-1 

23-52 


23-49 

o 

2 

II 

97 

848-8 

22*76 



4 


II 

99 

855-2 

22*27t 

22-334 

22-39 

2 

6n 


99 

857-3 

22*15 

22*136 

22-18 

2 

4n 

l> 

99 

858-5 



21*55 


2n 

II 


862-9 



21*1 


2n 


99 

9 ) 

866 


19*124 \ 
19-061/ 

19-07 


0 

11 

880-9 



18-35 


10 


99 

886-0 

15*62^ 


15-70 

4s 

20 

n 

99 

905-2 

14*12 


14*12 

2 

4 

II 


916-7 



13-72 


2 

II 

99 

919-6 



12*69 


4 

}> 

99 

927-0 



11-90 


4 



932-8 



11*28 


8 



937*3 

08-88 

08*852 

08*86 

3s 

6 

II 


954*9 


06*167 

06*20 


G 

II 


974-3 

06-19t 

05*167 

05*22 

6 

G 

II 

99 

981-5 


t Ni 3716*61. 
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Vanadium — continued. 


Arc Spectrum 

Hasselberg 

Rowland and 
Harrison 

3704*85t 

03-71t 

3704-831 

04-664 

SGOO-OOf 

95-48t 

3G96-995 

95-119 

92-3Gt 
90-4 If 
8S-22t 
87-61t 

02-357 

00-407 

88-207 

8G-40I- 

86-392 

81-83 


83-26 

83-243 

80-26 

80-211 

80-055 

7G-8G1: 

75-85t 

76-807 

75-835 

73-551 

72-53J 

71-37t 

69-r)7-j- 

67-87 

72-519 

71-840 

67-811 

65-30 

G3 73 

65-256 

63-694 

49-13t 

49-057 

45-77 

44-88t 

44 05 

44-038 


Spark 

Intensity and 

Spectrum 

Character 

Exner and 
Haschek 

Arc 1 

1 

Spark 

370'1‘J0 

6 

Gb'- 


2 


03-80 

7 

12b'^ 

01-13 


6 

00-50 


12 

00-35 


6n 

3699-63 


2 

06-02 

6 

8 

95-50 

5 

6n 

04-74 

1 

2n 

02-38 

6 

10 

00-43 

5 

8 

88-21 

5 

8 

87-60 

5 

6n 

8(5-83 


2 

84-40 

4 

6 

85-31 

3 

6 

84-47 


2 

83-25 

6 

() 

81-5 


2b 

80 15 

6 

8n 


*> 


77-47 


2n 

77-17 


2n 

76-80 

Gn 1 

6n 

75-83 1 

5s ' 

() 

75-58 


o 

74-83 


(*) 

73 50 

6n 

6n 

72-51 

4n 

4 11 




71-33 

4 

6 

69-53 

3 

16 

67-84 

5n 

6ri 

65-9 


2n 

65 22 

4 

4n 

63-68 

5 

6n 

61-53 


' 2 

58-38 


^4 

57-92 


o 

57-60 


2 

56-80 


4b 

54-S 


2b 

53-61 


2 

52-51 


2n 

49-10 

4 

4 

47-45 


2n 

46-08 


4 

46-02 


6 

45 7 

3 

2b 

44-83 

,3 

4 

43 90 

3 

4 


Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

X + 

1_ 

A 

1-03 

7-6 

26984-0 



085-4 



992-0 



27011-1 



015-8 



017-0 



022-1 

1-02 

99 

048-7 



052*5 



057-9 



075*3 



090*3 



105-8 



110-3 



116-0 


M 

119-2 



127-2 


7-7 

130*7 



1.33-2 



142-2 


M 

155 



161*7 



165*8 



184*9 



187*1 



189-7 



197-0 



198 9 



204-4 



214-3 



221-6 



226-6 



230-2 


t, 

213-6 



256-2 



271 



275*5 



287*1 



303-3 



326-8 

1-01 


330-2 



332*6 


fy 

338-6 



354 



362-5 



370-7 



396*3 



408*7 



412-3 



419*4 



421 

1 - 

M 

428-2 

1 

i 


434*7 


t Ru 3676-82, 72-53. 
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REPOBT— 1901 


Vanadium — continued , ' 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 










Rowland and 

Exner and 




1 

m Vacuo 

Hasselberg 

Harrison 

Haachek 

Arc 

Spark 

A + 

A 




3643-27 


2 

1-01 

77 

27410-1 



42-83 


2 



443-5 

3641-28 


41-25 

3 

2b 



455-3 

40-25 


40-20 


2n 



462 6 

39-21t 

3639-160 

39-11 


4 


7-8 

471-0 

38-67 



2 




475-5 

37-95t 


37-8i> 

2 

4 


ff 

480-4 

36-09 


36*03 

4 

2ii 



494-5 



35-57 


2 



498-2 



34-06 


2 



50i>-6 



33-02 


2 



517-5 



29-45 


2n 



511-6 



27-83 


8 



556-9 



25-71 


8 



573-0 



24-98 


2 



678-6 

22-82t 


22-82 

2 

2n 


Jf 

595-0 ! 



22-13 


2 

ft 


598-1 1 



21-35 


8 



606 2 



20-62 


() 



611 8 

19-10 


19 09 

2s 

12 

ff 


623-4 



18-6 


2 

t* 


627 

16-91 


16-83 

2 

4 

1 00 


610-4 



15-4 


2b 

ff 


652 



12-4 


21> 

„ 


(!7r> ! 



11-71 


■1 



679-9 j 

09'46t 


09 40 

3s 

2 



697-4 ! 



08 07 


*> 


ff 

707-8 , 

05-76 


05-73 

•> 

4 

i tt 

ff 

725-8 ; 



0546 


2 

i 


727-9 1 



050 


2n 


j> 

731 



04-25 


2n 

! ’’ 1 

1 

1 ’* 

737-2 1 



03-10 


2 

1 1 

1 

746-0 

00-20 

00-166 

00-16 

2 

i 2 



768-6 



1 3507-1 


2n" 

1 If ^ 

7*9 

792 



95-77 

I 

2 



802-6 

3593-48t 

3593-619 

93-53 

1 4 i 

16 

ft 

ft 

820-0 

92-71 


92-70 

2 

2 


ff 

826-2 

92-15t 

92-169 ! 

92*19 

1 4 

18 

f> 


830-5 

89-91t 

89-889 

89-90 

1 4 

18 


ff 

848 0 



88 25 

1 

6 


1 •’ 

860-8 



84-56 

1 

2 

If 

” 

889-5 

83 -841 

83*840 

83-85 

! 2 

2 

1 ff 

99 

895-1 

83-00 

82-953 

1 82-97 

‘ 2 

, 2 

1 

1 tf 


901-9 

81-00 


j 80-94 

! - 

, 2 

ff 

99 

917-7 



1 79-49 


' 2 

1 

! ’• 

929-0 



78-78 


4 

' jf 


934-6 

78-01+ 

78-007 

78-00 

2 

1 


i » 

940-(i 

1 


77-80 

, 

! 2n 

1 o-!io 

I 99 

942-2 



77 35 

' 

1 4 


1 

! j) 

945-7 

7r>-26t 


75 25 

, 2 

1 2 

1 ,, 

! 

959-1 

74-92+ 

74-915 

74-91 

2 

2 



961-7 



74-51 


8 

f f 


968 0 

73-69 

73-652 


2 


tt 

>> 

974-3 



73-21 


8 

ff 

it 

977-8 


i 

72-82 


I 2n 


» 

981-2 
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Y kvxmv'Mi-^continued, 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

HaBselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

1 

!-• \< 



3572-50 

0 

2 

0-99 

7-9 

27983-8 

3571-82t 


71-81 

3 

4 



989-1 



71*38 


2 



992-4 

7M8 


71*18 

3 

2 


fi 

994-0 



69*46 


2 



26007-5 

6911t 


69-09 

3 

2 

f> 


010-3 



68-45 


2 


” 

015-4 

66-33t 


66-32 

3 

12 



032-1 



63-90 


2b 



061-2 

G3-50 


63-53 

2 

2n 



053-9 

62-31 


62-31 

2 

2 



063-7 



61-54 


o 

1. 

069*8 

60*75t 


60-78 

2 

8 ' » 

11 

075 9 



59-43 


o ' 

»» 

M 

086-4 

56-97 i 

5(;*93 

5s 

20 


106-1 

1 66-42 , 

56-40 

3 

'4n 


110-3 


55-90 


2 

>» 1 »» 

114-4 

55-32 1 

55-30 

o 

2 

>» >y 

119-0 

, 53-43 

3553-412 

53-44 

6 

4 

»» 

134-0 


r)io(i;t 

51-69 

«> 

2 

» ’ 8-0 

117-7 


49-10 


2n 

,, 

168-1 


48-82 


2ii 


170 4 


47-22 


2 


183-0 

! 

46 96 


2 


1 185-1 

■i.'-r)2 

45-419 





197 0 

: 45-3 Jt 

45-330 

45*36 

4 

20r 


198-0 

t 43-68 

43 631 

43-63 

•> 

4 

»♦ j 

211-5 


' 42*63 


2n 


219*6 


41-50 


10 


228-6 

1 

1 40 66 


2 


235-3 

' 

! 38-88 


8 

1 »» n 

1 249-5 


i 35-54 


2 

0-98 


276-2 

1 

1 

i 34-83 

i 

2 

>> { 

281-9 

33-85t 

33-820 

j 33-86 

6 

: 8 


1 296-2 


1 :’.2 45 


< 6 


1 300-9 

1 

31-63 


! 4 


307-5 

30-91t 


30-96 

4 

1 20 

1 .. 

313-3 



30-6 


I 2n 

»> 1 11 

316 

29-90t 

29-876 

29-89 

4 

1 6 


321-5 



28-4 


j 2b 

„ 1 .! 

: 333 

1 

28 00 


' 6 


' 336-7 


1 27-4 


2b 


341 

1 

1 25-96 


2 

1 

353- 1 

! 24-89 

24-89 

3 

16 


361-7 

! 24-38t 


4 


' 11 

365 8 


23 8 


, 2b 

; „ „ 

370 


23 35 


2ii 


374 0 


22 75 


2 

'* i» 

378-9 

1 

22 02 


. 12 


:i84-7 


20-72 


Ob' 


395*3 

i 20'18f 

20 It) 

, -1 

14 

' n n 

< 3t‘0*5 

1 


lt)-33 

* 

2 



lOG-4 

17-41t 

17-436 

17-46 

! 4 

1 20r 

11 


f 421-7 



16-16 

! 

! 2 

1’ 

11 

432-0 

1 

14*60 


1 » 

I *f 

444 7 
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Vanadium — contimod. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 


A 



3514-02 


6 

0-98 

8-0 

28149-4 



12-33 


2 



463-0 



11-57 


2 


M 

469-2 



11-02 


2 

»» 

M 

473-7 



09- J 8 


6 


8-1 

496-7 



07-69 


6 



600-6 



07-00 


2 



506-3 



06-70 


4 

M 

>» 

508-7 

3505-83t 


05-84 

2 

4 

n 


515-8 

04-57+ 


04-58 

3 

16 


»» 

526-0 



03-35 


2 



535-9 

01-65 

3501-614 

01-65 

2 

2 



550 9 



01-03 


2 



554-8 



00 50 


2 



559 2 



00-00 


4 



563-3 

3498*23 


3498-34 

2 

2 

0 97 


577-2 

97-13 

3497-081 

97-23 

2 

14 



586-5 

93*34 


93-27 

2 

12 



618-1 



90-11 


4 

»> 


6U-3 

89 64 

89-648 

89-59 

2n 

2 



648*1 



87-13 


2 



670 8 

86-05t 


86-09 

2 

12 



677-5 



84-82 


2 


„ i 687-8 



84-48 


2 


M 

690-5 



80-01 


8 



727-4 



79-10 


2 

>» 


735-0 



77-67 


6 

n 


746*0 



77-5 


4b 



748 



76-38 


4 


1 • 

757-4 



70-44 


4 

" ! 

82 

806-6 



69-69 


6 


n 

812-8 



66-75 


4 

» ' 

M 

837-3 



65-39 


2 


»1 

818-6 



64-34 


2 



857-3 



64-00 


2 

>> 


860 2 



63-50 


i 2 



864-3 



63-22 


! 2 

)> 1 >1 

866-6 



61-71 


i 2 

5? ! »J 

879-2 



67-30 


1 

0-96 1 „ 

916-1 


57 048 


2n 

i 

>» 

11 

918-1 



65-02 


i 2 



935-1 



63-23 


1 ^ 

J? 


950-2 



61-20 


2 



967-2 



47-7 


2b 



997 

* 1 


45-95 


2 



29011-4 



44*46 


2n 

)♦ 


023-9 



42-48 


2 



040-6 



42-17 


2 



043-2 


1 

37-90 


2b 

51 


059-3 


1 

36-52 i 


2n ; „ 


091-0 


1 

35-62 


2n ; „ 


099*4 


i 

34-16 


2n 



111-0 



33-96 


2n 



112-7 



32-1 


2b 1 „ 

83 

12‘8 



30-30 


2n 

! 143-7 i 
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Vanadium —continned. 


Arc Spectrum 

Spark 

Spectrum 

Exner and 
Haschck 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Bowland and 
Harrison 

Arc 

Spark 

X + 

1 

a”* 



3425-35 


2n 

0-96 

8-3 

29184-8 


8425-204 

25-22 

2n 

4 



186-9 

. 

24-00 


2 



197-3 



22-40 


2 



210-9 



20 86 


o 


223-8 



20-35 


2n 


228-4 


18-676 


2n 



242-7 



17-22 


2 

0-95 


255-2 



15-00 


2n 



274-3 


14-370 

11-35 

2n 

4 



279-8 



00-10 


4 b'' 


99 

324-9 



08-15 


2 


99 

333-2 


06-089 

07-00 

2n 

2 

99 


343-0 



0(>-36 

i 2 



348-5 



06-19 

! 2 



3600 


06-012 


2n 




351-5 



05-31 

1 2 


ft 

357-6 



05-12 

1 2 



359-2 



01-60 

1 8 



363-7 


03-50 

1 2 


t> 

373-2 

1 

03-32 


2 



374-7 

1 

{»2 73 


2 


99 

379-9 ’ 


02-15 


2n 


ft 

384-9 

i 

01-50 


2 



390-5 

1 

! 00-54 


4 



398-8 

1 

i 3398 10 


2 



417-3 

1 

1 

97 97 


2 



421-0 

! 

97-69 


2 

|« 


424-2 

i 

96 68 


2 



432-2 

1 

95-7 


2n 


8-4 

441 

1 

94-73 


2 



449-0 

' 

92 81 


6 



465-7 



90-90 


2 



482-3 



89-0 


2b 



499 



87-95 


2 



508-0 



87 62 


2 



511-7 



85-9 


2b 



525-8 



84-73 


2 

99 

99 

636 



83-87 


4 

99 


643-6 



82-67 


4 

ft 

99 

564-0 



80-42 


2 

99 

99 

673-7 



79-5 

' 2n 


682 



77 74 

1 4 

0 94 

„ 

597-2 


77-49 

' •> 

1 

599*4 


76-16 

: 2 


611-0 


74-13 

2 I 


628-8 


72-91 

1 6 ! 


639-6 


71-60 

1 - i 


651-4 


71-25 

! 2 , 


654-2 


70-»i0 

1 2 ; 


659-9 


67-80 

1 2 i 

»» , i» 1 

684-6 



66-98 

i 2 1 

99 

tt 

691-8 


3366-670 

65-68 

6 

2 1 

,, 

ti 1 

703-3 



63-70 

'a 1 „ ' 

n 

1 

” i 

720-8 

7 


E 


1901. 
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Vanadium— oontimied. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hassolberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 


A 



3361-37 


6 

0 91 

8-5 

29741-4 


3356-471 

56-51 

4 

2 



784-5 



55-51 


2 



793-2 



54-85 


o 



799-1 



53-92 


(; 



807-4 



49-56 


6 



846 2 



49-19 


4 



849-5 



48-57 


o 



855-0 



46-08 


c 



877-2 



42-04 


4 



913-3 



41-4 


2ii 



919 



40 53 


2 



926-9 



38-00 


12 

0 93 


919-6 



35-65 


2 



970-7 



35-37 


2 



973-1 



33 88 


*> 



986-6 


83-6n3 


2 




988 3 



32-30 


2 



30000-8 


29-983 

30-02 

6 

4 



021-5 



29-63 


2 



024 9 



29-10 


2n 



029-6 



28-60 


2n 



034-2 



28-13 


2 


86 

038-4 


24-514 

24-57 

2 

2 



070-9 



23-88 


2 



076-7 



23-12 


2 



083 6 


22 084 

j 

2 




093 0 



21-72 


10 

,, i „ 

096-3 



20 95 


i - 1 


103-3 



20-33 

1 

! 2 


110-9 



19-05 

! 

1 

„ 1 120-5 



18-04 


1 


„ j 129-7 



17-02 


4 


„ i 138 9 



15-65 


2 


„ ' 151-4 



15-35 


6» 



154-1 


14-980 

1500 

2 

(i 



157-4 


14-143 


2 




165-1 


13-141 


2 




174 3 


09-305 

09-32 

4 

2 



209-2 



08-62 


4 


<> 

215-5 



04-62 


6 

„ 

,, 

252-1 



01-82 


2 


„ 

277-8 



01-05 




284-8 


8299-223 


4 


„ ! 301 -5 



3298-89 


1 8 1 „ 

„ i 304-6 


98-276 

98-26 


2 j „ 

„ ! 310-3 



97-(;6 



„ 315 9 



96 19 



„ 329 5 

1 


93 30 


<; 

0 92 

356 1 

' 

1 91-805 

91 SO 

6 


369 9 

i i 

' 

91-18 



„ 375 6 

; : 90 362 

90 10 

4 

6 

„ 383 0 

1 j 89 515 

89 52 

4 

8b' 

3;)io 


89 11 


4 „ : „ 

391 7 

■ 88 437 

1 88-47 

1 2 

<■3 

8-7 

400 7 



ON WAVE-LENGTH TABLES OF THE SPECTRA OF THE ELEMENTS. 131 


YxyiKmuiA^coTvtinved. 



Spark 

Intensity and 

Reduction to 


Arc Spectrum 

Spectrum 

Character 

Vacuum 

Oscillation 




Frequency 






Hasselberg 

Rowland and 
Harrison 

Exiier and 
Ha&cliek 

Arc 1 Spark 

A. + 

1__ 

A 

in Vacuo 



3287-78 

2 

0-92 

8-7 

304070 



87-3 

' 2b 



411 



85-80 

2 


>1 

425 


3285-133 

85-29 

2 fi 

M 

It 

430-7 


84 489 

81-50 

2 1 2 

♦ » 


437 3 



83-40 

2 



410-9 


82-C59 

82-09 

2 10 

tt 


451-2 



81-92 

4 



461-3 


81-238 

81-20 

2 6 

M 

n 

407-4 


79-970 

80-02 

2 10 

»» 

»> 

479-1 


78053 


2ii 



497-1 


77-881 

77*88 

2n 0 

»» ' »> 

497-8 



77*55 

0 

i> ! >» 

501-9 



77*21 

4 

«» >» 

505-0 


70-252 

70*25 

10 20r 

»> >» 

513 9 



71 05 

1 

1 

528 9 



74-35 

2 

1 „ 

531(i 


73-137 

73 17 

2 2 

»> ' »♦ 

512 8 


71*759 


4 

>> ! »> 

535 9 


71-243 

71-27 

10 20r 

♦ » ' M 

50< > (J 



70 25 

1 M 

»t 

5i;9 9 



09-07 



581-9 


07-823 

07*8 4 

Jfi 2(ir , „ 

tt 

592-0 ' 


00 027 

00*00 

2 JO ; 

„ 

009-3 1 



04*5 

2b „ 


024 1 



03*45 1 

„ 

t» 

033-7 1 


02-422 

02 45 1 

2 2 j „ 


013-2 j 



01-90 ! 

2 i „ 


; 018-3 1 



01-73 

2 > 


019-9 ! 


61-108 

01*20 

2 2 ! 


054-9 ’ 



59 80 

♦> 

0-91 

>» 

008-0 


59-068 

59-o;i 

o o 

t> 

009-5 ' 



58-02 



GSl-8 1 


50-802 


2 


095-4 


55 709 

i 55-72 

2 2 


700-2 


51-830 

! 54-90 

t 10 , „ 


711 -5 1 



, 53-00 



732-1 : 


51-880 

52-01 

2 10 ' „ 


732 0 


50 894 

1 50 90 

2 10 

8 8 

751-9 1 


49090 

i 49-71 

2 8 ; „ 

tt 

7(;3 3 ' 



1 48-7 4 

*> 

>» 

772 3 1 



48-00 

1 

1 »> 

,, 

779 4 I 



4 7-09 

' ( 


782 3 



47 5 

2n : „ 


78 1 



42 1 4 

2 ' ,, 


835-0 



41-30 

2 


813-0 



40 9t> ' 

2 ' 


810 8 



40 00 1 

•“ *» 


855*1 



39-17 1 

W 

w M 


80)3 -3 


37-900 

:18 OS 1 

4 12 : „ 

jt 

874-2 i 



30-72 1 

2 ; M 

J 

ssi; 7 j 



i 31 04 ! 

1 ' „ 

M 

9(0 i-5 


33-878 1 

33-98 
33-07 ! 

[ - 1 0 1 1 

ly 1 

91-2 9 
915-8 


33-300 i 

33-30 1 

4 .21,,' 


918 9 ; 


K L> 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
m Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Haachek 

Arc 

Spark 

X + 

1_ 

A 


3232 064 

3232-10 

2 

6 

0-91 

8-8 

30931-0 



31-09 


2 


11 

910-5 


30-765 

30-80 

2 

2 


If 

943-5 


29-724 

29-75 

2 

2 

11 

11 

953-5 



29-30 


2n 

11 

11 

957-7 



28-7 


2b 


11 

963 



28-3 


2b 


11 

965 


27-520 

27 54 

2 

2 

11 

11 

974-7 



27-05 


6b^ 

11 

11 

979-3 


26223 

26 22 

2 

2 

>1 

11 

987'2 



24-20 


2 

>> 

„ 

31006-6 



22 97 


2 

11 

11 

018-4 



21-52 


2 



032-4 


18-985 

18 98 

2 

2 

0-90 

11 

056-9 


17-240 

17-23 

2 

12 

11 

11 

073-8 


15-487 


2 


11 

11 

090-7 



14 86 


8 

11 

f» 

096-8 



14 10 


2 

1) 

11 

104-1 


12 550 

12 55 

2 

4 

,, 

,, 

119-1 



11-70 


2 


11 

127-3 


10-546 


2 


11 


138-5 


10-253 

1021 

2 

2 



141-6 


OH-464 

08-46 

2 


,, 



158-8 


07-521 

07-52 

8 

2 

1) 


167 9 



06 4 


2b 

11 

,, 

179 


05-689 

05-70 

6 

2 

♦ » 

89 

185-6 


05-378 

05-45 

2 

2 



188 0 



04-30 


2 


1) 

199-1 



02 80 ! 


2 

»» 

11 

213-8 


02-495 

02-50 j 

12 

2 


11 

216-7 



01-8 


4b 

»» 

i ” 

223-6 


3199 934 

3199 95 1 

2 

2 

11 

1 

241-7 


98-121 

98 09 

2 

2 

VI 

11 

259-6 



97-65 


2 

11 

11 

264-1 



96-66 


4 

11 


273-7 



95-7 


2b 

If 

,, 

283 


94-030 

94-06 

2 

2 

If 

11 

299-4 



93 29 


4 

11 

11 

306 8 



92 78 


4 

11 

11 

311-8 


90-798 

90 80 

10 

16r 

VI 


331-2 



89-87 


2 

If 

11 

340-3 


88-624 

88-60 

2 

lOr 

11 


352-7 



88-18 


4 


11 

356-9 


87-820 

87-78 

8 

lOr 

1) 

11 

361-0 



86-93 


4 


369*3 


85-607 

85 46 

20 

4r 

11 

,, 

383-5 


84-097 

84-04 

20 

4r 


,, 

397-4 


83-526 

83 48 

18 

4r 



403 1 



82-71 


8 



410-9 



79-50 


2 

0-89 

90 

442-5 



77-76 


2 



459 8 



76 2 


2b 

ii 


475 



74-61 


8 



490-9 



74-17 


G 



495-3 

1 ' 

' 72-34 


2 

1) 


513-5 
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Vanadium— 


Arc Spectrum 

Spark 

Spectrum 

Exner and 
Haschck { 

Intensity and 
Character 

Reduction to 
Vacuum 

Iscillation 
Frequency 
in Vacuo 

llasselberg 

Rowland and 
Harrison 

A 

Spark 

\ + 

1^ 

a" 



3171-82 


2 

0-89 

9-0 

31618-6 



70-35 


2 

i» 

II 

533-3 



68-62 


2 

If 

II 

550*5 


3168-244 

68-21 

2 

6 

i« 

II 

554-4 



67-55 j 


10 


II 

561*1 



66-48 I 


2 

»» 

If 

C71-8 



65-96 


4 

»» 

” 1 

677 0 


64-945 

64-91 

2 

4 

1) 


687-6 



63-85 


2 

»» 

II 

698-1 



63-13 


6 


II 

605*2 



6201 


6 

If 

If 

608-5 



<:2-ic 


2 

If 

I* 

612-0 



61-42 


6 

If 

II 

622-4 



60-87 


4 

If 

II 

628-9 



59 45 


4 

11 

II 

6421 



68 01 


4 

II 

II 

666-5 



56 35 


2 

II 

If 

6731 



55-61 


6 

II 

II 

681-7 



64-9 


2n 

II 

II 

688 



51-42 


8 

II 

II 

722 7 



•18-H() 


4 

If 

II 

748-6 



46-95 


4 

II 

9-1 

767-7 



46-40 


6 

II 

If 

773-2 


46 086 

46-10 

2 

4 

II 

II 

776-4 



45-48 


4 

II 

II 

782-6 



44-85 


4 

II 

II 

787-9 



43-61 


4 

II 

II 

801-5 


42-596 

42-67 


8b» 

II 

If 

810 0 



42-33 

1 

4 

II 

II 

813-4 



41-03 


4 

0-88 

II 

821-5 



41-23 


2 

II 

II 

825-6 


39-862 

39-88 

2 

10 

11 

II 

839-3 



38-17 


4 

II 

II 

856-6 


37-904 


2 


II 

II 

865*4 



36-61 


12 

11 

II 

872-1 


35-060 

35-08 

2 

12 

If 

II 

888-1 


33 455 

33’48 

10 

10 

II 

II 

904 4 



32 90 


2 

II 

II 

910-2 



32 72 


2 

If 

II 

912-0 


30-408 

30-40 

10 

12 

II 

II 

935-7 



28-81 


4 

II 

II 

951*9 



28-40 

i 

4 

II 

II 

956-1 


26-338 

26 31 

10 

8 

II 

II 

977-3 



26-52 


8 

If 

II 

985*6 


25-402 


10 


II 

II 

986-8 



25-20 


8n 

II 

It 

988-8 



23-49 


2 

1* 

If 

32006-3 


23-020 

23 01 

2 

10 

II 

II 

011-2 


21*261 

21 27 

2 

8 

•1 

II 

029-2 


20 849 


2 


II 

II 

033-4 



20 36 


8 

II 

II 

038 5 



19 44 


2 

11 

II 

047-9 


18-406 

18-61 

16 

12r 

II 

11 

058*0 



16-90 


6 

II 

It 

074 1 



16-18 


2 

11 

•I 

081*6 
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BEPOBT — 1901 


Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Heduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hiisselberg 

Howland and 
Harrison 

Exnor and 
Haschek 

Arc 

Spark 

A + 

K 


3113038 

3113-19 

2 

8 

0-88 

9*2 

32113-0 


10-826 

10 82 

2 

12r 



136-7 



09-61 


4 


II 

150-2 


09 381 


2 



It 

161-5 


09-283 


2 




162-5 



08 81 


4 



157-4 



07-85 


2n 



167-4 



06-9 


2n 


II 

177 



06-08 


2n 



1S6-7 



05-67 


2n 



189-9 



05 03 


4 

ff 

II 

196 5 


02-416 

02-39 

20 

12r 


II 

221-9 


01-038 

0101' 

2 

10 

0 87 


237-6 


3094-793 


2n 



II 

313 6 



3091-33 


12 

f* 


307 9 



93-23 


16r 



319-2 



89-78 


2 



355*6 



88-1 


2b» 


II 

373 



8(i-61 


4 



388-8 



86-33 


2 



391-8 



83 31 


6 



423-5 



82-05 


6 

it 

II 

430-4 



82 20 


2 



435 1 


, 

81-39 


2 



4 13-7 



81-13 


4 



44(i-4 



80 4 


2n 



454-0 



79 0 


2n 

it 

II 

409 



78-76 


2ri 

it 

II 

471-5 



76-12 


2 

n 

9 3 j 

499-2 



76-7 


2b ■ 

it 

II 

604 



75-3 


2b 

it 

ft 

508 



71-77 i 


2 

it 

II 

518 6 



72-96 


o 

it 

II 

5:t2-6 



70 31 


2 

it 

II 

5()0 0 



69 82 


»> 

it 

II 

556 9 



67-20 


10 

it 

rt 

598 7 



66-6 


2h 

II 

II 

501 



65-71 


4 

11 

II 

509-6 



63-80 j 


10 

II 

II 

529-9 



62-80 


4 

0-86 

II 

540-5 



62-31 1 


2 


II 

645-8 



60-60 1 


2n 

i» 

II 

551-0 



59-3 


2b 

II 

II 

578 



57-65 


2 

}> 

II 

595-6 



56*46 


2 

** 

II 

708-3 



56-03 


2 

II 

II 

712-9 



54-00 


8 


9-4 

734-6 



53-48 


10 

”, 

|9 

7-10-1 



52-3 


2b 

II 

|9 

753 



61-44 


2n 

f$ 

752-0 



60-86 


6 



768-4 



49 00 


6 



7882 



48-76 


10-^ 

it 


790-8 



45-10 


2 

It 

ff 

830-6 



43*62 


4 

II 

19 1 

846-2 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Ilaschek 

Arc 

Spark 


1- 

\ 


1 

301:1-27 


2 

0-86 

9-4 

32850-0 



42 


8 

n 


850-9 



41-52 


6 


ji 

868-9 





2n 

»i 

i» 

886 



38-(>:i 


4 

i» 

11 

900-1 



35-28 


2 

M 1 

11 

936-5 



:ii-65 


2 

” 1 


944*4 





8«- 

i 

11 

950*5 



33-55 


«>• 

M 1 

11 ' 

955-3 



32*30 

‘2 

5» ' 

- i 

9G8-9 



31-15 ! 

2n 

„ 1 


981-5 



20-65 t 



11 

997-7 



28-15 ! 

6 ! 

,, 

11 

33014-1 



27-70 


4 

1) 

II 

010-0 



25-08 


6 


11 

037-6 



23.00 


6 


0-5 

059-4 



22-70 


6 

0-85 

11 

073-5 



22-20 


2 

»» 


078-0 



20- 1 


2b 

•> 

11 

090 



10-1 


2b 


,, 

113 



16-81 


6 


11 

136-2 



16-20 


4 

„ 

„ 

144-8 



IGOS 


4 

»» 

„ 

146-8 



U-87 


8 



159*4 



13-12 


6 

1» 

)i 

178-7 



12-00 ; 

() 


11 

189-9 



00-60 ! 

2 


1* 

217*5 


08-61 1 

8 


11 

228-4 


07-;i7 } 

! 4 

»» 

11 I 

242-1 


0(>-57 1 

i 

n 

11 

250-9 

; 

05-S7 ! 

1 4 

,, 

11 

258-7 


03-60 ! 

8 

jj 

11 

285-0 


02-72 


o 


,, 

293-6 


1 

01-82 

1 

4" 


11 

303-6 



01-28 

i 

lOr 

»? 

11 

309-7 



2000-57 

1 

1 

<> 


11 

3286 



00 ;io 


2 

11 

11 

331-6 



08-00 


»> 

11 


346-1 



0()-7 


2b 

11 

0-6 

360 



06-05 


8 

11 

11 

367-7 



04-50 

1 

8 

11 

„ 

384-0 



80-72 ' 

2ii 

11 

11 

438-3 



80-67 



11 

11 

438-9 



80-35 


I 4 

11 

}« 

412-5 



1 88 07 I 

i 8 

11 

11 

466-6 



85-25 1 

1 <i 


11 

487-3 



83-62 

i 8 

,, 

„ 

606-7 



83-10 

1 2 

11 

11 

512-6 



82-82 ! 

i 

0-S4 

11 

615-7 



82-00 I 

1 

11 

11 

624-9 



81-27 1 

8 

11 

11 

533-1 

; 

70-6 

1 2b 

11 

11 

562 

i 

70-16 


} 

„ 

566-9 

1 

78-25 

1 4 

i 1, 

11 

667-1 

1 

77-60 

1 2 

1 »» 

1 11 

574-6 
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HBPORT — 1901 


\ AiSiXDUJT&^oontinued, 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Beduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Bowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

X + 

1- 

a” 



2976-56 


lOr 

0-84 

96 

33686-4 



76*20 


8 


ff 

690-3 



76*70 


8 

>» 

♦1 

695*9 



74*06 


6 

>1 

»» 

614*4 



72 31 


10 

ft 

ft 

634*2 



71-65 


2 

»♦ 

If 

641*7 



70-53 


2 


9-7 

664*3 



69-93 


2 

*> 

If 

661-1 



68-40 


12r 


If 

678*4 



68-15 


4n 

f* 

If 

681*2 



67-66 


2 


If 

687*0 



61*1 


2b 

,, 

ff 

728 



63-34 


2 

>1 

If 

735*9 



62*87 


2 

»» 

f» 

741*3 



62-10 


2 


ff 

750 0 



60*87 


2 

ft 

ff 

7641 



68*68 


6 

»» 


789*1 



67-74 


10 

ff 


799*9 



66-70 


2 

ff 

ff 

811-8 



65 65 


6 

If 

tf 

823-8 



64*45 


2 

ff 

ft 

837*5 



64-02 


2 

ff 


8430 



63-85 


2 



843 4 



52-12 


lOr 

ff 


864 2 



61-65 


4 

ff 


869*7 



60*40 


8 

ff 

ft 

8840 



49*70 


2 

ff 

ft 

892*1 



49 24 


8 

If , 

ft 

897*4 



48-15 


8 

ff 

ff 

909 9 



46-60 


1 2 

ft 

ff 

927 7 



45*9 


2b 

ft 

ft 

936 



44-68 


lOr 

tf 

9-8 

949-7 



43-70 


2 

ff 

If 

9610 



43-25 1 


2 


if 

966 2 



42-48 


4 

0-83 

ft 

975 1 



41*61 


lOr 

ft 


988*3 



38-35 


4 

If 


34022 3 



37*82 


*> 

If 

Tf 

029*0 



37-13 


4 

If 


037*0 



35-99 


2 

If 

f f 

050*3 



34-48 


8 

ft 

If 

067*7 



33*95 


4 

If 

ff 

073*9 



32*42 


8 

If 

ft 

091*7 



32*00 


4 

It 

If 

096*6 



31-73 


4 

If 

ft 

099*8 



30*96 


8r 

ff 

ft 

108*7 



30-25 


() 

If 

tt 

117*0 



29*12 


2 



1301 



26-60 


10 

\\ 


160*7 



25-40 


G 

f f 


173 5 



24-79 


lOr 

ft 


180*7 



24*14 


lOr 



188*2 



23-47 


6 

If 


196*1 



22*75 


2n 

ff 


204*6 



20-60 


10 

ft 

ff 

230-9 
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Vanadium— oontinued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hassclberg 

Rowland and 
Harrison 

Exner and 
Ilaschek 

Arc 

Spark 

\ + 

1_ 

A 



2920*11 

1 

8 

0-83 j 

9*8 

34235*4 



18 32 1 


6 



256*4 



17*41 

! 

8 I 



267*1 



16*00 1 

j ! 



283 6 



15*46 1 

6 1 



290*0 



14*97 ! 

1 4 1 


” i 

295*8 



14*40 

! 6 ! 

n 1 

*1 1 

302*6 



13 85 

1 

2 



309*0 



13*17 


2n 


" 

316*9 



12*7 


2b 

.) 1 


322*5 



11*78 


4 



333 3 



11*17 


8r 


1* 

340*6 



10*50 


8r 

M 1 


348 6 



10*15 


8r 



352*6 


1 08<J« 


8r 



866-6 


! 

08*56 


6 



371*3 



07*60 


8 

it 


382*7 



06 60 


8r 



394*6 


Oo'To 


6 



404*6 


0513 ' 

6 

a 


411*9 


I 04 23 

2 

a 


422*6 


03 70 

2" 

0*82 


428*9 


03 '20 ' 

8r 

.. 


431*8 


00-06 1 

2 



472*1 

1 

' 28U9-5 ' 

2b 



479 

! 

0802 

4 




496*4 


! 96 \)S 


o 

^ 

10 0 

508*8 

1 1 

96*31 


8 

a 


516*7 


1 95*74 


»> 

,, 

II 

523 5 


! 94*96 


«> 

)> 

II 

' 532*8 


1 ;ii-78 


2 

a 

II 

, 534*9 



93*47 


lOr 


II 

, 550*5 



92 82 


lOr 

»» 

' II 

: 558*3 



92 51 1 

6 


1 

1 II 

: 562 0 

; 


91*78 

lOr 

It 

1 1. 

j 570*8 

I 


90 69 ' 

4 

' a 

! ** 

i 683*8 

1 


90*28 


4 

\ 

1 ” 

i II 

588*7 



89*71 


lOr 

1 

! ** 

1 11 

, 595 6 



88*36 


10 


If 

, 611*6 



87*30 


4 

I 

If 

: 624*4 



87 08 


4 

i 


627*1 



84*91 


I2r 

1 

II 

j 653*1 



81*20 


4 

1 »» 

If 

661*7 



82*60 


10 

■ 


1 680*9 



80*92 


6 

1 

1 tt 


i 701*1 



80*14 


10 


II 

; 710*6 



79 26 


6 

1 

It 

' 1* 

1 721*1 



78* U) 


2 

It 

1 11 

731*5 



78*13 , 

2 

It 

' If 

i 734*8 



77*80 ' 

8 

It 


738*8 



77*05 ! 

4 

i« 

II 

747-8 



75*78 

1 

6 

1 

,, 

763*2 



! 74*34 


o 

1 

If 

780*6 



73*30 


6 

It 

II 

793 2 


1 

71*61 

1 . a 

II 

,1 

813*6 



188 


BEPOBT — 1901 


Vana dium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Exnor and 
Hascliek 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Eowland and 
Harrison 

Arc 

Spark 

\ + 

i_ 

A 



2870-66 


2 

0-82 

10-1 

34825-1 



70 27 


4 


829-3 



70-08 


4 


832-1 



69-22 


12 


842 6 



68-24 


2 


851-4 



66-75 


2n 


872-6 



66-57 


2n 


874-8 



64-60 


8 

0-81 „ 

898-7 



64-0 


2b 

yy 1* 

906 



68-1 

, 2b 


917 


1 62-41 

4 


923-5 



61-5I> 

1 


935 2 



60-11 

. 2 


953-0 



58 1 

i 2n 



968 



55-89 

1 « 


9P 

35011-3 



54-41 


12 



023-4 



53-85 


2 


ft 

040-3 



53-01 


2n 



040 5 



52 (;3 


6 

»» ' »» 

015 2 



51-36 


4 

.. 1 

060 8 



50-3»3 


10 


073-5 



49-19 


8 


087-5 



47-65 

1 10 


102 

106-4 



•IG 70 


2 


118-1 



46-10 


2 


121-8 



45-37 


8 


1316 



44-95 




1 139 8 



44-4 


2n 


; 147 



43-97 


4 II 


! 151-9 



43-35 


2 


1 159-5 



42-83 


»> 


166-0 



42'60 


2n 


170 1 



42-2 


2n 


171 



41-20 


8 


186-1 



40-72 


4 

»> >» 

192 1 



40 24 


4 

»» 1 »» 

198 0 



39-52 


2 

»> 


207-0 



38-61 


2 



217-9 



38-16 


4 



223-8 



36-62 


8 


” 

213-0 



35-7 


2n 



254 



35-55 


4n 



256 3 



31-75 


6n 


” 

266-2 



32-55 


2 



293-6 



31-8 


4b^ 



303 



31-15 


2n 

„ 

„ 

311-1 



30-9 


2b 



314 



30-52 


6 



319-0 



28-75 


2 



311-1 



27-1 


2n 



362 



26-02 


8n 



376-2 



25-20 


2ri 



385-6 



24-69 


2 

oio 


393-1 



22-6 


8b^ 


10-3 

419 



21-26 


6 

»» 

ft 

434-8 
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V ANADIUM — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasaelberg 

Rowland and 
Harrison 

Exner and 
liaschek 

Arc 

Spark 

A + 

1 

\ 



2819-56 


6 

0-80 

10-3 

35466-2 



18-70 


2ii 



467-0 



17-61 


8 

.. 


481-7 



16-30 


2ii 


497-2 



16-70 


2 

*1 ! 

604-8 



16-10 


2 



512-3 



16-03 


4 

n 


513-1 



11-40 


2 



521*3 



13-41 


2 

>» 


533-8 



12-9 


2n 



540 



12-32 


2 


547-5 



1212 


2 

1 

550-1 



11*74 


2 



654-9 



10 39 


12 



671-9 



09-66 


6 



681-2 



08-85 


2 

i> 


691-5 



08-39 


6 

9) 


697-3 



08-2 


2n 

19 


600 



07-05 


2n 



614-4 



00-95 


o 



616-6 



()(>-6r 


2 



619-1 



o(;-2 


2b 

>» 


()26 



05-69 


6 

99 


63 1-6 



01*58 


2 

99 


645-6 



03-60 


10 

99 


658-4 



1 02-93 


8 

99 


606-6 



1 01-15 


6n 



689-3 



1 00-23 


»> 



701-0 

i 


2799-59 


10 



709-0 



98-88 


8 


10-i 

718-2 



98-10 


2 



724-3 



97-93 


8 

99 


730-4 



97-60 


2 11 



731-5 



97-12 


8 



740-6 



95-61 


4 



760-0 


1 

1 

96-02 


4b 



767*5 



94-50 


2n 



774-2 



94-02 


2 



780-3 



92-6 


2b» 



798-6 



91-7 j 


4 b- 



810 



90-2 


2b 



829 



88-8 


2b 

99 


847 



88-11 


6n 



866-2 



87-2 


4b 

99 

99 

888 



87-18 


4 

99 

99 

868-1 



86-0 


41) 

99 

99 

883 



84-40 


81) 

9f 


904-0 



84-1 


2b 

99 

:: 

907 



83-12 


2 

0-79 


920-6 



82-70 


2 

»» 


925-9 



81-69 


12n 



939-0 



80-26 


2b 

»> 

If 

957-6 



78-76 


8b- 


ff 

977-0 



i 78-23 


2 

tt 

If 

983-7 



1 77-86 


10 

' »> 

99 

988-6 



140 


HEtOBT— 1901. 


\kTSkT^iVU---contimied. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 


1 

A 



2776-4 


2n 

0-79 

10-4 

36007 



75-69 


8 

„ 

yy 

016-6 



75-11 


4 

y? 

10-6 

026-0 



74-81 


6 

ti 

yy 

028-0 



74-10 


8 

>» 


038-3 



73-82 


2 


yy 

040-9 



722 


10b- 

y* 

yy 

062 



7160 


8n 

„ 

yy 

069-7 



71 12 


2 

yy 

yy 

075 9 



69-84 


6 



092-7 



68-69 


10 

yy 

yy 

107-7 



68-24 


6 

yy 

yy 

113-4 



67-25 


6n 

yy 

„ 

126-4 



66-59 


10 

yy 

yy 

135-1 



65-81 


14b- 



145-2 



64-45 


2n 

yy 

yy 

166-0 



63-8 


2n 

yy 

yy 

171-6 



62-7 


4n" 

yy 

yy 

186 



61-53 


2q 

*y 

yy 

201 3 



60 62 


lOr 

yy 

y> 

213-3 



60-26 


8 

yy 

yy 

2180 



59 25 


6n 

yy 

It 

231-3 



58-95 


4 

yy 

yy 

235-2 



C8()7 


4n 



238-9 



56-7 


4n 

yy 

yy 

265 



56-5 


4n 

yy 


267 



55-20 


4u 

„ 

yy 

284-5 



53-54 


16b- 

yy 

yy 

306-4 



52-27 


4n 

yy 

f» 

323-1 



51-93 


4ri 

yy 


336 0 



50-2 


4 b 

.. 1 

10 6 

360 



48-6 


2n 

yy 


371-5 



47-55 


10 j 

yy 

” 

386T> 



46-00 


2 

yy 

yy 

406 0 



41-63 


2 

yy 

yy 

424*2 



43-85 


4 


i ** 

434-5 



42-80 


6 

yy 

yy 

448-5 



42-53 



,, 

yy 

452-1 



41 69 


2 

1 0 78 

yy 

> 463-2 



4M 


4b 

yy 

yy 

471 



39-80 


8 

yy 

yy 

488-4 



39-30 


4n 



495 1 



37-42 


2 



619-7 



36-78 


2 

yy 

yy 

628-7 



36 28 


2n 

yy 

yy 

536-4 



36-65 


2n 

yy 

yy 

615-1 



34-43 


4n 

yy 

It 

660-1 



34-05 


4 

yy 

yy 

666-2 



33-8 


2n 

yy 

yy 

668-5 



33-15 


4n 

yy 

tf 

677-2 



32-35 


4n 

yy 


688-0 



31-60 


2 

yy 

)i 

699-3 



31-30 


2 

yy 

yy 

602-0 



29-81 


10 

yy 

yy 

622-0 



28-06 


2 

yy 

yy 

646-6 1 
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Vanadium — cowtinved. 


Arc Spectrum 

Spark 

Intensity and 

Reduction to 


Spectrum 

Character 

Vacuum 

Oscillation 






Frequency 







Hasselborg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

\ + 

1 

\ 

in Vacuo 



272«-67 

0 

0-78 

10-0 

36664-1 



24-80 

2 

»» 


689-3 



24-52 

2 



693-0 



23-59 

6 

»» 


705-5 



23-31 

6 

5f 

It 

708 9 



22 73 

: 2 

If 

It 

717*1 



22 40 

, 2 

>1 


721-6 



21 9 

2n 

„ 

tt 

728 



2i:to 

1 2 

»» 

It 

736-4 



20-35 

2n 

M 


749-3 



18-55 

! 2n 

»* 

tt 

773-6 



18-1 

1 2ii 

»» 

ft 

780 



17-50 

' 2 

>> 

It 

787-0 



15 80 

16 


It 

810-9 



15-20 


>1 

tt 

819-0 



14-31 


«» 

It 

831-1 



13-20 

1 6 


tt 

886-1 



13 0 

j 4n 


ft 

819 



12-1 

1 8n 

»» 

tt 

857 

! 

1 

11-88 

* 10 


It 

861-1 


10-30 

1 -1 


It 

885-6 

’ 

09-2 

j 2b 

ft 

tt 

900-5 

1 

08 08 

1 2 

it 

tt 

907-7 

i 

08-00 

1 

ft 

It 

916-9 


0C»-87 

30 


tt 

932-3 



00-31 

1 8 


ti 

930-6 



00-21 

i « 

if 

10-7 

910 0 


05 31 

1 0 

f» 

•t 

953-2 

' 

03 20 

1 o 

»* 

tt 

981-6 


02 31 

11 


t» 

994-7 


01 00 

2 

It 

10-8 

37003-5 



01-10 

10 

11 

It 

010*3 



01 01 

6 


tt 

012-3 



2699-82 

2n 

ft 

It 

027*7 



99 27 ' 

o 

ft 

tt 

036-3 



98-83 1 

o 

0-77 

11 

042-3 



97-86 i 

2 

i» 

tt 

055-6 



07-31 1 

4 

It 

„ 

063-2 



97 10 1 

2q 


1 »* 

065-2 



90 05 

4n 


It 

072 3 



94-85 

• On 

>t 

„ 

097-0 



94 6 

2n 

11 

II 

100-6 



93-1 

2n 


,, 

121-3 


90-91 

13 

” 

II 

151-4 


90-41 

10 

i ,, 

11 

168-3 


89-99 

10 

, 

It 1 

164*1 


88-82 

1 10 

i 

” 1 

180-3 

1 

88-12 

, 10 

•* 1 

It 1 

189-9 j 


87-90 

' 8 

,, 

II j 

193-0 



87-7 

Ob 

•t * 

It I 

196 



8<> 00 

o 

M 1 


211-0 1 



85-77 

0 

,, 1 

It 

222-5 1 



85-22 

: 0 

” 1 

„ 

230-1 



84 01 

' 0 

.. ! 

It 

234*4 ' 



83-5 

2b 


>1 

254 ' 
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Vanadium — continued. 


Arc Spectrum 


Spark 

Spectrum 


Hasselberg 


Kowland and 
Harrison 


Exner and 
Haschek 


268:V21 
82‘J)8 
82'60 
80-54 
79-39 
78-66 
77 91 
77-25 
76-3 
74-27 
73-40 
7211 
70-38 
60-08 
68-70 
68-18 
67*(i5 
66-9 
66-10 
65 5 
63-42 
62 45 
61-67 
59 74 
59-10 
58 62 
57-10 
55-82 

51- 50 
53-94 

52- 90 
52-03 
51-70 
51-1 
50-55 
49-50 
48-01 
47<S2 
47-37 
46-3 

45- 90 

46- 38 
44-50 
43-8 
43-23 
42*82 
42 32 
4 L-05 
40-10 
38-65 
38 02 
37-81 
37-:io 
36-13 


Intensity and 
Character 


Arc 


Spark 


10 

10 

2 

4 

11 

12 

12 

2 

4b 
2 nr 
8n 

14 
10 

2 

2 

4n 

2 

4b 

2 

2n" 

15 
2 

10 

8 

8 

4 

6 

16 
2n 
2 

10 

2n 

2n 

2n 

2n 

16 

12 

4 

2n 

2n 

14 

2n 

16 

4b 

4 

4 

11 

16 

2 

4b 

V 

1 - 

2n 

2n 


Reduction to 
Vacuum 


A + 


0-77 


10-8 


10-9 


0 76 


' 11-0 


Oscillation 
Frequency 
in Vacuo 


37258-0 
261-2 
266-5 
295-1 
311-1 
321-2 
331-7 
340-8 
354 
382-5 
394-6 
412-7 
436-9 
455-1 
460-6 
467-8 
475-3 
486 
497-0 
505 5 
534*8 
548-5 
559-5 
586-7 
597-7 
602-6 
619-9 
642-3 
66L-0 
668 8 
683-6 
Ji95-9 
700-6 
709 
717-0 
732-0 
752 8 
755-9 
762-3 
778 
783-3 
7ro-7 
803-3 
813 
821-5 
827-4 
834-6 
852-7 
861-0 
887-2 
896 2 
899 2 
906 6 
923 1 
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V K'S KDivu— continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character j 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

tt n Rowland and 

Hasselberg Harrisou 

Kxner and 
Ilascliek 

Arc 

Spark 1 

i 

\+ 1 -1- 
1 ^ 


26:15-73 

1 

\ 0-76 

1 11-0 

37929-1 

35-52 

. 4n 

! 

1* 

932-2 

31 (M 

! 2n 


\ 

' M 

941-8 

:i 1-02 

. 2n 

' 


953*7 

:i3-31 

2n 



064-0 

32 50 

2n 

1 M 

. 

97.5-7 

.30-72 

12 

! M 

li-1 

38001-3 

20 88 

lOii 

1 >> 


013-4 

28-8H 

8ri 

1 ,, 


027-9 

28-35 

2ri 



0:45-6 

28-2 

2n 



038 

25*73 

' 2 

' „ • 

1 ’* 

073-5 

25-00 

1 Sa 

1 

i 

OSM 

23-86 

! Sn 

»» 


100-7 

22-85 

■ 8n 


1 

115-4 

21 0 

• SI) 

i 

1 

129 

20-1 

21) 


1 

151 

20 2 

2b 

' 


154 

1 0 55 

2n 

i 

1 


163-7 

IS. 5 

21) 

1 


J7S 

17 28 

6n 

-• 


196-5 

16*7.5 

6n 



201-2 

i(;-3i 

s 

' »» 


210-6 

1 5 50 

Sn 

i M 


222-.5 

1 l-'IO 

6 



237-3 

13 0 

41) 

,, 


246 

12-1 

11) 



268 

11-6 

In 

! 


280 

i\:\r> 

6n 


•1 

283-3 

10-s 

! ■ Sb 

1 „ 


291 

250001 


; O’ 75 


:401-4 

OO 68 

' 2 


, 11-2 

:407-8 

0.8-11 

! 6n 



* ;4;4o-7 

07*5 

1 2n 

i 


: 3 40 

0»I 60 

2n 

1 „ 

' 

: 3530 

0.5-8 

lb 

1 ” 


1 365 

o:i-52 

6n 

1 

, ,, 

' 308-3 

0.1 05 

' On 



40.5-2 

02-10 

■ In 

i ” 

1 

M 

414-8 

01-20 

i , 8n 


i M 

432 -5 

00-65 

2n 



410-7 

00*1.5 

.> 

1 ’* 


i 4 48*1 

OS-0 

2n 

( 

1 

467 

07-33 

4 


1 ” 

4S0-8 

06 -.5.5 

' 2n 

i ’’ 

i •’ 

1 501-5 

05 20 

! , 16 

1 „ 

1 

! 521-4 

0 1 '0 


I ” 

! 

1 

539 

011 .8 

•Jn 


»» 

512 

o:;ts 

ir> 



.VI 9 9 

02 :i2 

2 

,, 


.56 4-3 

01 6S 

*> 



573 8 

01 ;s 

2b 



570 

OO 7 

2b 



5S8 

00-3 

2b 


J. 

.594 

88 SO 



>» 

614-4 
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Vanadium— continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 









Rowland and 

Exner and 




1 

in Vacuo 

Hasselberg 

Harrison 

Haschek 

Arc 

Spark 

A + 

A 




2588*55 


2 

0-75 

11-2 

38620-r> 



88-22 


2 


11-3 

6253 



87*5 


4b 

•f 

>* 

636 



85-02 


10 


M 

673*1 



83-7 


2b 



693 



83*12 


6 


If 

701-5 



81*95 


2 


II 

719-1 



78-53 


4 



770-4 



77-78 


10 


f 1 

781*7 



77 30 


o 

»» 

II 

787-6 



75-5(5 


6 


,, 

800-1 



76 20 


2 


II 

805 6 



74-61 


10 

>1 

II 

829-5 



74-14 


4 



836-6 



73 3 


4b 


It 

849 



72 85 


4n 


If 

856-1 



72-0 


6b 

»♦ 

M 

869 



71-!4 


10 



881-9 



68-47 


4n 

H 

lJ-4 

922 3 



68-18 


2 

»» 

II 

920 6 



67*6 


4b 

»* 

II 

935-5 



66 70 


6ii 



919 2 



66-13 


4 



957-9 



65*8 


2u 


II 

963 



65*65 


4 

»» 

»i 

965-1 



65 32 


2 

>« 

II 

970*2 



64-90 


4 

0*74 

It 

976-5 



64*25 


6n 



986*4 



63*15 

1 

6b 1 

»> 


998-6 

1 

62*87 

1 

6 i 

» 

♦I 

39007-4 

1 

62-3 

1 1 

4b 


II 

016 

! 

61-3 

1 1 

2b 


II 

031 



60-25 




II 

047-4 



69-20 


2n 

,, 

II 

063*4 



68 99 


2 


II 

066-5 



66-87 


2 


II 

098-9 



66 00 


10 


11 

1122 



55 6 


2b 


II 

118 



64*93 


2 

>> 

If 

128-6 



64-30 

1 

14 

II 

II 

138-3 



63-76 


II 

II 

146*6 



63*11 

I 12 

{ 

II 

156-6 



62-75 

1 2n 


II 

162-1 



52-3o 

2u 

'1 1 

II 

168-2 


51-83 

6 

II 1 


176-6 


50*7 i 

2n 

II 

II 1 

194 


49 76 ! 

4 


II 

208*0 


1 49-36 

14 



214 2 


48*80 : 

12 


ii’5 ; 

222*7 


48-28 

, 14 

'1 

IT 1 

230*7 

j 

46-40 

2 

II 


259*6 



46-00 


2 



266*8 



45-79 


2 


f > 

269-1 



45-54 


4 


f ) 

272*9 



44*40 

4n 



290*5 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

I 

HasBolberg j 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

1 

a"* 



2543-75 


2 

0-74 

11-5 

39300-5 



43-05 


2 



311-4 



42-6 


lOh 



318 



41-90 


2 

»» 

»» 

329-2 



4M 


2b 



341-6 



39-3 


8b 



369 



37-67 


6 



394-7 



35-20 


2 



433-1 



34CO 


8 



442-6 



34-34 


2 



446-5 



34-04 


4 



451-2 



33-93 


4 


») 

452-9 



3207 


4 br 



481-9 



31-71 


2 

f> 

M 

487-5 



31-33 


2 



493 4 



30 22 


4 


11-6 

510-7 



28-97 


14 



580 2 



28-59 


14 



536 1 



28-00 


18 

*) 


545-4 

! 


26-80 


16 



564-2 

1 


25-63 


2 

M 


582-5 



25-44 


2 



586'4 



25 07 


10 



591-2 

1 


2376 


4 

»» 


611-8 



23-50 


2 



616-9 

1 


22 95 


2 

J, 


624-5 

1 


22 60 


6 



630-1 

i 


22-50 


4 

>» 

>> 

631-7 

i 


21-62 


12 

n 


645 6 

j 


21-30 


10 

It 


650-6 

1 


20-85 


2n 

i> 


657-6 

! 1 

20-40 


2n 


>> 

664-6 

! 


19-77 


6n 



674-9 

j 


19 2 


2b 

»> 

J, 

683 5 



18-7 


2b 

»» 

»» 

691 



18-07 


2ii 


i ** 

701-3 



17-54 1 

2 

0-73 


709 7 



17-20 


i 4 

i» 

»* 

715-1 



16-19 


; n 

t) 


731 0 



15-76 


2 


i 

737-8 



15-20 


2 

»> 

1 i» 

746-6 



14-70 


12 


>> 

754 6 



13-7 


2b 

1 ” 


770 



13 13 


2n 



774-6 



12-95 1 

I 2n 

! 

>» 

782-3 



12 5 

! 2b 



789 . 



12-05 

! ^ 

' *> 

117 

796 5 



11-74 

1 

»» 

M 

801-3 



113 

1 2b 

,, 


808 



10-90 

! 2 

' ,, 

1 »» 

814-6 



10-37 

1 »> 

»> 

1 

823-0 



09-91 

! 2 

! ” 

[ 

830 4 



08-93 


2 

i ” 


845 8 



07 87 


1 ^ 

I .. 

>» 

862-8 

1 1 

07-70 



1 .. 


865-5. 


t. 


1901 
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Vanadium — continued. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

Hasselberg 

Rowland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

A 



2506 97 


4 

0*73 

11*7 

39877*1 



06*27 


10 

»> 

1* 

SS8 2 



05 63 


2 

>> 

11 

898*4 



06*32 


2 

,, 

11 

903*9 



05*02 


2 

,, 


908*1 



04*34 


4 

„ 

11 

918*9 



03*98 


2 

»> 

1) 

924*7 



03*33 


2n 


11 

935*1 



03*08 


10 

,, 


939*0 



02*14 


2 

»» 


949*3 



01*67 


4 

»» 

H 

961*6 



01*20 


2 

»» 


969*1 



00*10 


2n 



986*7 



2499*30 


2 

„ 


999*4 



99*12 


2 

tf 


40002*3 



98-3 


2b 

n 


015 



97 08 


2 

»> 


035 0 



95 85 


2 



051*7 



94*20 


2n 

ff 


081*2 



93(>0 


4 

»» 


089*9 



92*1 

1 2b 

,, 


110*3 



91*24 

! 2 

,, 

118 

128*9 



90*7 1 

i ^ 

>» 


l.ifi!) 



89*86 

2 

»> 


mil 



88*66 

' 4 


It 

170 5 



88-20 

: 4 

tf 


i 177*9 



i 87 6 

! 2b 



1 188 



85*55 

1 2 

,, 

! 

! 220*7 



84*27 

! 2 

„ 

11 

211*5 



83*40 

2 

„ 

11 

255*5 



83*11 

j 10 



260*3 



82 39 

! 10 

ft 


272*0 



80*68 

i 2n 


11 

299 7 



79-60 


12 


It 

317 3 



79-09 


12 


1) 

325*5 



78 64 


8 

l> 

*> 

. 332 9 



76 33 


4 

1» 

; 11*9 

370 4 



75 92 


1 6 

11 

1 „ 

377*1 



75-49 


1 (i 

11 


381*1 



74*8 


2b 

11 


395 



72*94 


1 ^ 

11 


425*8 



71*18 


0 

11 


451 6 



69*85 


j 2n 

0*72 


176*4 



69 46 


2 

„ 

99 

482*8 



68-69 


1 2 

>» 

9f 

495*4 



65 31 


10 


99 

550-5 



64 14 


j 6 

,, 


' 570-2 



62*99 


1 8 



1 589*2 



6l':>7 



,, 

99 

, 612 5 



60*65 


2n 

„ 

ff 

627-7 



59*10 


i 4 

,, 

12*0 

648-3 



59*31 

; 

11 

I M 

649-8 



68*35 


11 


665 7 1 



57*85 


tt 


674-0 j 



67 60 

i ^ 

»• 

1 J 

679-7 1 
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V ANADlUM — continved. 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 

Frequency 



Exner and 
Haschek 





Ilas.'ielberg 

Rowland and 
Harrison 

Arc 

Spark 


a"" 

in Vacuo 



245G-5« 


2 

0-72 

120 

40695-5 



53-90 


2 


>» 

739-5 



53-41 


10 

i) 

)» 

747-5 



52-83 


2 


ft 

757-2 



52-1 


2b 


>» 

769 



5l-() 


2b 

» 

778 



60-80 


2 


»♦ 

791-0 



50-69 


2 

ft 


792-8 



60 29 


4 


>* 

799-5 



48-50 


2 



829-3 



47-70 1 

10 


t» 

842-7 



45-75 i 

: 8 1 .. 

tf 

868-5 



45-51 

2 

tt 

877-6 



45-38 

1 2 1 „ 

ft 

881-4 



45-00 

10b’ ! „ 

,, 

887-8 



42-65 


2n 1 „ 

12 1 

9270 



41-95 


2 I 

,, 

938-8 



41-71 


2 ! 

n 

942-8 



41-40 


2 i !! 


948-0 



39 HI 


2 1 „ 

tf 

974-7 



3t)-35 Fe 


6 „ 


982-4 



39-17 


2 ! 

ft 

985-4 



39-09 


i 4 i !! 

,, 
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1) 
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1 5 


ft 
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tf 
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1 2 

ft 

»t 

112-3 
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: 10 

i» 

tf 
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28-35 

4 

(> 

ft 

158-1 
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>1 

12-2 
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1 <*> 


tf 

184-7 
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Sf 
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>> 
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>> 

506-8 


! 
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ft 

ft 
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Vanadium— 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

1 

Hasselberg 

Rowland and j 
Harrison 

Exner and 
Hascliek 

Arc j 

Spark 

A + 

1_ 

a"* 



2403-35 


4 

0-71 

12-3 

41696-4 



02-01 


4 

>» 

)i 

619-G 



00-99 


4 


II 

637-5 



2399-77 


12 

>» 

II 

658-4 



98-22 


2ii 

»» 

II 

685-3 



97-74 


2 

tt 

II 

693-7 



97-2 


2n 

>» 

ii 

703 



971 


2n 

»» 


705 



9G-62 


2 


12-4 

713-1 



95-1 


2n 

»» 

II 

740 



93-70 


18 

»» 

„ 

763-9 



92-8 


2n 

tt 

II 

780 



91-33 


2 

>» 

II 

805 4 



90-66 


4 


II 

8188 



89-79 


8 

>> 


832 3 



89 01 


2 


,, 

845-9 



88-35 


2 


II 

857-1 



88-0 


2b 

»» 

•1 

864 



87-04 


2 


II 

880 5 



8G-51 


2 

»» 

II 

889 9 



85-92 


6 


II 

900-2 



85 70 


4 

n 

11 

904-0 



85-05 


2b 

If 

II 

915-4 



84-09 


8 

11 

II 

932-5 



83-55 


2n 

II 

II 

941-9 



82-59 


16 

,, 

,, 

958-8 



81-00 


10 

II 

12-6 

98G-7 



80-3 


2n 

II 

II 

999 



79-24 


10 

11 

II 

42017-8 



77-0 


2b 

11 

II 

057 



75-9 


2q 

II 

II 

077 



74-75 


2 


,, 

097-2 



74-2 


2n 

1* 

II 

108 



73-15 


10 

0-70 

>1 

126 6 



72-67 


2 

>1 

II 

132-4 



72-25 


6 

II 

II 

159-5 



71-19 


18 

II 


160-6 



67-71 


6 


11 

222 4 



66-96 


2 

II 

II 

235-7 



66-53 


4 

II 

II 

243-5 



66-40 


16 

II 


245-8 



65-73 


2 

11 

51 

257-3 



62-71 


4 


1) 

311-7 



60-42 


6 

J, 


352-8 



68-82 


14 


12-6 

381-6 

1 


57-89 


6 

II 


398-2 



57-60 


21) 

II 


403-4 



56-3 


2n 

II 


427 



55-3 


2 

11 

n 

445 



64-74 


4 

II 


456-0 



52-25 


10 

II 


600-0 



51-64 


6 

II 

12-7 

610-9 



61-33 


4 

II 


616-6 

i 


49-87 


8 

II 


642-9 

1 


49-37 


2n 

II 

If 

543-8 
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Vanadium— 


Arc Spectrum 

Spark 

Spectrum 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
frequency 
in Vacuo 

Hasselberg 

Howland and 
Harrison 

Exner and 
Haschek 

Arc 

Spark 

A + 

a”" 



2348-30 


8 

0-70 

12-7 

42571-5 



47-57 


2 


t» 

584-8 



47-20 


8 


i» 

691-3 



46-92 


6 


11 

696-4 



46-41 


10 


If 

605-8 



4391 


6 



6510 



43-20 


10 


II 

664-2 



42-26 


10 

»» 

II 

681-2 



41-49 


2 


II 

695-3 



40-6 


2b 


II 

711 



39-9 


2n 


„ 

724 



39-02 


2 


12-8 

740-3 



37-16 


6 



768-8 



37-28 


8 


„ 

772-1 

1 


36-20 


6 


ft 

791-8 

1 


35-59 


6 


II 

803-0 

1 


35-44 


2 

U 

II 

805-8 

* 


34-30 


10 


826-8 

1 


33-70 


6 



833-6 

1 


31-86 


10 



871-4 



31-38 


6 

n 

It 

880-4 

1 


30 53 


12 

tt 

896 0 

1 


303 

1 6n 



900 

1 


29-03 

1 8 


11 

923 8 

! 

28-2 

1 2b 


II 

9390 


26-13 

1 4 


12-9 

977-1 

[ 1 

25-22 

* ' 10 

0 69 

fi 

993-9 


i 23-92 



II 
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1 

! 1991 

i I i 

>1 

II 
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; i 8 

II 
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18-10 

1 ' 

>1 

41 

II 
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17 61 

! « 

II 

135-0 



16-8 

1 , 


,, 

150 



15-8 

i ! 2b 


II 
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15 07 


2 



182-3 



14-25 


8 



197-8 



12 5 


2b 



230 



11-40 


8 


13-0 
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1 09-91 

; 8 


It 
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09-11 

' i 2 


H 

293-3 



08-87 


2 

It 

>1 

298-2 



08-35 


2b 


It 
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06-45 


2n 

It 

„ 

343-8 



04 82 
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>1 
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03-29 

i 1 2 

1 ** 

11 
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1 j o 
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II 
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,, 
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1 

523-3 

1 i 

, 96-39 

1 2 

ti 

1 13-1 

533-6 


' !>6i>l 

i 2 

It 

>1 

642-6 

1 

1 

! !>6f>5 

1 4 

II 

II 

647-6 



9555 

' 4 

II 

ti 
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V ANADIUM— f . 


Arc Spectrum 

Spark 

Spectrum 

1 

Intensity and 
Character 

Reduction to 
Vacuum 

Oscillation 
Frequency 
in Vacuo 

llasselberg 

Rowland and 
Harrison 

Exner and 
llaschek 

Arc 

Spark 

\ + 

x” 



2218-61 1 
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0-07 

13-7 
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4 

1) 
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0 

>> 
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lO-ll 1 
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2n 
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>> 
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lO-IO ; 1 

2 
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2 



233-0 


09 ;n ! 
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>1 


240 3 

i 

0902 i 
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ft 

It 
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2 

It 

It 

270-6 


Ol-OO 

2 

If 
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02 (>2 

4 

II 

13-0 

386-3 
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01-77 

4 

11 

It 

446-1 
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2 

II 

II 

410-4 

' 

00-57 


2 

II 

It 
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0H*G() 


2 

,, 


468-8 

, 

08-13 


2 

II 


470-3 

1 

05 82 


2ii" 

II 

It 
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2 

ti 

)t 

644-6 


03-03 


2 

II 

ft 

585-2 
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2 

II 


608-0 


00-00 

2 


14-0 
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, 

00-30 

! 2 

II 

II 

641-8 
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! 2 

II 

It 
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8r)-02 

! 2 

»i 


731-1 
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i 2 

II 

II 

743-2 
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2 

11 

II 

768 3 

1 

82 30 


2n 

II 

tt 

809-1 
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0 

♦1 

tt 

816-6 


77-3 


2n 

0-ii6 

ii 
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77-0 


2n 

It 

14-1 
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II 

It 

Oil 


79 2 1 

2 


It 

46001 

j 

71-9 1 

2 

II 

•t 

047-5 


j 00-2 


2ii 

,, 

fi 
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j 

03-7 


2ii 


14-2 

207 



01-0 


2n 

II 


248 



61-9 
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II 


456 



51-1 


2 

11 

11-3 

474 



50-0 
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II 

II 

478 



48-4 


2 



532 



47-5 
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II 

11-4 
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40-0 
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II 


584 



43-1 
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II 

II 
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42-0 
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II 

It 

671 



40-1 


«> 

! 11 

,, 

712-5 



30-8 


2 


14-5 

710 



38-1 
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II 
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37-3 
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It 
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II 
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Isomeric Naphthalene Derivatives, — Report of the Committee^ consisting 
of Professor W. A. Tildeint (Chairman) and Dr. H. E. ARM- 
STRONG (Secretary). (Brawn up hy the Secretary.) 

The investigation of the bromo derivatives of ^-naphthol, referred to in 
several previous reports, has been continued during the year with the 
assistance of Mr. W. A. Davis, and practically completed. The results 
are embodied in the following tables : — 


Isonterio Bromo-^-Naphthols. 


Bromo-derivativc 

Properties 

Convertible by HNO, 
into 

Remarks 


r No. 1. 




eo 

Br 

OH 

Slender needles, easily 
soluble in acetic acid, 
m.p. 82°. 

1 - Nitro - 2 - naphthol, 
m.p. 103°. 

Readily dissolves in iod- 
h>dric acid, yielding 
/3-naphthol. 

*0 

\J\J 




.£3 

O. 

e4 

a 

Ex /3-naphthol and 
Br^. 




<a. 

0 

B 

2 

1 
o 

No. 2. 

OH 

.■IJJ 

Ex dibromo No. 1 and 
iodhydrio acid at 
ordinary tcmpera- 
^ turc. 

From benzene in long 
net'<llcs, ni p. 127° ; 
from glacial acetic 
acid in massive crys- 
tals, m.p. 84°, which 
ettloresce in air. 

Acetate^ m.p. 103°. 

1 - Nitro - 2 - naphthol, 
m.p. K3°. 



r No. 1. 





Br 

Ex jS-naphthol in 
glacial acetic acid 
and SBrj. 

From g’acial acetic 
acid in lustrous nee- 
dles + 1 mol. 
m.p. 84° ; from light 
petroleum in slender 
needles, m.p. 100°. 

Acetate., lustrous plates, 
m.p. 125°. 

(1) l-Nitro-6-bromo-2- 
naphthol ; from al- 
cohol in slender 
yellow nee<ile8, m.p. 
122°. 

(2) 1 -Bromo - /3 - naph- 
thaquinone (m.p. de- 
peiulent on rate of 
lieating), and 4 : 6- 
dibromo- /3 - naphtha- 
quiiioiie, m.p. 171° ; 
Iwitli (punones crystal- 
lise frometliylic ace- 
tate in magnificent 
re<l prisms. 

Botli the naphthol and 
the diiiromoquinone, 
m.p. 171°, yield 4- 
bromophthalic acid 
on oxidation with di- 
lute nitric acid. Jtobh 
the mono- lU'd dibro- 
moquinone yield with 
aniline a mixture of 

rX°“ 





m.p. 273-275°. 

nS 

"o 




0 

x: 

a 




NHPh 

CO 

o 

1 



NPh 

S 

o 

u 

r) 




m.p. 206°. 

S 

No. 2. 





Xu”." 

Ex tribromo-naphthol 
No 1, and iodhydrio 
acid at 100°, 

From toluene in silky 
needles, m.p. 1.37*6°. 

Acetate^ ex acetone in 
transparent rhombs, 
m.p. 137°. 


When heated with 
alcohol and 

6*6 hours at 100° 
yields 66 per cent, of 
ether, C,oH,Br,0Et, 
m.p. 38°, 



TriDroino-/3-naphthol: 
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Isomeric Bromc-0-Naphthols—coatinwd. 


Brotno-derlvative 


Properties 


No. 3. 
Br(?) 


Br 



OH 


Ex tribronlo-^•naph» 
thol No. 2 and lod- 
liydric acid. 


No. 1. 
Br 


Br 



From benzene and light 
petroleum in long 
iie€‘dle.s, in.p. 134‘5®. 

Acetate^ orystalllsiis in 
small colourless 
needles, m.p. 87-88*^. 


Convertible by HNOa 
into 


Bemarks 


With alcohol and 
H,SO« 6 hours at 
100° yields 61-0 per 
cent, of ether^ which 
crystallises from alco- 
hol in silky tufts of 
needles, m.p. 68°. 


on 


Br 


Ex ^-niaplithol in 
acetic solution and 
3Br,. 


From acetic acid in 
non~ejfloretcmt^ lus- 
trous needles, m.p. 
165°. 

Acetate, from cthylic 
acetate in long, 
Rlen'^er, lustrous 
necd.es, m p. 184°. 

Benzoate^ m.p. 187°. 


(1) 1 -Nitro- 3 :6-di- 
bromo - ^ - naphthol, 
slender golden needles 
from alcohol ; mclt.s 
and dcH'omposcs at 
about 150°. 

(2) 3 : 6-Dibromo-l : 2- 
naphtbaqiiinone, 

from ethyl acetate in 
dfH*p - red rhombs, 
or or.ingo-re<l neoillcs, 
m.p. 150° ; changes in 
air mto 

OH 


.Vo. 3. 



By action of bromine 
(excess) on dry /3- 
naphthol at 100°. 


No. 3. 

Brl^-Jllr 

Br 

Ex tetrabromo ^-naph- 
thol No. 1 and 
boiling iodhydric 
acid. 


From noetic acid in 
small fjtforrscent nee- 
dles -4- I mol. C’all.Oa, 
m.p. Ififl’’. 

Arrtofr, from ethyl nce- 
tati or acetone in 
brilliant, slender 
needles, m.p. 119°. 

Brnzuatf^ ex ethj 1 ace- 
tate in silky needles, 
m.p. 164°. 


From glacial acetic 
acid ill flat, tfiorfz- 
cent neodloA (with 
1 mol. CjH 40 a) ; melts 
at 134°. 

Acetate^ from ethylic 
acetate in slender 
Iu.<itroiis needles, m.p. 
147°. 


\. 


On oxidation with di- 
lute HNO, the dibro- 
moqulnone yields 4- 
bromophthalic acid ; 
anhydride, m p. 106°. 

With aniline the qui- 
noue yields a mixture 
of 

0 


Br 



OH 


NPh 
m.p. 273-275°. 


Br 


O 


mp. 21 3 \ 

With aniline the latter, 
yield.s an additive com^^ 
pound, CjoTl.OjBrj -f 
r.UjNIIj, crystallising 
fn>m ben/ene in red 
pri-sms and deconipos- 
uig at 195°. ' 


(1) 1 - Nitro- 6 : 8(?)- 
dibrouio-2 -iiaplitbol, I 
compact, canary-> el- 
low not tiles from 
benzene ; on lienting 
becomes orange at 
155-160°, and melts 
ami decomposes at 
163°. 

(2) 6 : «-l)ibromo-l : 2- 
naphtliaquinone, 

oraiige-rt'd, cfllores- 
cent m'ctlles from 
benzene, large pri.‘tm8 
from ethyl acetate, 
m.p. 186°. 



m.p. 206°. 


On oxidation both the i 
naphthol and the de- 1 
rivid (luinonc yield a j 
new dibromophthahc i 
acid, m.p. 195-196° ; 
rtn/<y(/ni/e,m.p. 147’5°. I 


Does not ctherify when 
heated with alcohol 
and HaSO^ at 100°. 
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liomerio Bromo^^-Na^hthoU — continued. 


Bromo-derivatlve 

Properties 

Convertible by HNO^ 
into 

Remarks 


^^o. 4. 





Br(?) 

fY^r" 

Br Br{?) 

Ex tetrabroino-)8-naph - 
thol No. 2 and 
. ing iodhjdric acid. 

From acetic acid in flat, 
ejffiore^cent neeillos 

(with 1 mol. C„H^Oa) ; 
molts at 135-136®. 
Acetate, small leaflets 
ex ethyl acetate, m.p. 
147®. 


Does not etherlfy. 

Note close resemblance 
of naphthols 3 and 4 
and acetates 2, S, 
and 4. 


r Ko. 1. 





»C0: 

Br 

Ex /3-iiaplithol ill 
glacial aoetii* acid 
and excess of Jir^ in 
presence of iron. 

From acetic acid in 
small balls of 

iiee*lles (ejfiorescertt)^ 
m.p. 172®. 

Acetate, from ethylic 
acetate in long, lus- 
treless prisms, or 

small feix-sidtd plates, 
m p. 192-193®. 

(1) 1 - Nitro -3:4:6- 
tribromo-|3-naphthol, 
dark jellow needles, 
m.p. between 135- 
143°, depending on 
rate of lioating. 

(2) 3 : 4 : 6- tribromo- 
1:2- iiiiphthaqui - 
none, from ethylic 
acetate in large, deep- 
red nearly black 

1 bombs, m.p. 190®. 

Oxidation by dilute 
HNO, converts the 
nuphthol and the 
derived qiiinoue into 

*3- 

a 

r 

1 

g 

Xo. 2. 

Br(?)Br 

Br'>^'>^Br(?) 

By excess of Brj on 
dry ^-naphtliol at 
100® in pre-ence of 
Iron. 

From acetic acid or 
cliloroform in long 
blender needles («o«- 
eftloresccnt), m.p. 

184®. 

Acetate, from ethylic 
acetate or acetone m 
small dunibbfell-liko 
aggregates of needles, 
m.p. 155®. 

(1) Nitro -tribromo-/5- 
naphtliol, > cllow tufts 
from (ih'ohol, tn p. 
156° (dccompo'ics). 

(2) Tribronio - /3 -naph- 

thaqunioiic from 

ethylic acetate in 
large red prisms, 
m.p. 183®. 

Oxidation of cither 
naphthol or quinone 
gives a new flibrorno- 
phthalie aeid, m.p. 
195-196® : anhydride, 
m p. 147’5®. 


Xo. X 




1 

Formed along with 1 
and 2 in small quan- 
titj. 

Small, colourless 
needles from acetic 
acid, m p. 191®. 

Acetate. Iroiu acetic 
acid (very sparingly 
soluble; in felted 
nusa of needles, m.p. 
21U®. 

Does not yield a keto- 
comiiound initially 
with II NOn, but gives 
immediately a t(4ra- 
bromo - /3 - naphtha - 
qiunone, m.p. 241° 
(small red needles). 

Attempts at oxidation 
latherto uusuccesaful. 


Xo. 1. 




vi 1 

1 
ia ' 
o. 
ee 
d 

tl 

By action of bromine 
in excess on dry P- 
napiithol in pre- 
sence of A1 or Fe; 
also by bromine on 
tetrabronio, No. 2. 

Tiny colourless needles 
from nitrobenzene, 
m.p 241°. 

Acetate, ex ethylic ace- 
tate, small needles, 
ui.p. 209°, 

A tetrabromo-^-naph- 
thaquinoue, m.p.lui®. 

On oxidation yields 
a tribrumophthalic 
acid.* 

H ’ 

o 

u 

Xo. 2. 




■i 

1 

▻4 

Ex tetrabrorao-^-naph- 
thol, No. 1, by 
dropping into bro- 
^ mine containing Al. 

Acetate. m p. 203°, 
white granules. 




Fleisa, Ber.i 17, 1479, 



ON THE BIBLIOGRAPHY OF SPECTROSCOPY. 


155 


of Spectroscopy. — Report of the Committee y consisting of 
Professor H. McLeod (Chairman), Sir W. C. Eobehts-Austen 
(Secretary), Mr. 11. G. Madan, and Mr. D. H. Nagel. 

The Committee beg to present herewith the last instalment of the list of 
spectroscopic papers, continued until the end of the year 1000 ; it is 
unnecessary to continue it farther, as the work will now come into the 
hands of tlie compilers of the International Catalogue of Scientific Papers. 

In the first report, presented in 1881, will be found a list of periodicals 
from which titles have been taken, but as in recent years the work has been 
entirely in the hands of only two members of the Committee, it was found 
impossible to look through all the periodicals mentioned in that list. The 
serials that have be(‘n recently examined are the following : — ‘ Philo- 
sophical Transactions,* ‘ Proceedings of the Iloyal Society,* ‘ Journal of 
the Chemical Society,’ ‘ Berichte der deutschen chemischen Gesellschaft,* 
‘ Chemisclies Centralblatt,’ ‘ Proceedings of the Physical Society,* ‘ Science 
Abstracts,’ ‘ Beiblatter,’ ‘ Nature,’ and ‘ Chemical News.* The abstracts 
and notices contained in these periodicals have been verified by reference 
to the original papers, and it is hoped that all the most important con- 
tributions to the knowledge of spectroscopy have been included in the 
list. 


TAPERS ON SUBJECTS CONNECTED WITH SPECTROSCOPY. 

The previous instalments of this catalogue will be found in the Reports of the 
Association for 1881, pp. J28-422 ; 1884, pp. 21)5-350 ; 1889, pp. 311-422 ; 1894, pp. 
lGl-23(); 1898, pp. 130-519. 

[In cases where it has not been found possible to verify a reference, the latter is 
placed in bracktits. in the same column as the title of the paper. A list of the 
chief abbreviations used will be found at the end of the catalogue.] 


J. Melander . 


M. Hamy 


J. Melander . 


H. Kriiss 


I. 

INSTRUMENTAL. 

1897. 

Sur un prisme A angle variable. 
(Read Dec. 13.) 


, Sur un npparcil permettant dc 
s6parer des radiations simples 
ties voisines. (Read Dec. 20.) 

. Ein Spretrometer zur dirccten 
Unterseheidung der tellurischen 
Linien im Soniienspeclrum (‘ Fin- 
ska Vet. Soc. Fdrh.’ xxxix. 217- 
255), 

1898. 

, Spectro -photometer mit Lummer- | ‘ Zcitschr.f. Instrumenten- 
Brodhun’sehen Prismenpaar.(Jan.) i kiinde,’ xviii.l 2-18 ; * Bei- 

1 bliitter,’ xxii. 839 (Abs.) 


‘ Oefvcrs. at rinska > et. 
Soc. Fhrhandl.’ xl. 33- 
35 ; ‘ Btublaitcr,’ xxii. 

555 (Abs.) 

‘ C, R.’ exxv. 1092-1094, 


‘ Beibliitter,’ xxiii. 178-179 
(Abs.) 
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C. Fabry and A. 
Perot. 


Instrumental, 1898. * 

Sur un spectroscope interf^ren- 
tiel. (Head Jan. 24.) 


L. M. Dennis . 


Eine neue Form des Entladers fiir 
Funkenspectren in Losungen. 
(Jan.) 


H.C. Vogel . 

Einige Bemerkungen iiber den j 
Kirchhofl’schen Spectralapparat. 
(Read Feb. 17.) j 

A, A. Michelson . 

A Spectroscope without Prisms or 
Gratings. (March.) | 

1 

W, Hemmclraann . 

Verbessertes Absorptionsflaschchen ' 
fiir Spectralanalyse. (April.) 

C. Zeiss . 

Neue Construction des .symmetri- i 
schen Doppelspaltes nach v. Vicr- | 
ordt, (April.) ! 

C. Pulfrich , 

1 

i 

Ueber einige Neueinrichtungen an | 
dera Doppleprisma des Abbe ’schen ' 
Refractometers, und iiber die von | 
der Firraa Zeiss hergestellteii ; 
Refractometerdieser Art. (April.) j 

A. Jobin 

Spectroscope interferentiel de MM. , 

1 A. Perot et Ch. Fabry. (Read 1 
May 20.) | 

A. A. Michelson . 

The ‘Echelon’ Spectroscope. (June) i 

1 

G. Zeiss . « 

■ 

Spectralapparat nach E. A. Wiilfing 
zur Beleuchtung mit Licht ver- 
schiedener Wellenlange. (July.) 

F. Pfuhl 

Ein einfacher Apparat zur Demon- 
stration des Brechunggesetzes der 
Lichtstrahlen. (July.) 

C. R. Mann . 

The Echelon Spectroscope. (Aug ) 

H. Olsen 

Ueber einen Gitterspectralapparat. 
(Sept.) 

W. A. Adeney and 
J. Carson. 

j On the Mounting of the large Row- 
land Spectrometer in the Royal 
University of Ireland, (Sept.) 


‘C. U: exxvi. 331-333; 

‘ Nature/ Ivii. 326 
(Abs.); ‘Science Abstr,' 
i. 247; ‘Chem. News/ 
Ixxvii. 82-83 (Abs.) 

‘ Zeitschr. f. anorg. Chem.* 
xvi. 19-21; ‘Beibliitter/ 
xxii. 218 (Abs.); ‘Chem. 
Centr.’ J898, L 428 
(Abs.); *J. Chem. Soc.’ 
Ixxiv. II. 186 (Abs.) 

‘ Sitziingsb. Akad. Berlin/ 
1898,141-147; ‘Nature/ 
Iviii. 19-20 (Abs.) 

‘ Amer. J. Sci.’ [4], v. 215- 
217; ‘BeibliiWer/ xxiii. 
555-557 (Abs.) ; ‘ Science 
Abstr.‘ i. 386; ‘Nature/ 
Ivii. 500 (Abs.) 

‘ Chem. Zeitung/ xxii. 
297-298 ; ‘ Chem. Centr.’ 
1898, I. 1063 (Abs.) 

* Zeitschr. f. Instrumenten- 
kundc/ xviii. 116-117. 

‘ Zeitschr. f. Instrumenten- 
kundc,’ xviii. 107-116; 
‘ Beibliitter/ xxii. 661 
(AV)s.) ; * Science Abstr.’ i. 
536. 

‘ Seances de la Soc. Frang. 
dc Phys.’ 1898, 46*-49’‘‘. 


‘ Astrophys. J/ viii. 37- 
47 ; ‘ Nature,’ Iviii. 280 
(Abs.) ; * Science Abstr.’ 
1. 589-592. 

‘ Zeitschr. f. Instrumenten- 
kuride,’ x\iii. 209-213. 


* Zeitschr. f. phys. u. chem, 
IJ literr.’ xi.. 159-161. 


j ‘ Science,’ viii. 208-210. 

, ‘ Zeitschr. f. Instrumenten- 
j kunde,’ xviii. 280-283 ; 
1 ‘ Beibliitter/ xxiii. 657 
j (Abs.) 

‘ Proc. Roy. Soc. Dublin ’ 
[N.S.], viii. 711-716; 
‘Phil. Mag.’ [6], xlvi. 
223-227 ; ‘ Science Abstr.’ 
ii. 98 (Aba.) 
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W. VV. Campbell . 
R. Straubel . 

C. Zeis3 . • 

C. Pulfrich . 

C. Zeiss . 

•t • • • 

V. Schumann. 

E. A. Wiilfing 

J. H. White . 

Sir J. N. Lockyer . 

C Zeiss . 

H. Starke , 

C. P. Butler . 

C. S. Hastings 


INSTKUMENTAL, 1898, 1899. 

The Mills Spectrograph of the Lick 
Observatory. (Oct.) 

I Ein Bcleuchtungs apparat fur mo- 
1 nocbromatisches Licht mit festcn 
I Spalten. (Oct.) 

i 

Ueber Quarzspectrographen und | 
j neuere spectrographische Hiilfs- i 
apparate. (Nov.) | 


Ueber ein Vergleichspectro.‘?cop fiir 
Laboratoriumszwecke. (Dec.) 


Totalrefractometer (Kryslalrefrac- ! 
tometer) nach E. Abbe. i 

I 

Verbindting eines Dichroscopes mit 
ein cm Spectroscop. | 

i 

Von den brecbbarsten Strahlcn j 
1 un<l ihrer photographischen Auf- I 
j luihmc. 

' Ueber einen Spectralapparat zur 
I Herstellunu von intensivem mono- 
i chromatibchem Licht. 

* 1899. 

i Simplitied Apparatus for Spectro- i 
bcopic Photography. (Jan.) | 

I I 

A simple Spectroscope and its 
I Teachings. (Lecture, Feb. 10.) 


, Nones Refr.actometer mit Erhitz- 
ungseinrichtung nach Ey kman. 
(March.) 

j Kin UefractometerzurBcstirnmung 
I dos Brochungaexponenten von 
I Kliissigkeiten mil dein Microscop. 
(Read April 7.) 

On the Use of Photographic Films 
I in Astronomical Photography. 
(April ) 

The Uicholson Echelon Spectro- 
scope. (April.) 

A new Type of Telescopic Objective 
specially adapted for Spectro- 
scopic Use. (April.) 


* Astrophys. J.* viii. 123- 
158 ; ‘ Science Abstr.’ ii. 
91 (Abs.) 

•Ann.. Phys. u. Chem.' 
[N.F.], Ixvi. 350-352 ; 

‘ Science Abstr.* ii. 97 
(Abs.) 

* Zeitschr. f. Instrumenton- 
kunde/ xviii. 32.5-331 ; 
‘Beiblutter’ xxiii. 249 
(Abs.); ‘Science Abstr. 
ii. 346. 

‘ Zeitschr. f. Instrumenten- 
kunde/ xviii. 3H1-383 ; 

‘ Beibliitter,’ xxiii. 249- 
250 (Abs.) 

‘ Neucs Jahrb. f. Min, 
Geol. u. Paliiont.* 1898, 
II. G5..67. 

‘Neues Jahrb. f. Min. 
Geol. u. Paliiont.’ 1898, 
II. 68-09. 

‘ Jahrb. f . Photog,’ xii. 
20-22 ; * Beiblatter,* xxii. 
841 (Abs.) 

* Neucs Jahrb f. Mineral.* 
Beilage-Band xii. 343- 
404 ; ‘ Beiblatter * xxiii, 
355-356 (Abs.) 


‘Scientific American, ’Ixxx. 
43; ‘Science Abstr.* ii. 
739. 

‘Nature/ lix. 371-373, 
391-393; ‘Zeitschr. f. 
j)hy<. u. chem. Untefr.* 
xii. 1 57-158 , ‘ Beiblatter/ 
xxiii. 554-555 (Abs.) 

• Zeitschr. f. lastrumenten' 
j kunde/ xix. 6.5-71 ; ‘ Bei- 
bliitter/ xxiii. 767 (Abs.) 

‘Verb. Dentseb. phys. 
(h'sellsch.’ i. 117-122; 
‘ Science Abstr.’ ii. 596 ; 
‘Beiblatter,’ .\xiv. 27-29 
(Abs.) 

‘ Nature,' lix. 6U. 


I ‘ Nature,' lix. C07-60D. 


‘Amer. J. Gci/ vii. [4], 
267-270; ‘Nature/ lix. 
021 (Ab.s.) ; ‘ Science 

Abstr.’ ii. 660. 
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A. A. Michelson 
A. de Gramont 

S. A. Mitchell 

Ph. Pelliii and 
Broca. 

A. A. Michelson 

D. P. Brace • 

G. E. Hale . 

C. Palfrich . 

F. F. Martens 

W.H. Perkin, 

E. Beckmann 

L. Levy . • 

A. A. Michelson 

F. Wallerant , 

D. P. Brace » 


Instrumental, 1899, 1900. 

. On the Echelon Spectroscope. (Read 
June 6.) 

• Sur un spectroscope de laboratoire 
^ dispersion et i\ 6chelle r^glables. 
(Read June 26.) 


The direct Concave Grating Spec- 
troscope. (June.) 


A. 


Spectroscope ‘X deviation fixe. 
(June.) 


The Echelon Spectroscope. (Oct.) 


. On a new Spectrophotoraetcr and 
an Optical Method of Calibration. 
(Nov.) 

. Some new Forms of Spectrohelio- 
graphs. (Nov.) 

• Ueber ein neues Refractometer 

mit veriinderlichen brecheudun 
Winkel. (Nov.) 

• Ueber eine Neuconstrnction des 

Konig’sehen Spectralphotomcter. 
(Read Dec. 15.) 

• An improved Spectrometer Scale 

Reader. (Read Dec. 21.) 

» Ueber die Krzeugung leuchtender 
Flammen zu spectroscopischen 
Zweeken mit Hilfe der Electro 
lyse. (Zeitschr. f. Electrocliem. 
V. 327.) 

, Das InterferenzspecUometor von 
Ch. Fabry und A. Perot (* Der 
Mechaniker,’ vii, 111-113.) 

» Sur le spectroscope A Echelons. 


Perfectionnement act rtjfractomMre 
pour Ics cristuux mlcrosoopiqucs. 

1900. 

On a now System for Spectral 
Photometric Work. (Jan.) 


‘Tnins. Phil. Soc. Cam- 
bridge,' xviii. 316-323. 

‘C.R.’cxxviii. 1661-1568; 
‘ Beibliittcr,’ xxiv. 178 
(Abs.) ; ‘Science Abstr.* 
ii. 739. 

‘Astrophys. J.^ x. 29-39; 
‘ Nature,* lx. 302 (Abs.) ; 
‘ Science Abstr.’ ii. 821. 

‘ J. de Phys.'[31, viii.314- 
319; ‘Astrophys. J.’ x. 
337-312; * Beibliittcr,' 

xxiv. 462 (Abs.) ; ‘ Science 
Abstr.’ ii. 663. 

‘ Proc. Amer. Acad.’ xxxv. 
111-119; ‘J. de Phys.’ 
[3], viii. 305-314; ‘Bei- 
bUitter,’ ,xxiv. 467-458 
(Abs.) 

‘Phil. Mag.’ [5] xlviii. 420- 
430 ; ‘ Bcibhitter,’ xxiv. 
458-459 (Abs.) ; ‘ Science 
Abstr.’ iii. 1 1-15. 

‘ Astrophys. J.’ x. 288-290. 


‘ Zeitschr. f. instrumenten- 
kunde,’ xix. 335-339. 


‘ Vorhandl. Dcutsch, Phys. 
Ge.sellsch.’ i. 280-281 ; 
‘ Beiblattcr,' xxiv. 466 
(Abs.) 

‘ J. Chera. Soc.’ Ixxvii. 
267-291 ; ‘ Beiblatter,’ 

xxiv. 929-930 (Ab.s ) 

‘ Beibliitter,' xxiii. 778 
(Abs.) . 


* Beibliitter,* xxiii. 773 
(Abs.) 

‘ J. de Phys.’ [3], viii. 305- 
314 ; ‘ Science Abstr.’ ii. 
740. 

‘ Bull. Soc. Min. de Paris,* 
xxii. 67-69. 


‘Astrophys, J/ xi. 6-24 ; 
‘ Beibliitter,* xxiv. 779- 
780 (Abs.) 
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E. V. Capps . 

F. Martens 

C. Fabry and A. 
Perot 

J. Hartmann • • 

C, J. Abbot and 
F. E. Fowle 

W. S. Adams 

‘ W. W. Campbell . 

G. B. Rizzo • . 

E. Beckmann 

H. C.Togel . 

C. Fabry and A. 
Perot 

J. Hartmann , 

H. Lehmann . 


Instrumental, 1900 . 

Calibration of the Slit in Spectral 
Photometric Measurements. (Jan.) 


Ein Colorimeter als Zusetzapparat 
fiir Spectroscope mit Wellen- 
langescala. (Jan.) 


Nouvelle source de lumi^re pour la 
spectrom^trie de pr6cision. (Read 
Feb. 12.) 

Bemerkungen tiber den Ban und 
die Justirung von Spectrographen. 
(Feb.) 


A Prism of Universal Dispersion. 
(March.) 


The Curvature of the Spectral Lines 
in the Spectrohellograph. (May.) 

The Temperature Control of the 
Mills Spectrograph. (May.) 


Una vantaggiosa disposizione speri- 
mentale per lo studio degli spettri 
di diffrazione dei reticoli concavi. 
(Read June 18.) 


Ueber Spectrallampen, I. (June.) 


Description of the Spectrographs 
for the great Refractor at Pots- 
dam. (June.) 

Sur les sources de lumi^re mono- 
chroma tique. (July.) 

Remarks on the Construction and 
Adjustment of Spectrographs. II. 
(July.) 

Ueber Spectralapparnte mit dreh- 
barem Gitter. (July.) 


* Astrophys. J.' xi. 25-35 ; 

* Science Abstr.* iii. 302 ; 

* Bei blatter,’ xxiv. 777 
(Abs.) 

*Phys. Zeitschr.* i. 182- 
183 ; * Beiblatter,’ xxiv, 
465 (Abs ) ; * Science 

Abstr.’ iii. 627. 

* C.R.’ cxxx. 406-409 ; 

* Beibliitter.’ xxiv. 256 
(Abs.); ‘Science Abstr.’ 
iii. 376. 

* Zeitschr. f .Instrumenten- 
kunde,’xx. 17-27, 47-58 ; 
‘Beiblatter,’ xxiv. 459- 
461 (Abs.); ‘Astrophys. 
J.’ xi. 400-413. 

‘Astrophys. J.’ xi. 135- 
139; ‘ Nature,’ Ixi. 697 
(Abs.); ‘ Beiblatter,* xxiv. 
993 (Abs.) 

‘Astrophys. J.’ xi. 309- 
311 ; ‘ Science Abstr.’ iii. 
688 . 

‘Astrophys. J.’ xi. 269- 
261 ; ‘ Nature,’ Ixil. 137 
(Abs.) ; ‘ Science Abstr.* 
iii. 687. 

‘Atti R. Accad. Torino, 
xxiv. 794-790; ‘Mem. 
Soc. Spettr. Ital.* xxviii. 
241-244 ; ‘ Beiblatter,’ 

xxiv. 462-463 (Abs.) ; 

* Nature,’ Ixi. 661-562 
(Abs.) 

‘Zeitschr. ^ f. physikal. 
Chem.’ xxxiv. 593-611 ; 
‘ Chem. Centr.* 1900. II. 
801 (Abs.); ‘Beiblatter,’ 
xxivi 1282 (Abs.); ‘J. 
Chem. Soc.’ Ixxviii. IL 
701-702 (Abs.) 

‘Astrophys. J.’ xi. 89.3- 
399 ; ‘ Nature,’ Ixii. 459 
(Abs.) 

‘ J. do Phys.* [3], ix. 369- 
382; ‘Nature,' Ixii. 360 
(Abs.) 

‘ Astrophys. J.’ xii. 30-47 


‘ Zeitschr. f. Instrumenten* 
kunde,' xx. 193-204 ; 
‘ Beiblatter,* xxiv; 1116- 
1116 (Abs.) 
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F. Pasohen . 

C. Fiitsch • 

C. l ulfrich . 

K. Beckmann 


W. H. Wright 


£. Beckmann 


O. Lummer • 


M. W. Travers 


O. Lohse 


W. N. Hartley 


F. Exner and 
Haschek. 

O. B. Rizzo • 


Lecoq de Boieli 
dran. 


Exner and 
Haschek. 


Instrumental, 1900— Emission Spectra, 189?. 


. Ein Geissler sche Rohre mit Queck- 
silber Electroden zum Studiurn 
des Zeemaneffectes. (Aug.) 

. Eine neue Spaltvorrichtung an 
Spectralapparaten. (Sept.) 


Vergleichsspectroscope fiir Far- 
bentechniker. (Oct.) 


Ueber Spectrallampen. II. (Nov.) 


The Auxiliary Apparatus of the 
Mills Spectrograph for Plioto- 
graphing the Comparison Spec- 
trum. (Nov.) 

XJeber Spectrallampen. III. (Dec.) 


Udber ncuere Interferenzrefrac- 
tometer. (‘ Der Mechaniker,’ viii. 
26-28, 37-40.) 


IL 

EMISSION SPECTRA. 
1897. 

. Some Experiments on Helium. 
(Read Feb. 4.) 

• Untersuchung des violetten Tbellea 

einiger linienreicher Metallspec- 
tren. (Read March 4.) 

• Experiments on the Flame Spec- 

trum of Carbonic Oxide. (Read 
Mar. 18.) 

E. Ueber die ultravioletten Funken- 
spectra der Elemente. VIII. 
(Read May 13.) 

, Ricerche spettroscopicbe suH’ 
argon. (Read May 23.) 

ill- Examen de quelques spectres. 
(Read June 8 and 21.) 


E. Ueber die ultravioletten Funken- 
spectra der Elemente. IX. 
(Read July 8.) 


‘ Pbys. Zeitschr.’ i. 478- 
480. 


‘ Phys. Zeitschr.’ i. 643- 
544; ‘ Beiblattcr,’ xxiv. 
1117-1118 (Abs.); 

‘ Science Abstr.’ iv. 26. 

‘ Zeitschr. f.Instrumenten- 
kunde,’ xx. 299-301 ; 

* Beiblatter,’ xxiv. 1277 
(Abs ) 

‘ Zeitschr. f. physikal. 
Chem.’ XXXV. 443-468; 

* Chem. Centr.’ 1901, I. 
1 (Abs.);' * Beiblatter, ’ 
XXV. 37 (Abs.) 

‘ Astrophys. J,’ xii. 274- 
278 ; * Beibliitter,’ xxv. 
39-40 (Abs.) 

‘ Zeitschr. f. physikal. 
Chem.’ XXXV. 652-660 ; 

* Beibliitter/ xxv. 129- 
130 (Abs.); M. Chem. 
Soc.’ Ixxx. II. 81 (Abs.) 

‘ Beibliitter/ xxiv. [37 ] 

(tiile). 


‘ Proc. Roy. Soc.' lx. 449- 
453 ; * J. Chem. Soc,' 
Ixxiv. II. 375-376 (Abs.) 

‘ Sitzungsb. Akad. Berlin,' 
1897, 179-197. 


‘ Proc. Roy. Soc.’ Ixi. 217- 
219; ‘ J. Chern. Soc.' 

Ixxiv. II. 361-362 (Abs.) 

* Sitzungsb. Akad. Wien,' 
cvi. Il.a, 337-356; 
‘Science Abstr.’ i. 195. 

‘Atti R. Accad. Torino/ 
xxxii. 670-579 ; ‘ Bei- 
blatter/ xxii. 666 (Abs.) 

‘C. R.’ exxiv. 1288-1290, 
1419-1421 ; ‘ Chem. 

News/ Ixxvi. 46-47 
(Abs.) 

* Sitzung.sb. Akad. Wien/ 
cvi. Il.a, 494-520; 
* Science Abstr.' i. 248. 
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Emission Spectma, 1897, 1898. 


A. de Gramont 


n 


Sur le spectre du carbone. (Read 
July 19.) 

Sur le spectre des ligne.s du car- 
bone dans lea sels fondus. (Read 
July 26.) 


II. L. Callondar and 
N. N. Kvans. 

A. L. Foley . 


The Rcliaviour of Argon in X-ray 
Tubes. (Aug.) 

Arc Spectra. (Sept.) 


II. Konen 


. ] Ueber die Sped ren dos .Tod. (Bonn j 
Disscrtatiuii, Oct. 1897.) ' 


B. Ilasfcclberg . ' tTntersuchnngon iiber die Spectra , 
I der Metalle iinelcctrischen Flam- ■ 
I lueu JOgen. JV. Spectrum <los 1 
MangaiLS. (Head Xov. 10.) j 

J. R. Rydberg . The New Series in the Red Spec* 

; trum of Hydrogen. (Nov.) 


S. Fdrsling . . Oinrra.seodidy mens spectra. (Road 

D('c. 8.) 


F. Exner and E. IVber die ultraviolet ten Funlccn- 1 


liasuhek. 

spcetiador ElemeiiU*. X. ^Reud 
; L)e(*<. 10.) 

11. Wilde 

. 1 On New Spectral Lim*s of Oxygon. 

1 ( Dec ) 

E. Kuncken . 

. I Untersucliung fiber das Linien- 
j spectrum des Schwcfels. (^Dis- 
1 burl. Helsingfors, 52 pi>.) 


1898. 


J. M. Edor and ; Das Linien-spoctrum des Silicium. 
K. Valeiita. (Read Jan. IJ.) 


Birkeland 


M. llamy 


Sur le spoctro des rayon.s catho- ! 
dique.s. (Read Jan. 17.) 

I 

Sur Ic spectre du cadmium dai\s 
uii tube li vide. (Read Jan. 17.) | 


C. R.’ exxv. 172-176. 


C. R.’ exxv. 238-240. 


‘ Nature,’ Ivi. 624-026 ,* 

‘ Brit. Assoc. Rep.’ 1897, 
6.;3 (Abs.) 

‘ Phys. Review,’ v. 129- 
161 ; ‘Science Abstr.’ 
i. 56. 

‘ Ann. Pbys. u. Chem.* 
[N.F.], Ixv. 257-286; ‘ J. 
Chem. Soc.’ Ixxiv, II. 
49:1 (Abs.); ‘Nature,’ 

hiii. 335 (Abs.) 

‘ Ilandl. k. Svensk. Vet. 
Akad.’ XXX. 20 pp. 


‘Astrophys. J.’ vi. 233- 
238; ‘Nature,’ Ivii. 167 
(Abs.) 

‘ Bihang till K. Vet. Akad. 
Hand!.’ xxiii. Afd. i. 
No. 5, 20 pp. ; ‘ Bei- 
bhitter,’ xxiii. 481 (Abs.) 

‘ Sitziingsb. Akad. Wien,’ 
cvi. IJ a, 1127-1152. 


‘Chem. Nows,’ Ixxvi, 288 

‘ Zfitschr. f. .'inorg. riiem.’ 
xviii. 80 (Abs.) ; ‘ Chem. 
Ceiitr.’ 1898. II. 1004 
(.\bs ) ; ‘ Beiblilttcr,’ 

xxni. 90-97 (Abs.) 


‘ Sitziingsb. Akad. Wien/ 
evil. H.a, 41-43; ‘ Bei- 
blatter,’ xxii. 774 (Abs.) ; 
‘ Chem. Cent r.’ 1898, I. 
1095 (Abs.) ; ‘ Chem. 

News,* Ixxvii. 206. 

‘C. K.’ exxvi. 228-231; 
‘Bcibliitter,’ xxii. 174- 
175 (Abs.) 

‘C. R.’ exxvi. 231-234; 
* Beiblilttcr,’ xxii. 163 
(Abs.) ; * Chem. News/ 
Ixxvii. 71 (Abs.); ‘J. 

Chem. Soc.’ Ixxiv. II, 
321 (Abs.) 


1901. 


M 
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A. Perot and C. 
Fabry. 


F. Exner and E. 
Haschek. 


A. Schuster . 


H. Kayser 


H. Enbens and E. 
Aschkinass. 


E. Demar^ay 


G. C. Schmidt 


H. A. Rowland and 
C. N. Harrison. 


\V. Ramsay and 
M. W. Travers. 


H. Moissan and 
H. Deslandres. 


C. Fabry and A. 
Peiot. 


\V. Ramsay and 
M. VV. Travers. 


T. N. Thiele 


Emission Spectra, 1898. 

Etude de quelques radiations par * 
la spectroscopie interf6renticlle, 
(Read Jan. 31.) 


Ueber die ultravioletten Funken- 
spectra der Elemente. XI., XTI., 
XIII., XIV. Mitth. (Read Feb. 10, 
July 7, Dec. 15.) 


Prof.s. C. Runge and F. Paschcn’s 
Researclics on the Spectra of 
Oxygen, Sulphur, and Selenium. 
(Feb.) 

On the Arc Spectra of the Plati- 
num Group. I., II. (Feb.) 

Beobachtungen iiber Absorption 
und Emission von VVasserstoff 
und Kohlensaure iin ultraroten 
Spectrum. (March.) 

Sur le spectre ct la nature du 
n6odynie. (Read April I.) 


Sur los radiations 6rai.<cs par lo 
thorium et ses composC^^. (Read 
April 23.) 

The Arc-spectrum of Vanadium, 
(April.) 


Arc‘spectra of Zirconium and Lan* 
thanum. (May.) 

On a new Constituent of Atmo- 
spheric Air. (Reml June 9.) 


Recherches spectrales sur Pair 
ntmo.sph6riquc. (Scaled piicket 
deposited May 11, 1890; Oi^eued 
and read June 13, 1898.) 

Sur Tetude des radiations du 
niercure, et la me.sure do lours 
longueurs d’ondc. (Read Juno 13.) 

On the Companions of Argon. 
(Read June 10.) 


Resolution Into Series of the Third 
Ban<l of tlie Carbon Bund Spec- 
trum. 


C. R.* exxvi. 407-410; 
‘ Nature,’ Ivii. 359 (Abs.) ; 
‘ Science Abstr.’ i. 247 ; 
‘ Beibliitter,’ xxiii. 29-30 
(Abs.) 

‘ Sitzungsb. Akad. Wien,’ 
evii. 102-200, 792-812, 
813-837, 1335-1380; 

‘Wien. Ariz.’ 1898, 182 
(Abs.) 

‘ Nature,’ Ivii. 320-321. 


‘Astrophys. J.’ vli. 93- 
113, 173-197. 

‘ Ann. Phys. ii. Chem.’ 
[N.F.] Ixiv. 584-001. 


* C. R.’ exxvi. 1039-1041 ; 
‘Chem. Centr.’ 1898, I. 
101 (Abs) 

‘ C. R.’ exxvi. 1204. 


‘AstroiJiys, J.’ vii. 273- 
291; ‘Beibliitter,’ xxii. 
841-812 (Aba.) 

‘ Aatropbys. J.’ vii, 373- 
389. 

* Proc. Roy. Soc.' Ixiii. 
405- 108 ; ‘ Chem. New.s,’ 
Ixxvii. 287 ; ‘ Nature,* 

Ivlii. 127-128. 

*a R.’ exxvi. 1689-1091; 

‘ Chem. Centr.’ 1898, II. 
82 (Aba.) ; ‘ Chem. News,’ 
Ixxvii. 288. 

‘C. R.’ exxvi. 1700-1708; 
‘Science Ab.str.’ i. 010; 

‘ Beibliitter,’ xxiii. 781 
(Abs.) 

‘ Proc. Roy. Soc.’ Ixiii. 137, 
410 ; ‘ Chem. News,’ 

Ixxviii. 12; ‘ Nature,* 
Iviii. 182-183. 

‘ Astrophys. J.* viii. 1-27 ; 
‘ Beibliitter,’ xxiii. 357 
(Abs.) 
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L. E. Jewell . 


i 

J. M. Edcr iind 
E. Valent a. i 


A. Schuster , 

W. Ramsay, M.W. 
Travers, and E. 
C. C. rwtly. 

U.Nasini, K. Ander- 
lini, and U. Sal- 
vador i. 

A. Kaliilme . 


J. Dewar 
R. S. Hutton . 


II. Erdmann . 

E. C. C. Baly 
Sir W. Crookes 

J. M. Eder and 
E. Valcnla. 

»» 

G. D. Llveing 


W. Ihimsay 


Emission Spmctra, 1898. 

The structure of the shading of j 
the II and K and some other lines I 
in the spectrum of the sun ^nd , 
arc. 


Spcctralanal 3 *se dei* ijeiichtgas- 
tlamme. (Head Julj’’ 7.) 


Tebcr das Funken.spcctrum dcs 
Calciums und des Lithiums, und 
.seine Verbreitenmtis und llin- • 
kelirunghcrscheinuiigen. (Read . 
July 7.) 

The Spectrum of Met argon. (July.) | 


The*^; jctrum of Metargon. (July.) | 


'rcrrcstrial Coronium. (July.) 


Ueber die Spectra eiuigrrElcmentc 
bei der .sletigen Gliniment- I 
ladunu in (lei.ssler’.schen Hbhreii, | 
und die Abluingickiut der Licht- 
strahlung von Strom.starkc und 
■ Druek. (July.) . 

Metargon. (Aug.) | 

, The CoiuiiouikI Lino Siiectruin of j 
H^’drogeii. (Sept.) , 


Ueber die farbige Abbildung der | 
Kinissionsspcctra. (Sept.) j 

Helium in the Atmosphere. (Sept.) 
Hcliuiii in the Atmosphere. (Oct.) ‘ 


Ueber das rothe Spectrum dcs 
Argons. (Read Oct. 2-L) 


I Vorliiufigo Mittlieilung uber das 
I Spectrum des Chlors. (Read 
: Nov. 17.) 


On the Flame-spectrum of Mcrcuiy, > 
and its bearing on the Distribu- 
tion of Energy in Gase^^ (Read 

i Nov. 28.) ’ 

' 1 


The Sx^cctrumof Krypt 


‘ Johns Hopkins iJniv. 
Circ.’ xvii. ; ‘Astro- 
phys. J.’ viii. 51-5:i ; 

* Reibliltter/ xxiii. 359- 

3G0 ( Abs.) ; ‘ Nature,’ 

Iviii. 280 (Abs.) 

‘ Denkschr. Akad. Wien,* 
Ixvii. 12 ]ip. : ‘ lieibliitter,* 
xxiii. 251-202 (Abs.) 

‘ Denkschr. Akad. Wien,’ 
Ixvii. 11 pp. ; ‘Chem. 
Centr.’ 1898, II. 1118 
(Abs.); ‘ Heibhitter,’ xxiii. 
2.50-251 (Abe.) 

* Nature,’ Iviii. 19‘.>, 2G9-. 
270 ; ‘ Beibhittor,’ xxii. 
513-511, 772-773 (Abs.) 

‘Nature,’ Iviii. 245-21G; 
‘ Bciblatter,’xxii. 772-773 
(Ab.s.) 

‘ Chem. News,' Ixxviii. 43 
(from the ‘Times’ of 
July 20); ‘ Beibliitter,* 
xxii. 812 (Abs.) 

‘Ann. Ph)s. u. Chem.* 
|N.F.], Ixv. 81.5-848; 
M. ('hem. Soc.’ Ixxiv. II. 
519 (.Abs): ‘Science 

Abstr.* ii. 14. 


‘Nature,’ hiii. 310. 

‘ Phil. Mag.' [5], xlvi. 33S- 
343; ‘J. Chem. Soc.’ 

Ixxvi. Jl. 3 (AKs.); 

‘ Cliom. Centr.’ 1899, 1 
12 (Abs.) 

‘ Naturw\ Rundschau,* xiii. 
4G5-4G7. 

‘ Natme,’ hid. 515. 

‘Nature, Iviii. 570; 
‘ Cliem. News,’ Ixxviii. 
198-199. 

‘ Monatsh. f. Chem.’ xvi. 
893-895; ‘ J. Chem. Soe.* 
Jxxiv. II. 2-4 (Abs.) 

‘Wien. Am: 1898, 252- 
•>. 5 . 5 - 


‘ Proc. Phil. Soc. Cam- 
bridge,’ X. 38-48; ‘ Bei- 
bhitter,’ xxiii. 781 (Abs.) ; 
‘ Nature,' lix. 1 42 (Abs.) 

Nature,* lix. 63. 

M 2 
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Ji Trowbridge 


15 . Demar^ay . 


P. Curie, Mme. 
Curie, and O. 
licuiont 


E. S. Ferry . 


J. M. Eder and 
E. Valeiita. 


Mme. S. Curie 


A. Schuster and G. ^ 
Hemsalcch. ' 


J. W. Uichards 


J. M. Eder and 
E. Valenta. 

L. E. Jewell . 

C. Fabry and A. 
Perot. 


A. Perot and C. 
Fabry. 

C. Runge 


W. W. Campbell . 


Emission SpijIctba, 1898, 1899. 

Some Results obtained with a ! 
Storage Battery of Twenty Thou- | 
sand Cells. (Address at a meeting I 
of the Ainer. Acad. Dec. 14.) j 

Surlc spectre d’une substance radio- j 
active. (Read Dec. 2(».) ( 


Sur une nouvelle substance forte- 
luent radio-active contenue dans 
la pechblende. (Read Dec. 28.) 


A Photometric Study of the S])ectra 
of Mixtures of Gases at Low Pres- 
sures. (Dec ) 

Die Spectren des Schvvofels. 
(* Dcnkschr. Akad. Wien,’ Ixvii. 
97-151.) 


1899. 

Les rayons do Rccqucrel ct le 
Polonium. (Jan.) 

The Constitution of the Electric 
Spark. (Read Feb. 2.) 


Nolo on the Spectra oC Hydrogen. 
(Feb.) 


Da.s Spectrum des Chlors. (Read 
April ) 

Notes on the Papers of Hartley and 
Raii'ji ■!! Cl incoming the Spectrnin 
of (ijslli'im and the Spectra of 
Meteorites. (Ajiril.) 

Sur line .source intense de Inmicro 
monochromatique. (Read May 8.) 


Sur Talimentation des tiibe.s de , 
M. Michelson par divert^es sources i 
filectriques. (Read May 15) I 

On the Red End of the Red Argon 
Spectrum. (May.) | 


A Comparison of the Visual Hydro- i 
geii Spectra of the Orion Nebula . 
and of a Gcissler Tube. (May.) ‘ 


‘Proc. Phys. See.* Xvil. 
(i.i 1-66.3 ; ‘ Nature,* Ixii. 
;125-:J27. 


‘C. R.* cx.xvii. 1218; 

‘ Chem. Contr.* 1900, 1. 4 
(Abs.) ; ‘ J. Chem. Soc.* 
Ixxviii. II. 83 (Abs.); 
‘ Chem. News,’ lx.\ix. 13. 

‘C. R.* cxxvii. 1215-1217 ; 
‘ C’hem. News,* Ixxix. 1-2 ; 
‘ Nature,’ lix. 232 (Abs.) ; 
‘ Science Abstr.* ii. 280. 

‘ Phys. Review,* vii. 296- 
306 ; ‘ lleibhitter,* xxiii, 
2.11 (Abs ) 

‘ Beibliltter,’xxii 773(Abs.) 


* Rev. gun des Sciences,* 
X. 1 1 -.50 ; ‘ Chem. News? 
Ixxix. 77-78 (.Vbs ) 

‘ Proc Roy. Soc.’ Ixii 
.331_;j.36; ‘Natuie,’ lix 
350-3.52: * Chem. Now.s, 
Ixxix. 62-61. 

‘ Amcr. Cliem. J.’ x.xi. 
172-171; ‘('horn. Ccnlr.* 
1899, 1. 6.59 i^Abs.); * J. 
(.'hem. Soc.' l\.xvi. II. 
266 (Abs.) ; * Chem. 

News,’ Ixxix. 159-160. 

‘ Denk.sohr. Akad. Wien,’ 
lx\iii. 437-1 17. 

* Astrophys. .1.’ ix. 229- 
230; ‘ Reihlatter,’ xxiii. 
789 (Abs ) 

‘C. R.* cxxvii i. 1156- 

1158; ‘tj. (Jhem, Soc.* 
Ixxvi. 11. 261 (Abs); 
‘ Science Abstr.* ii. 659. 

‘C. R.’ cxxviii. 12*21- 
1223 ; * Science Abstr.* 
ii. 508. 

‘Astrophy.s. J.* ix. 281- 
283 ; ‘ Science Abstr.’ ii. 
823; ‘ Boibliitter,’ xxiii* 
780 (Abs.) 

‘Astrophys. J.* ix. 312- 
316; * Beibliitter,’ xxiii. 
793-794 (Abs.) 
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Exncr and E. 
Haschck. 


J. iM. Edcr and E. 
Valent a. 


G. A. Hemsalecli . 


C. llunj'o 


E. r. Lewis . 


R. Nasini, Y. An- 
derlini and 11. 
Ealvadori. 

Sir J. N. liOckycr . 

A. Wiillncr . 

B. Hassclbcrg 

H. Lehmann . 


I^Missrox Spectra, 1890. 

Ueber die nltraviolettcn Funken- : ‘Sitzungsb. Akad. Wien.’ 
spectra der p]lemonte. XV. (Read i cviii. Tl.a, ; 

June 15.) * Beibliltter,’ xxiv. 100- 

110 (Abs.) 

Uebor die ultraviolet ten Funken- ■ ‘Sitzungsb. Akad. Wien, 

r-\iii. Il.a, 1071-1121, 
112:1-1151, 1252-1256; 

‘ Science Abstr.* ii. 782- 

7s:{. 

Denksebr. Akad. Wien,’ 
Lwiii ol'3-6:i0; * Rei- 
bliitter,’ .\xiv. 260-2t)2 
(Ab^. ) ; *,J. ('honi. Soc.’ 
IwMii. II. :130 (Abs.) 

‘C. R' cxxix. 285-288; 
‘.I. de Phys.’ pi], \iii. 
C52-r»(>0; * Bdbliltter,' 

xxiii. 1050-1051 (Abs.) 

‘ Nature/ lx. 860 (Abs.) 

• Science Abstr/ ii. S.58. 

'Astro])bys. J.’ x. 78-70; 
‘ Heibliitter/xXiv.lOS- 10b 
(Abs.); ‘Science Ab.str/ 
iii. 20. 

‘Blit. Assoc. Rep.* 1800, 
6C0-6C1. 


‘Ann. Pbys. n. rbem.’ 
fN. F.], Ixix. :i08-425; 

‘ J. Clicm. Soc.’ Ixxviii. 
II. 1-2 (Abs.); ‘Nature,’ 
l\i. V:i (Abs.) 

‘ Bend. R.Accad d.Lincei’ 
[.5], Niii. II. 260-271; 
spot tro deir argo. (Head Nov. 10.) ; ‘tiazz. cbiin. Ilal.’xxx. T. 

; 180-101; ‘J. (.'hem. Soc.’ 

Ixxviii. 11. 181 (Abs.); 
‘ Beibliitter/xxiv.259-260 
, (Abs.) 

Note on the Spectrum of Silicium. ' ‘Proc. Rov. Soc.’lxv. 440- 
(Read Nov. 211) B51 ; ‘ Nature,’ Ixi. 262- 

26:i; ‘ Iteibliitter/ xxiv. 
i ‘262 (AKA 

Ueber die Spectra dor Canalstralilen ‘ ‘Pliys. Zidischr.’ i. 182- 
! und dcr Catbodenstrablen, (Pec.) 181; ‘Science Abstr/ ii. 

: 581. 

Untcrsuchungen iiber die Spectra , ‘Beibbittor/ xxiB. 681 
der Metallo ini electriseben Flam- ' (.Mis ) ; ‘ A.stropbys. J.’ x. 
' menbogen. V. Spectrum des | 818 861 ; ‘ ScicnceAbstr/ 

Vanads. (‘llandl. Svensk. V('t. iii. :K'8. 

Akad/ xxxii. No. 2, 82 pp.) 

Dio ultrarot cn Spcctren dcr ' ‘ Bcibliittcr/ xxv 27-28 
Alkalicn. (‘ Arch. f. Wiss. (Abs.) 

Rhotogr/ ii. 21(5-222.) 


.sjx'ctra d(T Elcrnente. XVI. 
XVII. (Bead June 15.) 


Das Spectrum des Broms. (Bead 
July 6.) 


Sur les spectres des deebarges 
oscillantes. (Bead July 31 .) 


The Spectra of Krypton. (Aug.) . 


The Spectral Sensitiveness of Mer- 
cury in an AtmosjJiere of Hydro- 
gen, and its intluenci* on the 
sp<'ctrum of the latter. (Sept.) 

Ueber den Einiluss kleiner Beimcn- 
gmigen zu einem (lase auf dessen 
Spectrum. (Oct.) 


Sopra alcuno riglie non luai osst‘r- 
\ate nella rogioiu* ultraro.ssa dt*llo 
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L. Kammel . 


B. l*ribram . 


F. Exner and E. 
Haschck. 


C. Fabry and A. 
Perot. 

A. L‘n1'‘rd»cr„ and ' 
C. Kmgel. 

R. Ilassclbcrg , 

E. Goldhtcin . 

V. Schumann 

W. Muthmaun and 
E. Bauer. 

C. C. Schenk . 

W. li. Huff . 

G. A. Hcmsalech . 


REPORT — 1901. 

Emission Spkctba, 1899, 1900. 

Tlio Spectra of Oxygen, Sulphur, * Beibliitter,’ xxiv. 180 
and Selenium. (* Trans. Hoy. Soo. (Abs.) 

Victoria [2], xii. 11~17.) 


1900. 

Uebci das Austriuni. (Read Jan. 4.) 


Uebcr die altra\ioktten Funkon- 
spootra dor Eloiuente. XVIII. 
Mitthoilung [Skandium,S«amarium, 
und Gadolinium.] (Read Feb 1.) 

Sur la constitution des raies ja lines 
du sodium. (Head March 5.) 


Ti'bcr das Kr}'pton. (Road ! 
March 22.) 


! Xote sur les spectres des d (‘charges ' 
j oscillantes. (March.) 

! Ueber Spectra von Gasgemengen 
; und von Entladungshilllen. (Read 
1 May 11.) 

I A si'cond Spectrum of Hydrogen 
t be} ond A = 1 85 (May.) 

Einige Boobacht ungen Tiber Lumin- 
esocnzspcctrcn. (Read June .5 ) 


Some Properties of the Electric 
Spark and its Spectrum. (.lune.) 

The Spectra of Mercury. (June.) 


I 


(jcber <laa Bandenapectrum des 
Aluininium.s. June.) 


* Sitzungsb. Akad. Wien/ 
c 1 X. 1 1, a, 1 (> .. 2 J ; 
‘ Monatsh.* f. Chem. xxi. 
1 18-155 ; * Chem. Centr/ 
1900, I. :m (Aba.); ‘J. 
Chem. Soc.’ Ixxviii. II. 
347-318 (Abs.) 

‘ Sitzungsb. Akad. Wien/ 
cix. Il.a, 103-1()9. 


‘C. 11/ exxx. 653-G:,5; 
‘ Beiblatter,’ xxiv. 074 
(Abs.) ; * Nature,’ Ixi. 483 
(Ab^i.) ; * Scionc-c Abstr.’ 
id. 370. 

‘ Sitziiiigsb. Akad, Berlin.’ 
1900, 212-217; ‘(’hem. 
Centr.’ 190(1, I. 915-916 
(Abs.) ; ‘ Chem. News,’ 
Ixxxi. 20.V207. 

‘ J. d(* Phys * [3], ix. 153 
15.5 ; ‘ Beiblatter/ x.xiv. 
172 (Abs.) 

* \'^orh. Beutsch. Phys. 
Ge&ellsch/ li. 110-112. 


‘Astrophys. J.’ \i. 312- 
313 ; ‘ Bcibliilter/ xxiv. 
910 (Abs.) 

‘Bor.’ xxxiii. 1748-1763; 
‘ Chem. Centr/ 1900,11. 
233-234 (Abs ) ; ‘ Bei- 
bhittcr,’ xxiv. 1126-1127 
(Abs.) 

* Jolins Hopkins Univ. 
Circ/ xix. 63-64. 

‘ Johns Hopkins Univ. 
(Ure.’ xix. 62; ‘Astro- 
lihys. J.’ xii. 103-119; 
‘ Beiblatter,’ xxiv. 129.3 
(Abs.) ; ‘ Science Abstr/ 
iii. 950-961. 

‘Ann. der Phys.* [4], ii. 
331-334; ‘Science Abstr.’ 
iii. 690; ‘Nature/ Ixii. 
.336 (Abs.); ‘Chem.Centr/ 
1900, II. 86 (Aba.) 
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Emission Spectra, 1900. 

B. Dcmarcay . . Sur Ic spectre du radium. (Read * C. R.* oxxxi. 258-269 ; 

July 23.) ‘ Beibliittcr/ xxiv. 1121 

(Abs,); *J. Chem. Soc, 
Ixxviii. 11. 680 (Abs.) 

„ . Sur le cradolinium. (Read July 30.) ‘C. R.’ cxxxi. 343-315; 

■ Ohera. (Jentr.’ 1000, II. 
657 (Abs.) ; ‘Chcni. News,* 
Ixxxii. 97-98. 

F. Exnor and E. Note on the Spectrum of Silicon. ‘ Astrophy.*?. J.’xii. 48-49; 
llnsciiek. I (.July.) ‘ Science Abstr.’ iii. 950. 

I 

E. llcnian;ay . . i Sur qncbpies noiiveaux spectre.s ‘ C. R.* cxxxi. 387-389 ; 

I des terre.s rares. (Head Aug. 0.) ‘ J. Chem. Soc.' Ixxviii. 

1 II. 05(5 (Abs.) ; ‘ Science 

, Abstr.’ iii. 8.51 ; ‘ Chem. 

* News,' Ixxxii. 127. 

C. J. Rollcf.<on . ! Spectra of Mixtures. (Aug.) ‘Phys. Review,* xi. 101- 

i lOi. 

C. Riingo . . Ceber das Sj)cctrnm dcs Radium.*?. ‘ Ann. dcr Phys.* [4], iii. 

712-715; ‘Nature/ Ixii. 
508 (Abs.) : ‘ Scicnco 

I Abstr.’ iii. 853-854, 

I 


J. Trowbridge . ' The Spectrum of Hydrogen and i ‘Amor.J.Sci.’[4],x.222- 
t he Si)ec(rnni of Aciueous Vapour. ! 230; ‘Nature/ Ixii. 5(iK 

i (Sept.) ! (Abs.) ; ‘ Piiil, Mag.’ [5], 

.1. 338-317; ‘ J. Chem. 
Soc.’ l.xxviii. 11. 701 

(Abs.) 

II. (Tow . . On tbc Arc Spectra of some Metals ‘PhU. Mag.’ [5], 1. 4 Oj- 
as inlinenced b van Atmosphere uf , 50.); ‘ Astrophys. J.’ xii. 

Hydrogen, (O'ci.) 107-1 7.5; ‘Nature/ Ixiii. 

; ,111 (Abs.); ‘Science 

' Abstr.’ i\ . 24. 

H. Kav.'=«cr . . ’ Norraalen aus dcin Hogcnspectrum ‘Ann. der Ph3's/ [1], ii. 

; desEisens. (Oct.) ' l.t.5-203. 

Sir J. N. Lockver . • Note on t tie Spectrum of Silioium. ! ‘Proc. Roy. Soc.’ Ixvii. 

I (Head Nov 2.) ■ 402-409: ‘ (’born. Centr. 

i ^ I 1901, 1. 4.30 (Abs.) 

W. Rninsav and Argon and its C’ompanion.s, (Headj‘Proc. Roy. Soc.’ Ixvii. 
M, W. Travers. Nov. 15.) - 329 -.53.5 (Abs.) 

E. Domareay. . ! Sur les spectres du .‘samarium et ; ‘ C H/ cxxxi. 096-.998; 

dn gadolinium. (Head Dec. 10 ) ' ‘ Heiblatt or. xxv.l 93-194 

' ' (Abs.); ‘(Miein. News/ 

I Ixxxiii. 11 (Abs.) 

> ‘PiTc. Roy. Soc.’ Ixvii. 

I 10.7- 4 74 ; ‘ Chem. News/ 

, Ixxxiii. 1-2, 13-16 ; 

■ ‘Nature/ Ixiii. 189-190 
: (Abs.) 

I * Physikal. Zeitschr/ ii. 

1 180-181 ; ‘ Bcibliittcr/ 

[ xxv.38-39(Abs.);*Cheni. 

News/ Ixxxiii. 77-78 ; 
' ‘ Science Abstr.’ iv. 225. 


G. D. Livcing and On the Spec! rum of tlioinore Vola- 
J. Dewar. tile Gases of Atmo'?plieric Air, 

which are not. condensed at the. 
Tom])eratiire of Liquid Hydrogen. 
PreliminaryNoticc. (Read Dec.l 3.) 

G. Bcrndi . . Hebor die Spectra von Radium 

I und Polonium. (Dec.) 
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Emission Spectra, 1900— Absorption Spectra, 1898. 

W. N. Hartley . Spectrum of Cyanogen. ‘ Proc. Roy. Soc. Dublin,* 

ix. 289-297. 

II. Lehmann . . Die ultraroton Spoctren. (Froi- ‘ Beibldtter,* xxiv. 1119- 

burg i. B. Univ. Buchdr, Chr. 1120 (notice.) 

Lehmann Nachf., 13 pp.) 


ABSORPTION SPECTRA. 

1891. 

G. Kriiss and E. Uober die Losungzustand des Jod, j ‘ Zeitsohr. f . anorg. Chem.* 

Thiele. und die wahr.scheinliche Ursache i vii. o2-81 ; ‘J. Chem. 

der Farbenunterachiede seiner j Soc.’ Ixvi. IT. 415-416 

Losungen. (.)an.) i (Abs.) 

1897. 

G. Dimmer . . Uebor die Absorptionsspectren i * Sitzungsb. Akad. Wieu.* 

von Didi’msulfat und Neodym- I cvi. Il.a, 1087-1102. 
ammonnitrat. (Read Dec. 16.) i 

1898. 

D. F. Harris . . Some Contribiition.s to the Spectro- j *Proc. Roy. Soc. Edin,* 

scopy of TI.i ■•.. and its ' xxii. 187-208, 

Derivatives. l\ i . 7.) 

W. N. Hartley and ThelJltra-violet Absorption Spectra 1 ‘J. Chem. Soc.’ Ixxlii. I., 
J. J. Dobbie . of some Closed-chain Carbon Com- ; .5l)S-.606; ‘Chem. Nows,* 

, ijound.s. (Read Feb. 17.) Ixxvii. 103 (Abs.) ; ‘ Na- 

I t lire,’ 1 vii, 430 (Abs.) 

„ . Notes on the Absorption Bands in ‘J. Chem. Soe.’ Lxxiii. 1. 

I ho Spectrum of Benzene. (Read , 695 697; ‘Chem Centr.’ 

J899,I. 198-199; ‘Chem. 
News/lx.wii. 103 (Abs ) ; 
‘ Science Abslr.* ii 739. 

‘C R.' exxvi. 835-838; 
* Chem. Centr.’ 1898, I. 
879 (Abs.) ; ‘ Chem. 

News,’ Ixxvii. 147-118 
(Abs.) 

‘ C R.’ exxvi. 900-901 ; 
‘Chem Centr.’ 1898,1. 
983 (Ab.s.); ‘Chem. 

News,’ Ixxvii. 19;>. 

‘Proc. Roy. Soc.’ Ixiii. 
.389-396; ‘J. Chem. 

Soc.’ Ixxvi. II. 540 (Abs.) 


‘ Ann. Phys. u. Chem. 
[N.F.], Ixiv. 584-601 ; 
‘ Nature,’ Iviii. 93 (Abs.) 


*Berl. Klin. AVochonscli. 
XXXV. 283-285; ‘Chem. 
Centr.* 1898, I. 1002, 
(Abs.) 


Feb. J7,) 


G. Urbain , . Sur une nouvello m5thode de frac- 

tionnement des terres yttiuiues. 
(Read Mar. 14.) 


0, Boudouard , Sur le n^odymo. (Read Mar, 21.) 


C. A. Schunok . A Photographic Tnvc^ti^ration of 
the Absorption Spectra of Chloro- 
phyll and its Derivatives in the 
Violet and Ultra-violet Region of 
tlie Spectrum. (Read Mar. 24.) 

H. Rubens and E. Boobachtungen uber Absorption 
Aschkinass . und Emission von Wasserdampf 
und Kohlensilure im ultrarothen 
Spectrum. (March.) 

V. Arnold . Ueber die Heller’sche Probe ziim 

Nachweis des Blutfarbstoffcs im 
Harn. (March.) 



ON THE BIBLIOGRAPHY OF SPECTROSCOPY. 


169 


PJ, Demar<?ay , 

R. Zsigmondy 

E. A'lgstrum . 

A. Etard and 
Bouiliiac . 

U. von Zcynek 

G. D. Livcing 

E. Dcnsscn . 

S. Fursling . 

K. Ibson 

G. J. Katz 

O. von Scbcele 

IL Krcuslor . 

P. Baccei 


Absorption Spectra, 1898, 1899. 


Sor le spectre efc la nature du 
iieodyme, (Read April 4.) 


Ueber wiisserige Lusungen metal- 
lischen Goldes. (April.) 


Om absorptions fermogcn bos cn 
sotadytii. (Head May 11.) 


Pr6sence des cbloropbylles dans un 
Nostoc cultiv6 a Tabri de la 
luiniere. (Read July 11.) 

Ueber da.s Uamocbroinogcn. (July.) 


On tbe Variation of Intensity of j 
tbc Absorption- Bands of difTerent ' 
Did y niiuni Salt .s dissolved in water, j 
and its bejiring on the Ionisation i 
Theory of tbo Colour of Solutions 
of Salts. (Read Nov. 2S) ' 

Ueber die Ab.soi*[^tion des Uranyl- 
salzc. t^ec.) ] 


Om praseodidyms .spectra. 


‘C. R.’ exxvi. 1037-1041; 

‘ Beibliittcr,' xxiii. 401 
(Abs.); ‘J. Chem. Soc.’ 
Ixxiv. ir. 518-619 (Abs.); 

‘ Chem. News,* Ixxvii. 
219-220. 

‘Ann. Chem. ii. Pharm.* 
ccci. 29-64; ‘J. Chem. 
Soc.’ Ixxiv. II. 622-523 
(Abs.) 

‘ Oefvers. af K. Vet. 
Akad. Forh.* Iv. 283- 
295 ; ‘ Beibliitter,* xxiii. 
97-98 (Abs.) 

‘C. R* cxxvii. 119-121; 
‘Chem. Centr.’ 1898,11. 
493-494 (Abs.) 

‘ Zeitschr. f. physiol. 
Chem.’ XXV. 492-600 ; 
‘ Chem. Centr.’ 1898, II. 
122-123 (Abs.); ‘J. 

Chem. 8oc.’ Ixxiv. I. 
720 (Abs.) 

‘ Proc. Phil. Soc. Camb.’ 
X. 40-44 ; ‘ Science 

Abstr.’ ii. 379-380 (Abs.) ; 
‘ Nature,’ lix. 142 (Abs.) 


Kin Bcitrag zum Bliitnachweis. 
(Vierteljabrsehrift fiir gericlit. 
Med. 1898, 111.) 

Vorscbiebuiig dor Absorptions- 
stroifon in \ersehiedenen Lusungs- 
initteln. (Inaug. Diss. Erlangen, 
33 i)p.) 

Ueber Praseodidym nnd dc'^.scn 
wichtigste Verbindungen. 


‘ Ann. Phys. u. Chem.’ 
[N.F.]. Ixvi. 1128-1148; 
‘ Nature,’ lix. 347 (Abs.) ; 
‘ Science Abstr.’ ii. 78. 

‘Bihang till K. Vet. 
Sven>k. Akad. Handl.’ 
xxii. I. No, 5, 20 pp. 

‘ Chem. Centr.’ 1898, I. 
417-118 (Abs.) 

‘ Beibliitter,’ xxii. 774-775 
(Abs.) 


‘Zoilsohr. f. anorg. 
Cliem.' x\ii. 310-320; 
‘,T. Chem. Soc.* Ixxiv. 
II. 519-520 (Abs.) 


1899. 


! Eine rinfache Methodo fiir die 
Umkehrung des Nalriumspectrum. 
(Jan.) 

Snllo ‘ spettro di ossorbimento dci 
gas. (Jan.) 


‘ Chem. Zeitung,* xxiii. 
37; ‘J. Chem. Soc.’ 
Ixwi. II. 717 (Abs.) 

*Il Nuovo Cimento’ [4], 
ix. 177-191 ; * Beibliitter,’ 
xxiii. 635-636 (Abs.) ; 
‘Science Abstr.’ ii. 603. 
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Absorption Spectra, 1800. 

A. Dastre and N. | Contributions i\ Tetudc des cliloro- ( ‘ C. R/ cxxviii. .898-400; 
Floresco . . ‘ pliylles animales. Chloropliyllo | ‘J. Chem. Soc/ Ixxvi. 

du foie des invertebros. (Read II. 117 i (Abs.) 

Fob. 13.) 

W. N. Hartley and AStndy of the Absorption Spectrum ' J. Chem. Soc.' Ixxv. T. 
J. J. Pobbio . of Isatin, Carbostyril, and their (JIO-OOl; ‘ Proc. Chem. 

I Alkyl Derivatives, in rohition to Soc.’ 47-i.S (Abs.) ; 

i Tiiutomerisiii. (Read Feb. U».) *Chcni. News,’ Ixxix, 

1 101, (Abs.); ‘ Chcra. 

1 , eVntr.’ 1800, I. 788- 

! ' 7S1) (Abs ) 

I 

W. N. Hartley . | On the Absorption Spectrum and i ‘ Proc. Chem. Soc.* xv. 

I Constitution attributed to Cyan- ; 40-47 (Ab.s.); ‘Chem. 

uric Acid. (Read Feb. 10.) ' News,* Ixxix. 1 01 (Abs.) ; 

I ‘Chem. Centr.' 1809, I. 
j 784 (Abs.) 

A. Etard . . j Lcs chlorophyllcs. (April.) ‘ Ann. Chini. et Phys.* [7], 

I xiii. r){j0-574. 

C. A. Sohunck . I Yellow Colouring ^Matters accom- ‘ Proc. Roy. Soc.* Ixv. 177- 
i panying Chlorophyll, and then ISC); • ,J. Chem. Soc.’ 

Spectre hscopic Relations. (Read lx.\.x\iii 11. 30-37 (Abs.) 

May 38) 

G. D. Liveing . On the Intiuenee of Dilution, Tern- ‘ J. Chem Soc.' Ixxviii, 
porature, and other circumstaiic(‘s li. (Abs.) 

I on the Absorption Spectia of 
! Didyiiiinm and Erbium Salts 
; (Read June 0.) (‘Trans Phil. Soc. 

Cambridge,' x\iii. 208-315.) 

A. Wynter Blyth. . | The Tltra- violet Ab.s()r|)lion Spectra • J. Chem. Soc.* Ixxv. 

of Albuminoids in relation to that 1 162-1 lOfi; ‘Proc. Chem. 
of Ty rosin. (Read June 15.) Soc ' xv. 175-170 (AKs.) ; 

‘Chem. Centr.’ 1800,11. 
2.57 (Abs.) ; ‘ Chem. 

News/ Ixxx. l\2 (Abs.) 


W. N. Hartley, • Report on the Relation between ‘Brit Assoc. Report,’ 
F. R. Japp, and the Ah.sorption Spectra and • 1800, 316-358. 

J. J. Dobbie. C-hemieal Constitution of Orj'anic 

Substances. (Interim Report.) 

(Sept.) 1 

W. Muthmann anfl Bcitriige zur Spcctralanalyse von ' ‘ Tier.’ xxxii. 2fiB3_2ri77 ; 
L. Stiitzel. Ncodvin und rrahcodym. (Heart ■ ‘Oliein. Centr.’ 1800, II. 

Oct. 4.) ' !t:il-o:i:i (Alw.); ‘j. 

I Chem. Hoc.* Ixxviii. 11. 

I 18-10 (Abs); ‘Bci- 

blatter,* xxiv. 478 (Abs.) 

L. Puccianti . . Ueber die Absorptions.spectrcn der ‘ Phys. Zeitschr/ i. 49-62 ; 

KohlenstolTvorbiiidungen im ; ‘ J. Chem. Soc.* Ixxviii. 
XJltrarot. (Vorliiufige Mitthei- j II. 585 (Abs.) 

lung.) (Oct.) 

G. D. Liveing . On the Influence of Temperature I ‘Proc. 1‘hil. Soc. 0am- 
and of Variou.s Solvents on the | bridge,* x. 213-214; 
Absorption Spectra of Didymium ' ‘ Science Abstr.* iii. 530- 
and Erbium Salts. (Read Nov. 531 ; ‘ Nature,’ Ixi. 214- 
27.) ! 215 (Abs.) 
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Absorption Spectra, 1899, 1900. 

S. Forsling . . 1 Om Absorption.sepectraliosErbi\iin, j ‘Biliang till K. Vet. Akacl. 

llolraium och Tlmlinm. llandl.’ xxiv. I. No. 7, 

I Ilf) pp. ; ‘ I'eibliitter,’ xxiv. 
477- 178 (Abs.) 

G. Bode. . . Uolh:r Phylloxanthin. (‘ Bot. ‘ Chcin. Ccntr.* 1899, II. 

C\*ntnilbl.’ XX. 227-2:i9.) 529 (Abs.) 

P. I'afcci • . Sullo spcttro di jis^orbimento dello ‘ T1 Nuovo Cimento * [4], 

mes(‘<»lanze pissose. ix 211-2.53; ‘ liei blatter,* 

xxiii. 030-037 (Abs.) 

V. Arnold . . Ein Beitrag ziir Spocfroscopie dos *Cboni. Ccntr.* 1899, II, 

Bbites. (‘Ccntr. incd. Wiss.’ 341 (Abs.); ‘.I, Chcm. 
xxxvii. 105-408.) Soc.’ Ixxviii. 1.127 (Abs.) 


1900. 

V. Arnold . . Uebor das iioutrale llam.Ttin- j ‘ Them. Ccntr.’ 1000, I, 

sfcctiuni. (‘Ontrabl. i\ nu‘d. • 209 (Abs.) 

Wiss.’ xxxvii. 833-830, 819-851.) ' 

\V. N. Hartley and The Absorjdion Spectra of Ani- ' ‘ .T. Cliera. Soc.* Ixxvii. I. 
J. J. Dobbie. HMHiia, M<‘tbylan)inc, lI}droxyl- 318-327; ‘ Pnjc. Chcm. 

amine, Ald(»xiii)e. and Acctoxiiue. Soc.’ x\i. 14-15 (Abs.); 
(Head Pcb. 1.) ‘Chcm. News,’ Ixxxi. 81 

(Abs.); ‘Cliein. Centr.* 
19(»0, 1. 5S1 (Abs.) 

E. Marchlewski . | Pin ll»»rnbin. ein neucs Herhat dcs ‘Bull. Akad. Cracow,* 

- C'hloiopliA lls. (Bead l*'i“b. 5.) 1903. 0)3.01; ‘Nature,* 

j Imii, 0>0 (Abs.) 

W. N. Hjirtley . Tlie Action of Heat on the Ab'-orp- ‘Trans. Roy. Soc. Dublin* 

ti«>n Spectra ami Chemical Con- [2], \ii 253-312; ‘Na- 
( stitution of Saline Solutions , lure,* Ixiii. 313 (Abs); 

I (Rend Feb 21.) ■ ‘ J. Clieni. Soc.’ Ixxx. 11. 

.53 (Abs.) 

W N. Hartley and I Spectrograpbic Studies in Tauto- ' * J. Chcm. Soc.' Ixxvii. 1. 

J J. Dolilne. i nuTi"m. 'Ibe Ab.'<oij»ti(»n Cune.s 198-509; ‘ Proc. Cbrni. 

I of the Ktbyl Kstei^ cf Dibeir/tnl- ! Soc.’ xvi. 57 58; ‘ Cbrm. 

! succinic Acid. (Read March 1 .1 Ccntr.’ P.HHt, 1. 750 (Abs.) 

M. Radais . . j Sur la culture jmre d’une nlguo C. K.’ exxx. 793-790; 

I \orte; foinuition de cblorepbylb* . ‘J. Cliein. Soc.* Ixwiii. 

j a robscurilc. (Read March 19.) i II. 302 (Abs.) ; ‘ Nature,* 

, j Ixi. 532 (Abs.) 

B. Glatzcd . . I llpstiiiiniung von Absorptions- ' ‘ Pby.s. Zeitsebr.* i. 285- 

j eoetlicicMiteu iin ultraviolet ten { 287: ‘ Beiblattcr,’ xxiv. 

: Spectra Igebieto. (May.) 470- 177 (Abs.) ; ‘Science 

! Abstr.* iii. 088. 

L. Puccianti . . ' Spotiri <U assorbiiuonto di liquidi , ‘11 Nuovo Cimento* [4], 

neir ultraro.sso. (Mav.) ' xi 211 -27S; ‘Beiblattcr,* 

i xxiv. 1122-1123 (Abs.); 
i ‘ Science Abstr.’ iii. 783. 

W. N. Hartley and ! The Ultra-violet Absorption Spcetr.a ' ‘J. Chcm. Soc.* Ixxvii. I. 

J. J. Dobbie. of some Clo.‘<ed-cbain Carbon J 810-850; ‘Proc. Chem. 

Compounds. II. Dimctbylpyra- i Soc.’ xvi. 129-130 (Abs.) ; 

zinc, Hexametliylcno, and Tetra- | ‘ Chem. News,* Ixxxi. 
‘ hydrobenzeiic, (Read June 7.) 307 (Abs.) 
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W. N. Hartley, J. 
J. Dobbie, and 
P. G. Palliatseas. 

L. l^rarchlcwski and 
0. A. Schunck. 

J. Form^nok . 

P. Lemoult 

Sir J. N. Lockyer . 

A. Mictho 

0. Camicliel , 

J. Formiinek , 

B. Glatzel 

B. Robert 

H. J. Mollcr 


Absorption Spectra, 1900. 

I A Study of the Absorption Spectra 
I of o-Oxycarbonil and its Alkyl- 
I derivatives, in Relation to Tauto- 
merism. (Road June 7.) 


Notes on the Chemistry of Chloro- 
phyll. (Read J une 2 1 .) 


Der Farbstoff der roten Reihe und 
I sein Absorptionsspectruin. (Oct.) 

i Relation entrc la constitution 
chimique des colorants du tri- 
pli^mylmethane et les .spectres > 
(Vabsorption de leurs solutions ; 
! aqueusos. (Read Nov. 19.) 

j Further Note on the Spectrum of 
j Silicium. (Read Nov. 22.) 

Photographische Platten ziir Auf- 
nahme von Absorplioiisspectrum. 
(Nov.) j 


I Remarques sur le Note <lo 1 
i Lemoult intitul6c : Relation entre i 
I la constitution chimique des > 
j colorants du triphenylmethane ot \ 
le.s spectres d’absorption de leurs 
solutions aqucuscs. (Read Deo. 1 U.) , 

Nachweis der Metallsalzc mittels 
der Ab.sori)tionsspoctralanaly.so 
unler Verwendung von Alkiinna. 
I., IL 


Quantitative ITntersuchungen iiber 
Absorption und Reflexion im 
Ultraviolctt. 


Beitriige zur Kenntniss des Mctbii- 
moglobiiie. 


Ueber gefiirbte Glaser. II. Dio I 
I spectralanalytisclie Untor.sucli- . 
i ung der Gliiscr (‘ Ber. Deutsch. | 
pbarm, Gesellsch/ x. 234-294.) ; 


‘J. Chem. Soc.* Ixxvii. I. 
839-815; ‘ Proc. Chem. 
Soc.’ xvi. 130-131 (Abs.) ; 

‘ Cliein. News,’ Ixxxi. 307 
(Abs.) 

‘J. Chem. Soc.’ Ixxvii. 
lOSO-1094 ; ‘ Proc. Chem. 
Soc.’ xvi. 148-149 (Abs.) 

‘ J. prakt. Chem.’ [2] Ixii. 
310-314; ‘ J. Chem. Soc.’ 
Ixxx. 35 (Abs.) 

‘C. R.’ cxxxi. 839-842; 

* Bcibhitter,* xxv. 36 
(Abs.) ; ‘ Chem. New.s,* 
Ixxxii. 290-291 ; ‘Nature.’ 
Ixiii. 124 (Abs.) 

‘ Proc. Roy. Soc.’ Ixvii. 
403-109. 

‘ Zcitschr. f. angew. Chora.* 
1900, 1199-‘>000; ‘Chem 
Centr’ 1901, 1. 12-13 
(Abs.) 

‘C. IV cxxxi. 1001-1002; 

* Chem. News,’ Ixxxiii. 
1 1 (A))s ) ; * BcihlUttcr/ 
xxv. 39 (Abs ) 


‘ Zeitschr. anal. Chem.* 
xxxix. 409-131, 073-993 ; 
‘('hem. Centr.’ 1900,11. 
711 (Abs.); ‘J. (Jhem. 
Soc.’ Ixxviii. II. 987 
(Abs), Ixxx 11. 128- 
129 (Abs.) 

‘ Phys. Zcitschr.* ii. 173- 
178; ‘ Bo ibl Jitter,’ xxv. 
35 (Abs.); ‘Science 

Ab.str.’ iv. 223-221. 

‘Arcli. f. d. gesammte 
Physiol.’ Ixxxii. 903- 
C3t); ‘Chem. Centr ’ 1901, 
J 51-52 (Abs.); ‘J. 
(9icm Soc..’ Ixxx. I. 242- 
213 (Ab.s.) 

‘Chem. Centr.* 1900, II. 
1289-1287 (Abs.) 
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IV. 

PJIYHICAL RELATIONS. 
1890. 

II. Tl’. Simon . | ITeber cin iieucs photographisclics 
' Pliotoiiictrirvorfaliren, and seine 
' Anwen<lung auf die Photoinetrie 
d(*s ultraviolet ten Spectralge- 
' bietes. 

1897. 


J, Widinark , 

i 

1 

1 

Oin griinsen f(3r det syjiliga s^jcc- ■ 
truni. (Read May 12 ) 

A. Koiiig . . ' 

! 

1 

Die Abhiingigkeit der Farbcn- und 
llelligkeitsgluhungcn xonderab- j 
soluten Intensitat. (Read July 
29.) 

D. Dijken 

Die Molecularre fraction und Dis- 
persion iinsserst verdiinntcr Salz- 
hisungeii unter Be^uck'^ichtigang | 
der Di.sMiciation. 

W. K.'.nig . 

Einfache I lemon.st ration dcs Zee- i 
inun'scheii Phanoineiis. 

IT. I’c<*(]lUTel . 

Sur une interpretation a]>i)licable 
an pheiiomi'ne <le Faraday et au 
])h(‘noiiiene de Zeeman. (Read 
N«.\. 5.) 

i 

T. Pre^tuIl 

j 

Radiation Plumoinena in a stron” 
Magnet ic Field. 1. (Uc;id Dee. 22 ) 

1 

It 

The Zeeman KiTeet photographed. 
(Dec.) 

11. Bccquercl. 

Explication do tpiclques experi- 
ences de M. CJ. le Bon. 

P. C'arnazzi . 

1 

Inlluenzadella pressione suU’indicc 
di rifrazionc dei ga^. 

T. W. Engolmanii . 

Tafeln und Tabcllen zur DarsteL 
lung der Ergebnis.sc spectroscop- 
ihchen u. spectrophotoiiietri.schen 
Bcobachtuiigcn. (Book, Leipzig.) 


1S98, 

A Perot and C. 
Fabry. 

Sur unc nouvellc methodc de spec- 
troscopic iiiterfijrciitieUe. (Read 
Jan. 3.) 


‘Ann. Phys. u. Chem.* 
[N.F.], lix. 90 ^ 115 ; ‘As- 
tropliys. J.’ V. C9-70 
(Abs.) ; ‘ Science Abbtr.’ 
i. 55. 


* Oef vers, af K. Vet. Akad. 
Forh.’ liv. 287-307 ; 

‘ Pcibliitter,* xxii. 673 
(Abs.) 

‘ Sitzungsb. Akad. Berlin/ 
1897, 871-882; ‘ Rei- 

bliitter/ xxii. 575-576 
(Abs.) 

‘Zeitsclir. f. physikal. 
Clu*Lii.‘ xxiv. 81-113; ‘ J. 
Cliom. Soc.’ Ixxiv. II. 1 
(Abs.) 

• Ann. Phvs. u. Chcm.’ 
[NF], l.xiii. 268-272; 

• Science Ab.str.‘ i. 131. 

. ‘C. n.'cxxv 1)79-685; ‘J. 

' de Phys.’ [3], vi. 681- 
68S : < Science Abstr.’ i. 

! 5t)-58 ; ‘ Nature,’ Ivii. 72 

, (Abs.) 

! * Tran.s. Roy. Soc. Dubl.’ 

[2 j \ i 385-392 ; ‘ Nature/ 

I 1\ ii. 239 (Abs.) ; ' Science * 

1 Abstr.’ i. 538. 

‘Nature/ Ivii. 173. 

• J. de Phys.’ f3], vi. 525- 
528 ; ‘Nature/ l\i. 619 
(Abs.) 

■ II Xuovo Oimento ' [4], 
vi. 385-100; ‘Bciblatter/ 
xxii. 661 (Abs,); ‘Science 
I Abstr.’ i. 383-384. 

; * Bciblatter/ xxii. 62-63 
' (notice). 


I * C. R.’ exxvi. 34-36 ; ‘ Na- 
I lure,’ Ivii. 263 (Abs.) ; 

‘ Bciblatter/ xxii. 567 
i (Abs.) 


1 
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Physical Relations, 1898. 


A, Cornu . * > Siir quelijncs rdsultats nouveaux 



relatifs au ph^nomene decouvert 
par M. le Dr. Zeeman. (Read 
Jan. 17.) 

T. Preston • 

On the Modifications of the Spectra 
of Iron and other Substances 
radiating in a Magnetic Field. 
(Read Jan. 20.) 

A. Cornu 

Additions A, ma note pr^cedente 
sur le phenomene de Zeeman. 
(Read Jan. 24.) 

P. Daude • 

Die optisclie Con.stanten des Na- 
triums. (Jan.) 

G. J. Burch , 

On Artificial Temporary Colour- 
blindness, with an Examination of 
the Colour Sensations of 109 Per- 
sons. (Read Feb. 17.) 

H. A. Lorentz • 

Optisclie Verschijnselcn die met de 
Lading cii de Mas.sa der lonrii in 
Verband stand. (Read Feb. 26.) 

P. Zeeman 

1 

^Vleasurnments concerning Radia- 
tion Phenomena in a Magnetic 
Field. (Feb.) 

G. Abati 

Ueber des Refi actions- nnd Dispor- 
1 dc.s Silicium.s in 

seinen Verumdungen. (Feb.) 

J. Stscheglayew . 

Ueber das Brcchung.svermr>gcn des 
mit Fliissigkciten getninkten lly- 
drophan.s. (Feb.) 

A. Gotten 

Sur les ex]jerionces d’Bgorotl ct 
Georgiewskv, el Texplication de 
Lorenz. (Feb.) | 

A. A. Michelson . 

Radiation in a Magnetic Field. ! 
(Feb.) ! 

i 

1 

E). Cavvallo . 

1 

Recherches de precision .sur la dis- j 
persion infra-rouge du quartz. [ 
(Read March 7.) 

R. A. Lchfelcit . | 

On the Properties of Liquid Mix- 
ture.s. Part II. (Rend iSIarch 11.) 

W. N. Hartley and ' 
U. Katnngc. 

A Determination of the Wave- 
lengths of the Principal Lines in 
the Spectrum of G:iUiuTn, showing 
their Identity with two Lines in 
the Solar Sx>ectrum. (Head March 
16.) 


‘0. R.* cxxvi. 181-lSG; 
‘ Nature,* Ivii. :H0(AbH.) ; 
‘ Science Abstr.’ i. 59. 


‘ Proc. Roy. Soc ’ Ixiii. 20- 
.'U ; * Reibliltter,’ xxiii. 

299-300 (Abs.) ; ‘ Science 
Ab.str.* i. 380. 

‘C. R.’ cxxvi. 300-301; 
‘ Nature, Ivii. 335 (Abs.) 

‘ Ann. Phys. u. Chem.’ 
[N.F.], Ixiv. 159-162 ; 
‘ J C9ieni. Soc.’ Ixxiv. II. 
273-274 (Abs.) ; ‘Science 
Abstr.’ i. 382. 

‘Phil. Trans’ cxci. 1-31; 
‘ Proc. Roy. Soc.’ Ixui. 
35-38 (Abs.) 


* ZiitinjTf.svorsl. (1. K. Vet. 
Akail. Anistenlam,’ vi, 
500-529, 555-50.'5 ; ‘ 13(*i- 
blatter,’ xxiii. 51-53 
(Abs.) ; ‘ Nature,’ Iviii. 48 
(Abs ) 

‘Phil. M.aji.’ [5],xlv. J97- 
201; ‘Science Ab.str.’ i. 
250. 

‘ Zeitsclir. f. jibyaikal. 
Cheni.’ XXV. 353-864 ; 
‘ Heibliit tor,’ xxii. 397- 
398 (Abs ) ; * Olieni. 

News,’ Ixxvii. 271 (Abs ) 

‘ Ann. Phys. u. (3icni.’ 
[NF.], Ixiv. .32.5-332; 
‘ Science Ab.str.’ i. 382. 

‘ Ij’Edairape 61cctrique,’ 
xiv. 299-JlOO ; ‘ Science 
Abstr.’ i. 390. 

‘ Astropliy.s. .1.’ vii. 131- 
J3S; ‘Phil. Ma^.’ [6], 
xlv. 3 18-356 ; ‘ Science 
Ab.st.r.’ i. 537-538. 

‘C. n: cxxvi. 728-731; 
‘ Reibliitier,’ xxiii. 31- 
32; (Abs.); ‘Nature,’ 

Ivii. 472 (.Vbs.) 

‘ I’roc. Phys. Soc.’ xvi. 
83-102. 

‘ Trfins. Roy. Hoc. Dublin ’ 
[2], vii. 1-0 ; ‘ Astrophys. 
.1.’ ix. 211-220; * RoibUl- 
ter.’xxiv. 107, 108 (Ab.s.); 
‘ Science Abstr.* ii. 81C- 
817. 
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A. Cotton 

I 

I 

H. r.ccquercl and 
II. Dealandrcs 

E. S. Ferry . . . 

j 

II. G. Madan . 

II. Diifct , . j 

T. rre.‘'tun . , ! 

I 

I 

T. (’. Porter . 

D. E«l.w and C. P. 

lJutler, 

C. Klein 

1\ Zcciuna 

H. A. LorciUz 

C. Fi. Mendonliall 
and F. A. fcJaun- 
ders. 

A. Trowbridge 


Physical Relations, 189«. 

Itadiations dans un champ mag- , 
m'tiqiu*. II. Renversement des i 
raic.s de sodium, et application, i 
(Marcli.) j 

(Contribution ii Peiiidc dn ])h6no- ! 
iiieiie do Zeeman. (Read April 4.) 


Uebor das Vcrhiiltni.s.s der Sjian- 
nung des clecirisclien Stronus 
mid der ytilrke dor Straliluiig der 
Spectra rciner Ga.se in Vakiium- : 
rohreii. (U<‘ad April Gk) 

On some Organic Substanoe.s of 
High Refraetivity, availal>lc for ^ 
Mounting Specimen.^ f(»r Kxaiui- 
nation uiuler the Microscope. 
(Read April 20 ) 

Siir le.s ])ro])rietAs o]»tifpic.s dii 
calomel (pn»tochloniro de mcr- ' 
cure). ( Read April 2 1 .) 

Radiation Plieiioimma in the Mag- ‘ 
nolic Field. (April.) 


Contributions to Ibc Stialy of 
Flicker, (lleiul May 20.) 


' A Simple Met luxi t)f Reducing Pris- 
I mat ic Spectra. (Ke.id May 27.) 


! Dio Anwendung der Metluxlc dor i 
' 'rolul-rellcxionindciTetrograj»hic. i 
(Read ^lay 20.) j 

Over cone Asyniinetrie in de i 
V< raiulcring der Spcctraallijucn ’ 
van Jj'^en bij Siraling in een mag- | 
netisch Vchl. (Read June 25.) ^ 

lleselioningcu over deiu Invloed 
van <‘011 rnugiK'tihcli Vehl o]) de 
llit.straliiig van Licht. (Ueail 
June ‘J.').) 

The Energy Spectrum of an abso- 
I lutely Black Body. (June.) 


! Ih'ber die t)i.sper.Mon <lo.s Sylvius, 
I und <las Rell<*xi<»nsvcrindg<*ii der 
; Metallc. (June.) 


L’Jiclairago 61ectrique,’ 
xiv. 510-547; ‘Beibliittei,* 
xxii. 890-891 (Abs.) 


‘ C. R.’ exxvi. 997-1001 ; 
‘ J. ('hem. Soc.* Ixxiv. 
II. 49:U494 (Abs.) ; 
‘ Science Abstr.* ii. 12. 

‘ Oefvcr.s. af K. Vet. Akad. 
iMu-h.’ Iv. 1S9-198 ; ‘ Boi- 
bl.itter,* txil. 900-901 
(Abs.) 


‘ J. Roy. Micro. Soc.’ 1^98. 
27;i-281, ‘Bei- 

bliltter,’ xxii. 709-770 
(Abs.) 


‘Bull. Soc. Fran^. Min.’ 

xxi. 9()..‘.H ; ‘ H(*iblatter,* 
xxiii. 32-JJ (Ab.s) 

‘ Phil. Mag.* [5]. xlv. 325- 
33t>; * Reiblatfer,’ xxii. 
88tS-889 (Abs.) 

* Proc. Roy. Sou.’ Ixiii. 
317-3.‘>0 : ‘ Sci( noc.Vb.slr.’ 
i. 091-092; ‘ Beibliitter,’ 

xxii. S.'u-S.’iO (.\b.s.) ; 
‘ Nature,' Iviii. lS8(Ahs.) 

* I’roc. Plivs. Soc.*xvi.207- 
21 S; ‘Phil Mag.’ [r>]xlvi. 
2t)7-2l0; ‘Nature,* Iviii. 
J19(Ah.s.); ‘Chem Xcw.s,’ 
Ixxvii. 200 (Al».) 

‘ Sitzungsb. Akad. Berlin,’ 
1898, 317-331. 


‘ Zittingsvcr>l. d. K. Vet. 
Akad. Am^terdam,’ vii. 
122-124 ; • Beiblatter,’ 

I -wii. 89() (Abs ) 

‘ Zittingsversl. d. K. Vet. 
Akad. Amstcnlam,* vii, 
113-1 22 : * Bei blatter,’ 

xxiii. 49-51 (Abs.) 

‘Johns Hopkins Univ. 
Circ ’ xvii. 55 ; ‘ Naturvv. 
Rundschau,’ xiii. l.*)7 ; 
‘ Bcibliitter,’xxii. 770-771 
(Abs.) 

‘Ann. Phys. u. Chem.’ 
fN.R], l.x¥. 595-020; 

j ‘ ticience Abatr.' i. 690. 
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BErORT — 1901. 


C. L. Poor & S. A. 
Mitchell. 


L. E. Jewell . 


J. S. Ames, P. F. 
CHrhai t, and 
II. M. Reese. 

0. M. Corbino 

H. Becquerel and 
II. Deslandres. 

E. Aschkinass 

A. Kdnig 
A. Righi 

>> 


E. S. Ferry . 


J. A. Reed 


J. Stscheglayew . 


F. F. Martens 


Physical Relations, 1898. 

j The Concave Grating for Stellar | 
I Photography. (June.) j 


I The Structure of the Shading of 
I the H- and K- and some other 
Lines in the Spectrum of the Sun 
I and Arc. (June.) , 

I Some Notes on the Zeeman ERcct. | 
(June.) 1 


A propos dc rinterpr6tation du j 
phenomeno tie Zeeman donnee j 
par M. Cornu. (June.) I 

Observations nouvelles siir Ic pli6- ! 
nomenedc Zeeman. (Read July 1.) ■ 


j Ueber die Emission des Quarzes in 
dem S pectral be reiche seiner metal- | 
lischen Absorption. (ReadJulyS.) 

Ueber ‘ Blaublindheit.’ (Read i 
July 8 ) 

Di un nuovo metodo sperimentale | 
per lo studio dell’ assoibirnento | 
della luce nel carnpo magnctico. j 
I. (Read July 17.) | 


Sur I’absorption dc la lumi()re pro- 
duvtc par un corps place dans un 
champ magnetique. (Read July 
25.) 


On the Relation between Pressure, > 
Current, and Luminosity of the , 
Spectra of Pure Gases in Vacuum : 
Tubes. (July.) 

Ueber den Einfluss der Temperatur ' 
auf die Rrechung und Dispersion , 
einiger Kry&talle und Glaser. | 
(July.) I 

Nachtrag zu der Abhandlung i 
‘ Ueber das Brechungsvermdgen | 
des mit Fliissigkeiten getninkten 
Hydrophans.’ (July.) 

Streifen gleicher Helligkeit beirn 
Durchgang des Lichtes durch 
zwei grob getheilte Gitter. (Aug.) 


‘Johns Hopkins Univ. 
Circ.’ cxxxv. 61-02 ; 
‘ Astrophys. J.’ vii. 157- 
102 ; ‘ Nature,’ Ivii. 520 
(Abs.^ 

‘ Johns Hopkins Univ. 
Circ.’ xvii. 02. 


^ Astrophys. J.’ viii. 48-60 ; 
‘ Johns Hopkins Univ. 
Circ. ’xvii. 5 J; ‘Beibliitter,’ 
xxii. 892 (Abs.) 

‘ L’Eclairage 61cctrique,’ 
XV. 548-550; ‘Beibliitter,’ 
xxii. 891 (Abs.) 

‘ C. R’ cxxvii. 18-21; 
‘ Beibliitter, ’xxii. 891-892 
(Abs.); ‘Nature,’ Iviii. 
204 (Abs.) ; ‘ Science 

Abstr.’ ii. 12-15. 

‘Verb. pbys. Ges Berlin,’ 
xvii. 101 -105;‘Beiblatter,’ 
xxiii. 357-358 (Abs.) 

‘ Sitzung.sb. Akjid, Berlin,’ 
1898, 718-731; ‘ Bei- 

bliitter,’ xxii. 575 (Abs.) 

‘ Rend. R. Accad. d. 
Lincei’ [5], vii. II. 41- 
40 ; ‘II Nuovo Cimento,’ 
[4], viii. 102-109; ‘ Bei- 
blatter,’ xxiii. 300 , 302 
(Abs.); ‘Science Abstr.’ 
ii. 601. 

‘ C. R.’ cxxvii. 216-219; 
‘ Sitzungsb.Akad. Berlin,’ 
xxviii. 000-60 1 , ‘ Bei- 

bbitter,’ xxiii. 800-302 
(Abs.) ; ‘ Nature,’ lix. 263 
(Abs ) 

‘ I’liys. Review,’ vii. 1-9; 
‘Science Abstr.’ ii. 15; 
‘ Nature,’ Iviii. 463 (Abs.) 

‘Ann. Phys. u. Chem.’ 
[N.F.], Ixv. 707-744; 

‘ Science Abstr.’ i. 690. 


‘ Ann. Phys. u. Chem,’ 
[N.F.],lxv. 745. 


‘ Zeitschr.f. Instrumcnten- 
kunde ’ (‘ Beibliitter’), 

1898, 121; ‘Science 

Abstr.’ ii. 163-104. 
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PuYaioAL Rki.atioxs, 1898. 


T. E. Doubt . 

J Colour Measurement. (Aug.) I 

1 

1 

‘ Phil. Mag.’ [5], xlvi. 21G~ 
222 ; ‘ Science Abstr.' ii. 
l)3-y4. 

D. liI.T-caluso .and 
0. M. Corbino. 

iSopra una nnova azione die la luce 
' su bisce atlravcrsando alcuni vapori 
mctallici in un campo magnet ico. 

; (Head hiept. 22.) 

‘ Rend.R.Accad.d.Lincei,* 
[5], vii. II. 202-301 ; viii. 

1. ; * II Nuovo Ci- 

j inonto* [41, viii. 2.‘57- 
. 2r)9 ; * Heibliitter,’ xxiii. 

G72-G7:i (Abs.) 

S, P. Thompson 

' On the Discovery by llighi of the 
Absorption of Light in a Magnetic 
Kidd. (8ept.) 

j ‘Brit Asicc. HeiC 1898, 
7S9-790. 

1). 'Macaluso and 
0. M. Corbino . 

Siir lire nouvclle action suhio par 
la Inmiere traAcrsant rcilainr*'' 
j \apeurs mutallHiues dans un 
dian'ip magnet ique. (Head Oct. 
:io) 

t 

‘ C. H.’ cxxvii. 0 18—151; 

‘ Beildatter,’ xxiii. 298- 
2t‘9 (.M)s); ‘ Scienee. 

Ab^tr.* li. 1G7- 1G9 ; ‘ Na- 
ture,’ hid. G3r> (Abs.) 

W. Voigt 

i 

1 Coher d. Zusammenhang zwiK hen 

I deni Z<‘cnian’schen und di'in 
: Karadav'sehen Phanommi. (Head 

1 Oct. 20.) 

‘Giilt. Nadir.* IS'.IS. ic. 
:’i2‘.‘ '< 14 : ‘ Sciencf* Ab.str.’ 
ii. Gni_G(l2 

11. lircijuorel . 

' lleinarfjues la polaii sation lo 

latoin* maunetupio et la <lisper- 
' Sion aiiotnalf a ro(easu»n d’niu* 
e\])enenee non voile de MM. 

1 Maoaluso et O. M. CorVino. (Ui'ad 

Ocl. 111.) 

- ‘C U.’ (‘xxvii. (Ur-Gll, 
‘Nature,* lix. 17 (A !*.*••.) 

P. W. Wood . 

! 

On the aiioinalons DisjuT'^ion (»r 
Cyaiiin. (Oct.) 

‘ Phil. Mag * [o],xlvi. 380- 
: ‘Science .\b.str.’ii. 
279 ^^Abs ) ; ‘ Ibublatter,’ 
xxiii 983 (Abs.) 

('. I’ulfricli , 

, lid KM' die Anwendbavki'it dt'V 
MiUhodo der Totalre'!»‘\ion aiif 
, kleine und mani»elhaft«' Krystal- 
ilaehon. (Oct.') 

‘ Zeit-^clir. f. Kry.slallogr.’ 
xx> . oi’.S-.lSG: ‘Hei- 
blatter,' xxiii. 30L350 
(Abs ) 

J. Uartiiiann . 

Uelu'r die Seale de.^ KiivldiotT- 
’-chen Sonmnuspeenuni. (Head 
Nov. 17 ) 

‘ Sil/nng'-b. Akad. Berlin,* 
1898,7)2 7.’)t>; ‘Science 
AbMr ' ii. 317. 

W. Voigt 

I)o|ipelhr<’**hung \on im Magiud- ‘Oott. Naeh:.’ 1S!)S, i\. 
felde hdiiulhelu'ni Nalnuin- g.MI-diio. ‘ Scn’iioe Absti.* 

<lainpf in der Itidilung nonu.d zu li. r»(»2. 

den Kraft linien. (Head Nov. 2(1.) 

A. Cotton 

Alisoijitiou ilaiis un ebanq* mag- 
neii(juo. (Head Dee..*)) 

‘C. H.’ cxxMi. Ootl-O.V); 

‘ .'seiciii e Ab.-lr.* ii. IGL- 
105. 

lit Becqiiorcl . 

1901. 

. Siir la <lisper.sion anoniale et b 
jionvoir rotatoire magnet i<]ui' di 
ceitainos vapours incandescent os 
(Read Dec. 5.) 

‘(*. H* oxxvii. S99-0()l: 

* Beiblatter,’ xxiii. o09 
(.lbs ) ; ‘ Nature,' lix. 1G7 
(Abs); ‘Sciene’e Abstr.’ 
li. IGtk 

N 


1901. 
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REPORT — 1901 . 


J. Dowar 

I 

W. Ramsay and 
M.W. Travers . 

E. Hagen and II. 
Rubens . . j 

I 

A. Riglil 

K. P. Fciry . 

E. van Aiihcl . 

R. Dnngior . 

I. Kanonuikofl 

E. S. King . 

E. Matthirsbon 

A.E. Scbiotz 

E. vS. Shepherd^ 

E. E. Snndwik 


Physical Relations, 1898. 

* Proc. Roy. Roo.* Ixiv. 
231-2,38 ; ‘Science Abstr.* 
ii. 2 17 (Abs.) ; * Nature,* 
lix. 280-281 ; ‘ Chem. 

News,’ Ixxix. 73-75 ; 
‘Chem. Centr.’ 1899, I. 
819-820 (Abs.); M. 

Cheni. Roe.’ Ixxvi. II. 
71J-7'J2 (Abs.) 

‘ Ihoc. Roy. Roe.* Ixiv. 
1 83-1 92 ; ‘ Nature/ lix. 

308-309 (Abs.); ‘Chem. 
News/ Ixxix. 37-39. 49- 
.50 ; ‘ Chem. Centralbl/ 
1899, T. 409-470 (Abs.) 

Ueber das Reflexionsvermtigen von j ‘ Verb. Deutsoh. phys. 
Metallen. (Read Dec. 10.) j Cesellsch.’ xvii. 143-147 ; 

( ‘Science Abstr.’ ii. 439- 

I 110. 

I 

Di un nuovo metodo .spciimentalo i ‘Rcnd.R. Acead. d.Lincci ’ 
per lo studio dell’ assorbimento | [5], vii. II. 333-338 ; ‘II 

della luce ncl cjimiK) magiictieo. , Nuovo Cimento ’ [ I], ix. 
II. (Read Dec. 18.) 1 295-302; • Rciblatter,’ 

I xxiii, r»70-07l (Abs.) 

A Photometric Study of ilio Spectra ' ‘ Plivs. Review,* vii. 2tMJ- 
of Mixtures of Cases at l.nw j 300. 

lh(*Ssures. (Dec.) I 

Act ion de magnet Kme siu les spee- j *J de Pliys ’ f3] vii. 40S- 
tres des gaz. 4 ill* ; ‘Chem. Centr.’ 1898, 

II. 1 1<»0 (Al)s.) ; ‘ Science 
I Abstr.’ li. 170. 

I 

Methodcdccontrulederoricntation j ‘ ,1. de Phys.’ [3], vii. 043- 
des faces polios d’mi cjuartz opais j tJIS ; ‘Science Abstr.’ li. 
normal il I’axe. | 277. 


Application of Liquid Hydrogen to 
the Production of High Vacua, 
together with their Spectroscopic 
Examination. (Read Dec. 15.) 


The Preparation and some of the 
Properties of Pure Argon. (Read 
Doc. 15.) 


Ueber T/Kilitbrechungsvcrmog(‘nder ' ‘.1. Russ. phys.-chem.Ces/ 
Korper in tliis.sigemund gasiormi- I \xx 905-97."); ‘Chem. 
gem Zastande. I Centr,’ 1899, J. 581 (Abs.) 


Conversion of Piismat ie into Normal 
Spectra. (Harvard Aslronomieal 
Conference.) 

Ueber den Kinlluss dcs Pu»zcni- 
gehaltos uud del ’reraperatur auf 
das iln'chung'^vermogeu von eini- 
gen ZuckerloHungen. (Inaug. Dih.s. 
Rostock, 1 898, 34 pp.) 

Ueber das Spectrum der Kathodon- 
htrablen (* Christiania Vidensk. 
Selsk. Forh/ 1898, i; pp.) 

JMiotograpbic plate.-, and the spec- 
trum. (‘Journ. Cameia Club/ xii. 
No. 150 ) 

Ueber die Refraction von Lfisungen j 
und eine cinta<jhe Methode den | 
Gehalt dcr Losungen vermittelbt | 
der Refractiou zu Bestimmen. [ 
(Chem. Centr. Halle, xxxix. 681- i 
085.5 I 


‘ Nature,’ lix. 330 (Abs.) 


‘ npiblattor/ \xn. 5,57-558 
(Ab< ) 


‘ Reibliitter/ xxiii. [9], 
(title). 

‘ Nature/ hx. 83.81 (Abs ) 


‘Chem. Centr.’ 1898, II. 
847 (Abs.) 
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R. Thalen 

P. Zeeman 

A. Righi 

D. Macaluso and 
0. M. Corbiiio . 

IL Becquerel 

I 

T. Preston 

i 

Sir J. Conroy . j 

H. A. Lorentz 

A. Cotton 

G. Johnstone 
Stoncy. ; 

T. Preston • . j 

C. E. Guillaume . | 

! 

C. Fabry and A. | 
Perot. 

A. Schuster and GJ 
lipmsalech. 


Physical Relations, 1898, 1899. 


Ueber der absolute Bestimmung 
der Wellenlangen einiger Strahlen 
des Sonnenspectrums. (‘ Roy. Soc. 
Upsala ’ [3] (1898.) 

Sur les doublets et les triplets pro- 
duits dans le spectre par des forces 
magn6tiques ext^rieures. 


‘ Beibliltter/xxiv, 472-473 
(Abs.) 


‘Arch, n^erland.’ [2], i. 
383-392. 


1899. 


Sur I’absorption de la lumi^re par 
un corps plac6 dans un champ 
magn^tique. (Read Jan. 2.) 


‘ C. H.’ cxxviii, 47-484 
* Beiblatter/ xxiii. 510 
(Abs.); ‘Science Abstr.* 
ii. 167. 


Sulle modificazioni che la luce 
subisce attraversando alcuni va- 
pori metallici in un campo mag* 
netico, (Read Jan. 8.) 

Sur la dispersion anomale de la 
vapeur de sodium incandescente, 
et sur quelques consequences de ce 
ph6nom(;)ne. (Read Jan. 16.) 


Radiating Phenomena in a Strong 
JMagnetic Field. Part II. Magnetic 
Perturbations of the Spectral Lines. 
(Read Jan. 18.) 

On the Refractive Indices and 
Densities of Normal Solutions and 
Semi-normal Aqueous Solutions 
of Hydrogen Chloride and the 
Chlorides of the Alkalis. (Read 
Jan. 19.) 

Trillingen van elcctrisch geladen 
Stelsels in een magnet isch Veld. 
(Read Jan. 26.) 

Bir6fringenceproduiteparle champ 
magnetique, li^e au ph^nomene 
do Zcoinan. (Read Jan. 30.) 


‘ Rend. R.Accad. d. Lincei* 
[5] viii. 1,38-41 ; ‘Science 
Abstr.’ ii, 346. 


‘ C. R.* cxxviii. 145-151 ; 
‘ Beiblatter,’ xxiii. 352- 
353 (Abs.); ‘ J. Chem. 
Soc.’ Ixxvi. II. 266 
(Abs.) ; ‘ Science Abstr.’ 
ii. 442-443; ‘Nature,* 
lix. 311 (Abs.) 

‘ Trans. Roy. Soc. Dublin ’ 
[2], vii. 7-22; ‘Nature,’ 
Ivii. 431 (Abs.) 


‘ Proc. Roy. Soc.’lxiv. 308- 
318; ‘Science Abstr.’ ii. 
505-506; ‘ J. Chem. Soc.* 
Ixxvi. II. 717 (Abs.) 


‘ Zittingsversl. d. K. Vet. 
Akad. Amsterdam,’ vii. 
320-340. 

‘ C. R.’ cxxviii. 294-297 ; 
* Beibliitter,* xxiii. 509- 
510 (Abs.) ; ‘ Nature,’ 

lix. 359 (Abs.); ‘Science 
Abstr.’ ii. 220-221. 


Illusory Resolution of the Linos of j ‘ Nature,’ lix. 294-295. 
a Spectrum. (Jan.) j 


Radiation Phenomena in the Mag- 
netic Field. (Jan.) 

L’6chellt3 du spectre. (Jan.) 


‘ Nature,’ lix. 224-229. 

‘ Rev. geii6rale des 
Sciences,’ x. 6-8 ; ‘ Bei- 
bliitter,’ xxiv. 259 (Abs.) 


Th^orie et applications d’une nou- ‘ Ann. Chim. et Phys.’ [7], 
velle m6thode de spectroscopie i xvi. 115-144. 
interfSrentielle. (Jan.) 

On the Constitution of the Electric I ‘Phil. Trans.’ cxciii. A. 
Spark. (Read Feb. 2.) 189-213; ‘Beibliitter,’ 

' xxiv. 552-554 (Abs.) 

N2 
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REPORT — 1901. 


0. Lummer and £, 
Pringsheim. 


P. Macaluso and 
0. M. Corbino. 

0. M. Corbino 

T. Preston 


0. M Corbino 

Lord Rayleigh 
D. A. Goldharamer 

I 

I 

T. Preston 

A. A. Michclson , 

A. Bighi 

F. Paschen . 

Lord Rayleigh 
H. C. Lord , 

Sir J. N. Lockyor . 


TiysicAL Relations, 1890. 

Die Verthciluug dcr Energio im 
Spectrum der schwnrzen Kdrper. 
(Read Feb. 3.) 

Sulla rclazionc tra il fenomeno di 
Zeeman e la rotazione magnetica 
nnomala del piano di pulariza- 
zione della luoe. (Read Feb. «.) 


Sui battimenti Inminosi e snll* 
impossibility di produrli ricor- 
rendo al ftmomeno di Zeeman. 
(Read Feb. 19) 

Magnetic Perturbations of the 
SpectralLincs. Further Resolution 
of the Quartet. (Feb.) 

Radiation Phenomena in the ^lag- 
netic Field. Magnetic Pertuiha- 
tions of the Spectral Lines. ( Feb.) 

Sulla dipen denza tra il fenomeno 
di Zeeman e le altre moditica- 
zioni che la luce subisco dai 
vapori metallici in un campo 
magnetico. (Read March H.) 

Transparency and Opacity. (Read 
March 21,) 

Das Zeoman’sche Phanomen, die 
inagnclischc Circularpolai isation, 
und die niagnetische Uoppelbre- 
chung. (IVIarcb,) 

Radiation in a Magnetic Field. 
(March.) 

Radiation in a Magnetic Field, 
(March.) 

Intorno alia questione della pro- 
duzionc di un campo magnetico, 
j)er opera di un laggio luminoso 
pularizzato circolamentc. (Read 
April 9.) 

Ueher die Vcrthcilung dor Plneigie 
im Spectium des sehwar/eu 
Kdrpers boi niederen Tempeia- 
luren. (Read April 27.) 

The Interferometer. (April.) 

On a Graphic Method of Comparing 
the Relative Efficiencies of DilVer- 
eut Spectroscopes (April.) 

A Chapter in the History of Spec- 
trum Analysis. (April.) 


‘Verb. Deutsch. pbys* 
Gesellsch.’’ 1. 23-41 J 

‘ Science Abstr.* ii. 664. 

‘ Rend. R. Accad. d. Lincei * 
[r>].viii. I. 116-121; ‘11 
Nuovo Cimento* [4],ix. 
384-389 ; ‘ Reiblatter.* 

xxiii. 673-674 (Abs.) 

‘ Rend. R. Accad. d. Lincei * 
[f)]. viii. I. 171-17.5 ; 
‘ Science Abstr.’ ii. 346. 


• Nature/ lix. 367. 


‘IMiil.Mag.’ [6] xlvii. 165^ 
178; ‘Science Abstr.* ii. 
4]:;- 144. 

‘ Rond R. Accad. d. Lincei* 
[6 ], viii. I. 230-256. 


‘ Proc, Roy. Inst.’ xvi. 116- 
119; ‘Nature/ lx. 64-65 
(Abs.) 

‘ Ann. Phvtf. u. Chom.’ 
|NF.], Ixvii. 696-701; 
‘ science Ab.str/ ii. 278- 
279. 

‘ Nature/ lix. 485 ; ‘ Rei- 
blattcr/ xxiv. 835 (Abs.) 

! ‘Nature/ li.x. 440-441 ; 

‘Reiblatter/ xxiv. 833 
I (Abs.) 

I ‘ Atti R. Accad. d. Lincei ’ 
, [.5], viii. I. 325-.326 ; 

• Science Abstr/ ii. 601. 


^ ‘ Silzungsb. Akad. Rcrlin/ 

, 1899, 405-420; * Roi- 

blalter/ xxiv. 31-3*2 
(Abs ) ; * Science Abstr.’ 
ii. 601. 

‘Nature/ lix. .533; ‘Rei- 
blatter/ xxiv. S35 (Abs.) 

‘Astrophys, J.’ ix. 191- 
202 ; ‘ Science Abstr.’ ii. 
824 ; ‘ Reiblatter/ xxiii. 
776-777 (Abs.) 

‘ Nature/ lix. 636-539. 
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Physical Relations, 1809. 


Lord Rayleigh 

Transmi.saion of Light through an 
Atmospherc containing Small 
Particles in Suspension. (April.) 

R. W. Wood . 

An Application of the DitTraction 
Grating to Colour Photography. 
(April.) 

L. K. Jewell . 

1 The Wave-length of U^, and the 
, Appearance of the Solar Spectrum 
ne.ar the Hydrogen Lines. (April.) 

A. Cotton 

The I’rcsenl. Status of KirchhofT's 
j Law. (April.) 

J. \V. Briihl . 

1 

Physikalische Eigcnschafton eiidger 
; Campherarten uiid verwandter 

1 Kiirper. 

Sir J. N. Lockycr . 

! On Si>ectriim Scries. (Lecture to 
' AVoiking Men. May 1.) 

T. Pre.^'ton 

1 

' i\Iagnetic Port urhat ions of the 
S]icctr.al Lines. (Read May 12.) 

A. Rigid 

Suir a^'M^rhimeuto tlella luce ]>er 
p;ut<‘ di un iiaz nel cami )0 

magnelico. (Read May 28 ) 

II. Wanner . 

N(diz liber die Verbreitcrung dcr 
' D Link'll. (May.) 

M. llainy 

Sur la rietciiiiination de ]>()ints de 
ri'jMTe dans le .'»pectre. (Read 
June 5.) 


A. llnllcT aiul I' T. Sur l«'S refractions iiiolcculaiie'^, la 
iMiillcr. dispersion nioIeculaiTe, ct Ic ])ou- 

voir s]HVifi(pie «los ('ombinaiMais 
dll campliie avec <]iiel(|ues alde- 
hydes au>niali<iues. (Read June .“>A 


AV. de W. Abney . | The Colt)ur Sensations in Tonus of 
Jjuniiiio.sity, (Read June 15.) 


C. Bender . . i Bivchungscxponenten reinen Was- 

sons und iioriualen Ralzlosungon. 
j (June.) 


\V. W. Campbell . I The Influenco of the Pnrkinje 
j I’henomcnon on Observations of 
I Faint Spectra. (June.) 


‘Phil. Mag.* [5] xlvii. 376- 
381 ; ‘ Science Abstr.’ ii. 
731. 

‘ Phil. Mag.* [6] xlvii. 3G8- 
372. 


‘ \ ' J.* ix. 211- 

2 i,> ; • fjcience Abstr.* ii. 
S2:>; ‘ Bei blatter,* xxiii. 
7S0 (Abs.) 

* A.strophys. J.’ ix. 237- 
2GS. 

‘Ber.* xxxii. 1222-1230; 

‘ Cliem. Centr.* 1899, I. 
1205-1207 (Abs.) 

‘ Nature,’ lx. 308-370, 392 - 
39(). 

‘ Proc. Roy. Inst.’ xvi. 151- 
1(>3; ‘Nature,’ lx. 175- 
180; ‘Science Abstr.' ii. 
0()2-r>03. 

‘II Nuovo Cimonto’ [4], 
X. 20.42: ‘ Reiblaner,’ 
xxiii. (>00-070 (Abs.); 

‘Nature,* lx. 270 (A)>s.) 

‘ Ann. Phv.s. u. Chem.’ 
|N.K.], Ixviii 113-114; 

‘ Sc‘ience Abstr.* ii. 003- 
; OUl. 

‘C.R 'cxxviii. 1380-1382: 

1 ‘ Science Abstr.’ ii. 727 

(Abs ); ‘ B(‘iblaUer,’ xxiii. 
777-77S (Abs.) 

‘ (\ R ' cxxviii. R mIV 1.373 ; 
•('hciu. Centr.' 1S99, II. 
110-117 (Abs^A; ‘(’licin. 
News.’ Ixxx 11 (Ab.sA; 

• Nature,’ lx. 107 (Abs ) ; 
‘.I (’hem, Soc.’ Ixxvi. II. 

; (’.22 (Abs.) 

‘ Pliil Trans.’ oxciii. 259- 
287 ; ‘ I’roc Roy. f^oc.* 
2v<2-2S,3(Abs.); ‘Nature.* 
j lx 237-238 ; * Science 

Ab-tr.* iii. 303. 

I ‘Ann. Phvs. u. Ohem. 

; [N.F.] Ixviii. 343-349; 
I ‘ J. Choni. Soc.’ Ixxvi. II. 

021 (Aba.); ‘Science 

I Abstr.’ ii. 059. 

1 ‘ Astrophys. J.* x. 22-24; 
I ‘ Beibliitter,* xxiii. 770 
1 (Abs.) 
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H. M. Keese . 


F. A. Saunders 


J. M. Eder and 
E. Valenta. 


J. Wilsing . 


I. C. Shedd . 

\fV. Sedgwick. 

VV. W. RandaU 

VV. Kdnig , 

T.W. Gifford « 

3. J. Burch . 

r. Preston 

B'iirst B. Galitzin 
and J. Wilip. 

3. N. Rood . 

3. B, Frost 


REPORT — 1901. 


Physical Relations, 1899. 


Notes on the Zeeman Effect. (June.) 


Notes on the Energy Spectrum of a 
lUack Body, and on the Absorp- 
tion of Ice in the Ultra-red. 

( J une ) 

Normalspcctrcn einiger Elcmento 
zur W ” I.’*- ■’ ■■■*;• 
aussers*' ■ I i -J.’ . ! 

July 13.) I 

Ueber den Einfluss des Drucks auf i 
die Wellenlilngen der Linien des j 
Wasscrstoffsspectrums. (Read | 
July 27.) I 


An Interferometer Study of Radia* j 
tion in a Magnetic Field. I., II. , 
(July.) 

Spectrum Series. (Aug.) 

On the Permeation of Hot Plati- 
num by Gases. (Aug.) 


‘ Johns Hopkins TTiiiv. 
Circ.* xviii. 69; ‘Phil. 
Mag.* [6] xlviii. 317-319; 
‘ Bciblatter/ xxiv, 130- 
131 (Abs.) 

‘ Johns Hopkins Univ. 
Circ.’ xviii. 68-59. 


‘ Dcnkschr. Akad. Wien * 
Ixviii. 531-654 ; ‘ Bei- 

blatter,’ xxiv. 474-475 
(Abs.) 


‘ Sitzungsb. Akad. Berlin,’ 
1S99, 750-7.'52; ‘Astro- 
phys. J.’ X. 269-271 ; 
‘ Beibliitter,’ xxiv. 476 
(Abs.) 

‘Phv.s. Review,’ ix. 1-19, 

«g1i15. 


‘ Nature,’ lx. 412. 

‘ Amer. Clicm. .1.* xix. 682- 
691 ; ‘ ('hei)i. News,’ lxx\ i. 
168-170. 


Dlsporsionsmcssungen am Gypt*. * Ann. Phvs. u. Clieni.’ 
(Sept.) . [N.F.], ‘ixi.K. I -11; 

> ‘ Science Abstr.* ii. 819- 

' 820 (.ib.s.) 

I 

Temperature and the Dispersion in ' ‘ Biit. As.soc. Report,* 1 899, 
Quartz and Calcite. (Sept.) • 661-662; ‘Beibliitter,’ 

' xxiv. 791 (Abs.) 


On the Spectroscopical Examina- ' * Brit. Assoc. Repoit,’ 1S99, 

tion of Contrast Phenomena. , <J24 ; ‘Electrician,’ xliii. 

(Sept.) 8 J 1-812; ‘Nature,’ lx. 

j 685; ‘Beibliitter,’ xxiv. 

: 272 (AKs.) 


Preliminary Report of the Com- 
mittee on Radiation from a Source 
of Light in a Magnetic Field. 
(Hopt.) 


‘ Brit. Assoc. Report,’ 1809, 
t>3-64 ; ‘ Nature,’ lx. 686 
(Abs.) 


Untersuchungen tiber das Bre- 
chungsverh}lltni.ss des Aethyl- 
iithers in der Niihc des kritLschen 
Punktes. (Read Oct. 6.) 


‘ Bull. Akad. St. Petersb.* 
[6], xi. 117-196; ‘ Bei- 
bbittcr,’ xxiv. 418-450 
(Abs.); ‘J. (’hem. Soc.’ 
Ixxviii. II. 461-462 (Abs.) 


Colour Vision and the Flicker 
Photometer. ( Oct .) 


‘Amer. J. Sci.’ [1], viii. 
251-260; ‘Nature,’ lx. 
<>11 (Abs.) 


On Titanium for a Comparison 
Spectrum. (Oct.) 


‘Astrophy.s. J.’ x. 207- 
208 ; ‘Science Abstr.’ iii. 
20 - 21 . 
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O. Lummcr and 
E. Pringshcim. 


F. Gand 


A. Clnlcsotti 


Sir J. N. Lockyer . 

C. Bender • 

E. B. Fro'«t . 

T. Prchtoii 

K. Pasclieii . 

A. Haller and V. T. 
MiiUcr. 

A. Rigid 


\V. H, Perkin 


P. Zccinnn 


A. Willliier . 


Physical Relations, ]89i). 

; I. Die Vertlieiluiig der Energie im 
I Spectrum dc.s schwarzen Kdrpers 
I und dcs blankcn Platins. 11. 

! Ti i*:| » i.n:irii ' fester 

gli.l.' ii'ii-r l\-'!|.« (U'-a \ Nov. 3.) 

Sur la spcctropliotomc'lric des I 
lumicres dcctriques. (Head Nov. 
13.) 

Sul potcre rifraiigente di alcuni 
idrocrirburi a nuclei benzolici con- 
densati. (Road Nov. 19.) 


I'reliminary Table of Wave-lengths 
of Enhanced Lines. (Bead Nov. 23.) 


Brechungsexponenten reinen Wa.s- 1 
ser.« und nornialer Salzldsungen. I 
11. Abth. (Nov.) 

Corrections to Determinations of 
j absolute Wave-length. (Nov,) 

! Some Remarks on Radiation Phe- 
' nomcna in a Magnetic Field, 
j (Nov.) 

'i Veber die Vcrtluulimg der Knergie 
! im Spectrum des hchwar/.eu 
j Ivdrjiers bei hoheren Tempera- 
I turen. (Read Dec. 7.) 

j Sur les refiactions inoR'Culaire.**, 
j la <b.s])ersion m«)leculaire, el le 
poinoir votatoire siH'cifique de 
i quelques alcovlcamidires. (Pvoad 
Dec. 11.) 

Sul fenoiiieiio di Zeeman nel ci\so 
, generale d'un raggio lundno.so 
coniunqne indiiiato .sulla dire- 
zione <lellji forza magnet ica. 
(Rea<l Doc. 17.) (Mem. Accad. . 
Bologna [5], \iii. 2B3-294.) 

TbeRefract iveand Magnetic Uotaiy 
Power of some Ben/enoid Ilydro- 
eaibons. The Refractive Power of 
Mixtures. An Inipi'ovi^sl Spectro- 
meter Scale-reader. (Read Dec .21.) , 

Waarnemingen over eene asym- 
metri.sche verandering van ijzer- 
lijncn bij straling in eeii magnet- | 
isch veld. (Read Deo. 30.) 

Ueberdie Spectra der Canalstrahlen 
und CathodenstrahJeii. ( Dec. ) 


‘ Verb. Dcutsch. phys 
Gescllsch.’ [2], 215-235. 


‘C. R.’ cxxix. 759-760; 

‘ Nature,’ Ixi. J)5 - 9(i 
(Abs.) ; ‘Science Abstr.* 
iii. 15. 

‘ Gazz. chim. Ital.’ xxx. I. 
149-1(>9 ; ‘ 11 Nuovo Ci- 
mento’ [i], xii. 290-293 
(Abs.) ; ‘ Beiblatter,’ xxv. 
2S3 (Abs.) 

* Proc. Roy. Soc.’ Ixv. 452- 
4r)l ; ‘ Beibliitter,' xxiv. 
262- 263 (Abs.); ‘Nature,’ 
Ixi. 263 (Abs.) 

‘Ann. rhy.s. ii. Chem.* 
[N.F.] , Ixix. 6)76-679 ; 
‘Science Ab.sir.’ iii. 13 
(A)>s.) 

‘A^lruphys. J.’ x. 283- 
2S.*) ; ‘Science Abstr.’ iii. 
176 . 

‘Nature; l.\i. 11-13. 


‘ Silziingsb. Akad. Berlin,* 
1 899, 959-976. 


‘(\ R.’ cxxix. HH)5-100S; 
‘ I’hem. Centr.’ 1900. 1. 
297 (Abs.) ; ‘ Nature,* 

l\i. 192 (Abs.) 

‘II Nuo\i) Cinic*nl(\' xi. 
177-2t>6 ; ‘ Beiblattei,’ 

xxi^. 51 1-511 (Abs.); 

‘ Science Abstr.’ iii. 6S9. 


‘,1. C'liom. Soc.’ Ixxvii. 
267-29 » ; ‘ Beiblatter,’ 

xxiv 929-930 (Abs.) ; 
‘them Centr.’ 1900, 1. 
797-79S (Abs.) 

* Zittingsversl. R. Akad. 
Amsterdam,’ 1 899-1900, 
Dccl viii. 328-331 ; ‘ Bei- 
blilttcr,’ xxiv. 835 (Abs.); 
‘Nature,’ Ixi. 408 (Abs.) 

‘Phys. Zeit.schr.’ i. 132- 
13 i; ‘ Beiblatter,’ xxiv. 
311-315 (Abs.) 
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Physical Relations, 1899, 1900. 

Sir W. de W. Abney TJeber die Zerlegung dcs Spectrums ] 
des electrischen Lichteain Leucht- | 
kraftmengcn von drei Fiirben. 
(Jabrb. f. Photogr. 1899, 838-350.) 

E. van Aubel . . Ueber die Brechungsexpoiienten * 

der Mctalle. 


W. Hallwachs 
O. A. Hemsalech 


Refractive Indices of Solutions. ' * 
(Sitzungsb. I&is.) 

Sur le spectre des decliaiges oscil- : ‘ 
lantus. I 



1900. 

J. J. Manley . 

An Optical ^letbod of determining 
flic Oensily of Sea-water. (Read 
Jan. 8.) 

H. Rubens 

Ut‘clierclit‘s sur lo spectre infra- 
louge. La resonance elect iique 
d(^s rayons de chaleur. (Jan.) 

D. P. Brace . 

On a New System for Spectral 
Pholometi ic Work. (Jan.) j 

E. Asebkinass 

Ueber aiiomale llispersion im ultra- i 

roteii Sjicctralgcbiele. (Jan.) ' 

' 

S. Younjf and K. C 
Fortey 

i 

Note on the Refraction and ^lag- ; 
iictic Rotation of Hexamothylenc, j 
Chloroliexamelhylc*iie,and Dichlo- • 
rohexamcthylene. (Read Feb 13) : 

Fabry and A. 
PciMt . 

Nouvelle source do la luiuiere l 
pour Ic spectrometrio de pre- 
cision. (Road Feb. 12 ) 

A. Perot and C. 
Fabry. 

■ Deterimiialion de nouveaux points 
de repere dan.s le .spectre. (Read ; 
1 Feb. 19.) ' 

M. Ilaniy , 

j Sur la determination de ]»oints de 
! repere dans le spectre. (Read 
Feb. 19, March 12.) 

W. Voigt 

1 

Ueber cine Uis.symmotrlo der Zee- | 
iiian’scben normalcn Tiiplets. j 
(Feb.) 

E. Hagen and H. 
Rubens. 

Has Reflexionsvermdgen von IVIe- , 
tallen und lielcgtcn Olasspicgeln. j 
1 (Feb.) ; 

C. Viola 

' Ueber die Minima der Lichtablen- | 
1 kung durch Prismen ani.sotroper ' 
1 Mcdien. (March.) 


Zeitsclir. f. physikal. 
Chem.’ XXX. OOfi-SCiZ ; 
‘ Chein. C/'entr.' 1900, 1. 
lt)l (Abs.) ; ‘J. Chem. 
Soc.’ Ixxviii. II. 125 
(Abs.) 

Nature, ’lx.:]28-329(Abs.) 


J. de Pbys.* [3], viii. (J52- 
GOO ; ‘ Nature,’ Ixi. 258- 
259 (Abs.) 


I’roc. Roy. Soc. Kdinb. 
xxiii. 3.“>-43 ; ‘ Natme,’ 
Ixi. 28G (Ab-..) 

R(‘\ . guneralc tics 
Sciences,* xi. 7-13. 

‘ Astropbys. J.’ .\i. <5-21; 
‘ Nature,’ 1x1. 521 (Al>s.) 

‘ Ann der Pliys ’ f i J, i. 
12-G8; ‘Pbv.s Zcilschi.* 
i oG-.jJ , * Science Ab-^tr.’ 
lii. 237-238 

.1. (’hem. Soe.’ Ixwii. 
372 371 ; ‘ Reihljitter,’ 

xxiv 928-l»29 ( Ab'^ ) 


(’. K.’ c\.\x. lOG-109 ; 
‘Naliiie,’ Ixi 107 (Abs ) 


(’ K* cxx\. 192- 4 Ih”; 
‘ Heiblatter,’ xxiv. 473- 
471 (Abs.); ‘ Nature,’ Ixi. 
135 (Abs.) 

(’ 11 ' cxx.x. 189-492, 700- 
701 ; * Nature,’ Ixi 4.35 
(Abs.); ‘Science Abstr.* 
iii. 377, 461 ; ‘ I5«*iblat- 
ter.’ xxiv. 472 (Abs.) 

Ann. dcr Pliys.’ [4], i. 
376-388. 


Ann. der Pliys.’ flj, i. 
353-375 ; ‘ Nature,’ Ixi. 
555 (Abs.) 

Zeitschr. f. Kryst. u. 
Min.’ xxxii. 545-550 ; 
‘ Reibliltter,’ xxiv. 1292- 
1293 (Ab.s.) 
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E. H. J Cunajus , 

) 

j 

j 

I 

Lord lUytliswood 
and K. W. Mar- 
clmnl. 

L. E. Jewell . I 

I 

I 

I 

D. W. Murphy 

I 

T. Preston 

A. Rigid 

K. Goldbtein . 

W. S. Adams . 

Pender 

A. Laur. 

G. .1. Burch . 

A. Parthoil and J. 
von Vclsen. 

A. Schmaus . 

V. Schuniann 

G. Pelliiii and A. 
Menin. 


Physical Relations, 1900. 
Dio Bestimmung des Brechungs- i 
vermogen als Methode fiir die | 
Untersiichiing der Znsaramen- | 
setzungder coexistirenden Phasen ' 
hei Mischungen von Aeciton und 
Aether. (April.) I 

The Echelon Spootros(;oj)e and its j 
Application to investigate the Be- ‘ 
haviour of the Chief Lines of the ' 
Mercury S]jcct rum under the Inllu- 
ence of a Magnetic Field. (April.) 

The Use of the Lines of Tiianinin 
for Conii)arison Spectra and their 
Prominence in the Chnimosi>hcrc. 
(April.) 

A Method of Determining the 
Luminosity Carve of the Solar ■ 
Spectrum. (April ) 


The Interferometer, f April) 


IJcber das Zecman'.sclie Philnonien 
in deni allL'enieinon Fallc eines 
heliebig gegen da* lUchtung del 
innfiuotisclien Kraft gcneigten 
liicht.stralile.". (April.) 

reb(T S])e(‘tra von Casgemengen 
und Non Entladungshullen. (Read 
May 11.) 

Tlic Curvature of tbo Spectral T.inos 
in the Spectioheliograpb. (May.) 

Brecliuiigsexponentcn normahr 
Salzhisungen. 111. (May ) 

Ceber den nonnalcn lofraetonic- 
trischen Worth V(»n Butter. (May.) 


On the Sport rosco] uo Examination 
of Colour pioduoeil by Simultane- 
ous Contrast. (Bead dune 21.) 

Die (frundlagen dor refract onic- 
Irisclicn Biittoruntcrsuchuiig. 
(June.) 

ITobor aiu>male electroniagiiotischc 
Uotationsdispersion. (June.) 

The Transparency of Thin Films of 
Glycerin. (June.) 

Sul potere rifrangento del telhirio 
in alcuni suoi coni}iositi. (Read 
July :10.) 


*Phys. Zeitsebr.’ i. 316- 
317 ; ‘ Science Abstr.’ iii. 
730. 


‘Phil.Mag.’[5],xlix. 384- 
403 ; ‘ Science Abstr.* iii. 
375-370. 


‘A.strophys. J.* xi. 243- 
214 ; ‘ Science Abstr.’ iii. 
691. 


‘A.strophys. J.’ xi. 220- 
225 ; ‘ Beibhitter,’ xxiv. 
910-911 (Abs.);‘ Science 
Abstr.’ iii. G91. 

‘Nature,’ lix. 005; ‘ Bei- 
blatter,’ xxiv. 835-836 
(Abs.) 

‘Phvs. Zeitsebr.’ i. 329- 
33 i. 


‘Verb. Deiitsch. plivs 
(lesellseb.’ [21. ii. 110- 
112; ‘Beibhitter/ xxiv. 
1191-1193 (Abs) 

‘Astrophy.s. J.' xi. 309- 
311; * Beibliitter,’ xxiv. 
908 (Abs.) 

‘Ann. del. Pby.'<.’ [1], ii. 
I8t> -1‘.M): *,1. (’hem.Soc.* 
Ixxviii. If. 4lJl (Abs.) 

‘ (’hem. Zeitung,' xxiv. 
3!» 1-395; ‘ J.C hem. Soc.* 
l-xxviii. 11. 034 (Ab.s.) 

‘ Proc. Boy. Soe.’ Ixvii. 
224-22S; ‘Nature.* Ixii. 
615 -GU) (Abs.); ‘ Science 
Abstr.’ iii. 181. 

‘.-Vroh. Pharm.* ccxxxviii. 
2G1-279 ; ‘Chem. Centr.* 
1900. II. 215-21G (Abs.) 

‘Ann. d. Phys.’ [4], ii. 
280-29 1 ; ‘ Nature,’ Ixii. 
335 (Abs.) 

‘ Chem. News,’ Ixxxi. 267- 
2GS. 

‘Gazz. China. ItaL* xxx, 
11. 465-475 ; ‘ J. Chem. 
Soc.’ Ixxx. 11. 94 (Abs.) 
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O, A. Hemsalech . 

E. lloppe • 

C. Runge and F. 
Paschen. 

E. Carvallo . 

VV. Marshall Watts 

N. E. Dorsey . 

S. P. Langley 

II. M. Reese . 

C. Rivit^re • 

A. Perot and C. 
Fabry. 

J. Meyer 

O. Lummer and E. 
Jahnke. 

S. P. Langley 

U. B. Dixon . 

R. W. Wood . 


Physical Relations, 1900. 

Sur les spectres des deebarges 
oscillantcs. (Aug.) 


Spectroscopisclic Boobachtnngen 
am Wehneltunterbrccher. (Aug.) 


Studium des Zeemaneiicctcs im 
Quecksilberspcctrum. (Aug.) 


Sur la dispersion exccptionnelle du 
spath d’Islande. 


On Wave-length Tables of the ' 
j Spectra of the Elements and Com- ' 
I pounds [containing Index toTabh^s ' 
I in the Reports fiom 1884 to 1900.] 

Prism and Grating Spectroscopes. | 

(Sopt.) I 

I 

On the Infra-red of the Solar Spec- ! 
trum. (Sept ) ' 

An Investigation of the Zeeman 
Effect with Reference to Zinc, Cad- 
mium, Magnesium, Iron, Nickel, , 
i Titanium, Carbon, Cialcium, Alu- ' 
; minium, Silicon, Mercury, iS:c. i 
, («^Pt.) 

I Tndice de refraction ct disiicrsion 
I du brome. (Kca<l Oct. *22 ) 


! Met hod e intorfOrentiellc pour la 
mesuro dt s longueur.^ d’ondc dans 
1 le spectre .'solaire. (Read Oct. Ii9.) 

I Die Photographic der ultraroten 
Strahlen. (Oct.) 

Deber die Spectralgleiehung des 
schwarzen Ki>rpcrs und des 
blankcn Platins. 1. (Oct.) 

Sur les derniers n'sultats jjbtenus 
deans lYitude de la partie infra- 
rouge du spectre solaire. (Read 
Nov. 5.) 

Reversal of Lines of the Spectrum 
of an Explosion Wave. (Read 
Nov. 13.) 

The Anomalous Dispersion of Car- 
bon. (Read Nov. 23.) 


‘ J. de Phys.’ ix. 437-444 ; 
‘ Beibliltter,’ xxiv, 1283- 
1284 (Abs.) 

‘ Electrotechn. Zcitschr. 
xxi. 507-508; ‘Beibliltter, 
xxiv. 1026-1027 (Abs.) 

‘Phys. Zeitschr.* i. 480- 
481 ; ‘ Beibliltter,’ xxiv. 
1329-1330 (Abs.); 

‘ Science Abstr.’ iii. 940- 
950. 

‘J. de Pliys.’ [3], 465- 
4 79 ; ‘ Science Abstr.’ iv. 
17-18. 

‘ Brit.As.soc. Report,’ 1900, 
lt>3-2y7. 


‘Astrophys. J.’ xii. 164- 
1(55; ‘ Science Abstr.’ iv. 
25-26. 

‘ Brit. Assoc. Report,’ 1900, 
(I.IO (title only) ; ‘ Nature,’ 
Ixii. .562 (Abs ) 

‘ A.strophy.s J’ xii. 120- 
1 35 ; ‘ Bciblattcr,’ xxiv. 
1329 (Abs.) 


I ‘ C. U’ cxxxi. (571 -672 ; 

‘ P»ei blatter,’ xxi\. 1275 
i (Abs.); ‘J. Chem. Sue’ 
Ixxx. II. 1 (Ab.s ) 

i ‘C. ir cxx.xi 700-702 
‘ lU'ibhittor,* xxiv. 1291- 
I 1292 (Ab.s.) 

1 ‘Phys. Zcitschr.* ii. (57 
‘ Science Abstr.’ iv. 21. 

i ‘ Ann. der Ph3’s.* [4J, ii. 
i 283-297. 

I ‘C R.’ cxxxi. 734-736; 

‘ Nature,’ Ixiii. 75 (Abs.) ; 

' ‘ Science Abstr.’ iv. 24- 

25. 

‘ Mem. and Proc. Man- 
cliester Phil. Soc.’ 1900- 
1901, 4-5. 

I 

I ‘ Proc. Phys. Soc.’ xvii. 
I 651-663; ‘Nature,’ Ixiii. 
I 122 (Abs.); ‘Chem. 

■ News,’ Ixxxii, 267 (Abs.) 
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Physical Kelations, 1900. — Fluorescence, 1899, 1900. 

G. J. W. Bremer . 

Indices do refraction de solutions | 
du cliloriire du calcium. 

‘Arch, nfierland.’ [2], v. 
202-213 ; ‘ J. Chem. Soc.’ 
1.XX.K. II. 141 (Abs.) 

C. E. McClnng . 

Refractive Index and AlcolioLsol- , 
vent Powers of a Number of Clear- 1 
ing and Mounting Media. (‘Kansas , 
Univ. Quarterly,’ vii. No. L) 

* Chem. News,* Ixxxii. 88 
(Abs.) 

C. £. Magniisrjon . 

ThcAbnormal Dispersion of Cyanin, 
(‘Bull. Univ. Wisconsin,* ii. 217- 
29G.) 

• lleibliitter,’ xxv. 36 

(Abs.) ; ‘ Nature,’ Ixiii. 
210 (Abs.) 

K. A. Partridge 

Meries in Spectra (‘ J. Franklin 
Inst.’ cxJix. 19:i-20().) 

* Meience Abstr.’ iii. 465. 

W. Ramsay • . 

Notes on the Ref r activities of the 
Inactive Gases. 

‘ Arch, neerland.’ [2], v. 
0.76-359 ; ‘ J. Chem. Moc.* 
Ixxx. 11. Ill (Abs.) 

II. M. Reese . 

The Zeeman Ph(*noinenon. (‘ Klec- 
trical World and Engineer,’ xxxvi. 
218-219.) 

‘ Science Abstr.' iii. 853. 

F. Rieglcr 

The Refractomelry of ^lineral 
Wateis. (‘Riiletiniil Sociolatiide 
le Sciinte d. Uucuresci, Romania,' 
i.\. 2.71.) 

‘ Chem. News,’ Ixxxii. 78. 

J. R. R} dberg 

Distribution of Spectniiu Lines. 
CRopoii of the International 
Plnsicnl Congress at Paiis,’ ii. 
Hi- 171.) 


K. Stockl • 

Mes.sungon liber di«‘ Dispersion und 
.\hsorption \on Ld.sungen anoinal 
breohendei Suhslanzeii bis /.u 
gro.ssi'ii Verdunnungen. (‘ liian'jr. 
Dis.sert. Miinchen,’ 1900, 111 pp.) 

* Rcibliittcr,’ xxiv. 1276. 
(Abs.) 

R. W. Wood and 
C. K. Magnuj^son 

The Anoinahms Dispersion of 

1 Cyanin. 

‘ Proc. Phys. Moc.* x\ii. 
542-752. 

P. Zeeman 

i Weiteres /my tms\ nnnetriM-bt'n 
' Aeiid(‘mng der Speetialiinieii in 
eiiiein Magnet felde. 

‘Areh. neerland.* [2]. v. 
2:}7.211. 


V. 

FLCoRE.-^CENC'E. 



1899. 


Sir W. (’rookes 

Pliotographic Researches on Pho.s- 
jihorescent Spectra. t>n Viotorium, 

! a New Element As.socinted with 

1 Yttrium. (Read May 4.) 

i 

‘ Proc. Roy. Soc.’ Ixv. 237- 
; 213; ‘Nature,* lx. 317- 
1 31 ; ‘ Chem. News,’ Jxxx. 

' 1‘9-51 ; ‘.J. Chem. Sue.* 

: Ixxvi. 11. 751 (Abs.); 

' ‘ Science Abstr.’ ii. 767. 

F. K. Kester . 

A Method for the Study of Phos- 
phorescent Mulphides. 

j ‘Phys. Rev.’ ix. 161-175; 

! ‘ Roihhltter,’ xxiii. 988- 

, ‘)89 (Abs.) 


1900. 


P. Lewis 

' Uebev Flnovescenz undNaehlcueht- 
, en bei der elect riseheii Kiilladung 
j in StiekstotT. (,luly.) 

1 ‘Ann. dor Phys,’ [4], i. 

1 1.79-46S; ‘ Nature,* Ixii. 

1 3Sl (Abs.) 
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VI. 

ASTRONOMICAL APPLICATIONS 
1882. 

S. J. Perry . . ! The Solar Eclipse, 1882, May 16. , * Monthly Not. R. A. S. 

I (June.) 1 xlii. 408-410. 

1885. 

„ . I The chromosphere in 1884 (Feb.) | * Observatory,* viii. 5:J. 


8 J. Perry and 
A. L. Cortie 


1889. 

Comparison of the Spectrum, be- ‘Monthly Not. R. A. S.* 
tween C and D, of a Sun-spot xlix. 410-418. 
observed 1881, May 27, with 
another of 1889, May 7. (June ) 


1890. 

A. L. Cortie . . | Ob.servalion of the Spectra of Sun- j ‘ Montlily Not. 11. A. S. 

' spots, in the region P-D, made at j li. 76-78, 

Stonyhurst College Ob.scrvatory, | 

1882-1889. (Read Dec. 12.) ' 


J. N. Lockyer 


W. )Sidgreaves 
A. L. Cortie . 


W. Sidgreaves 
A. L. Cortie . 


»» • 
W. Sidgreaves 




»* • 


»» 


A. L. Cortie . 


1891. 

. On the Causo.s which produce the ; ‘ J*iul. Traihs.* clxxxii. A. 
1 Phenomena of Nt*w Stars. (Read! ;U)7-448; ‘ IJeibhitter,* 

• Apiil 16.) 1 xvii. 1007-1068 (Abs.) 


1892. 


The bright Solar I’lomineiice of 
1891, Sept. 10. (Jan.) 

The large Sun-spot Group of Aug, 
28-Oct. •], 1801. (Fob; 


The Spectrum of Nova Aurigje. 
(Read May 13 ) 


‘Astron. and Astrophys.’ 
xi. 66-67. 

‘ Ol)-*ervatory,’ xiv. 3G.3- 
.366 ; * Abtion.and Aslro- 
phys.*xi. 130-133. 

‘ Mem. R. A.str. Soc. 
29-13. 


. Some Recent Studie.s in the Solar 
Spectrum. (May.) 


‘ Ahlion. ami Astrophys.’ 
xi. 393-407. 


. Notes on the Spectra of Sun-spots 
(Aug.) 


‘Astron. and Astrophys.’ 
xi. 587-.'>93. 


. Nova Aurigae (Aug.) ‘Astron. and Astrophys.* 

. xi. 604-607. 

, ' Report of the Solar Spectroscopic ' ‘Jour. Rrit. Astron. As.soc.* 
I Section of the British Astronomi- . iii. 31-35. 

I cal As.sociation. (Read Oct 26.) 


. j The Nova of 1892. (Oct.) 


‘ Jour. Brit. Astron. 
Assoc.’ iii. 22-24 ; ‘Obser- 
vatory,’ XV. 361-365. 


1893. 


. ' Errata to ‘ Note on the Revival of 1 * Astron. and Astrophys.* 
Nova Aurigas’ in ‘Astron. and ' xii. 660. 

Astrophys.’ xi. 883 (note). (July.) 1 

. The Temporary Star in Auriga. | ‘Astron. and Astrophys.* 
(June.) 1 xii. 521-589. 
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Astronomical Applications, 180:3, 1894, ISOO, 1897, 1898. 

W. Sidgroaves . | The Variable Spectrum of /3 Lyras ‘ Mouth. Not. R. A. S.’ liv, 

I in the region F — h. (Deo.) 91-99. 

„ . I The Phy.sical Constitution of the ‘Astron. and Astrophys.* 

i Sun. (Nov.) xii. 826-834. 

1894. 

„ . Notes on Solar Observations at I ‘Month. Not. R. A. S.’ Iv. 

I Stonyburst College Observatory. 6-12. 

I (Nov.) 

1896. 

„ . I Stellar Spectrum Photography at ‘Jour. Rrit. Astr. Assoc.* 

I Stonyburst. (Lecture Jan. 15.) \i. 196-197 (Abs.) 

1897. 

F. McClcan . . , Comparative Phot ograjjhic Spectra ‘ Pliil. Trans.’cxci. A. 127- 

! of Stars to the lU Magnitude. ’ 138 ; ‘ Science Abstr.’ ii. 

: (Read April 8.) ' j *135-436 (Abs.) 

i 

W. Sidgroaves . ' The Spectrum of /3 Lyra? as observed ' * Month. Not. R. A. S.’ Ivii, 

I at Stony hurst College Observatory 515-531. 

, in 1895. (May.) 

A. Pclopolsky . ' New Re.searches into the Spectra ; ‘Dull. Acad. St. Peters- 
1 of /3 Lyra? and T? Aquihe (in Rus- j l)nrg’[5], vii. 3.55-374; 
.sian). (Nov.) ‘ Naturi*,’ Ixii. 70 (Abs.) 

C. G. Abbott . . i Report of the Work of the Astro- * ‘ Smithsonian In^t. Rep.* 

j ])hysical Observatory for the year 1897,66-68. 

' ending June 30, 1897. 

II. Deslandrcs . ; Obj»or\ation de leelipse dii soleil * ‘Ann. du Bureau des 
■ du 16 Avril, 1893. Longitudes,* 1897, c. 1- 

’ '71. 

A. C. Maury . . Spectra of Bright Star>. ^ ‘ Anmds of Harvard C’oll. 

Obs.’ 1897, xxviii. I. ; 

J ‘Nature,’ Ivi. 206-208; 

‘ Xatnrsv. Rundschau, 
xii. 581-583. 

1898. 

A. J. Cannon . . A Variable Blight lly<lrogrn Line. , ‘Harvard Coll. OIks. Circ.* 

(Jan.) No. 21: ‘Nature,’ Ivii. 

281 (Ahs.) 

E. C. Pickering . A New Spectroscopic Binary . (Jan.) ‘ Harvard Coll. Obs. Circ.’ 

No 21; ‘Nature,’ Ivii. 
281 (Ab.s.) 

F. McClcan . . , Comparison of Oxygen with the * Proc. Roy. Soc.’ Ixii. 117- 

Kxtra IJne.s in the Sjicctra of the 123; ‘Astrophys. J.’ vii. 
j Helium Stars 3 Crucis, Also : 367-372; ‘Nature,’ Ivii 
Summary of the Spectra of South- ' 405 (^Abs ) ; ‘Science 

ern Stars to the 3J Matriiitmle, and Abstr.’ i. 635-636. 
their Distribution. (Read Feb. 3.) 

„ . The Total Eclipse of the Sun. * Nature,’ Ivii. 266-267. 

H. Deslandres . Nouvelle s6rie de photographies de ‘ C. R.’ exxvi. 879-882 ; 

la chromosphere enlieni du soleil. ' ‘ Science Abstr.’ i 470- 
fKead March 21.) 471. 
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Sir J. N. Lockyer . 


J. Fcheiner . 


AV. Siclg reaves 

A. L. Coptic . 
R. Copeland . 


E. II Hills and 1 1, 
F. No wall 

A. L. Coitie . 

W. H. S. Monck . 
E. C. Pickering 

C. Fainge 

V. L. Poor and S. 
A. Mitchell 

A. J. Cannon. 

L. E. Jewell . 

J. 1? Hydberg 
A. lielopolbky , 

J. E. Kcclcr . 


AsrnoNOMiCAL Applications, 1898. 


Total Eclipse of the San, January 
22, 1898. Preliminary Account 
of the Observations made by the 
Eclipse Expedition and the 
Olliceis and Men of H M.S. 
‘ Melpomene,* at Viziadrug. (Read 
March 28.) 

On the Spectrum of Hydrogen in the 
Nebiiliu. (April.) 


‘ Proc. Hoy. Soc.* Ixiv. 27- 
42. 


* .Vstrophys. J.’ vii. 2ol- 
2118 ; ‘ Beibhltter,* xxii. 
S 1 1 (Abs.) ; * Science 

Ahstr.’ i CiHli ; ‘ Nature,’ 
Iviii. 11 (Abs) 


I The Spectrum of o Ceti as photo- | ‘Month. Not. 11. A. S.’ 
graphed at Stonyhurst College j Iviii. 81 1-958. 
Observatory. (April.) 


' On the Level of Sun-spots and the i ‘ Astrophvs J.’ vii. 299- 
I Cause of their Darkness. (April) ‘ 2ls. 


i Total Solar Eclipse of January 22, 
1898. Preliminary Report on • 
Observations made at Ghoglce, ' 
I Central Provinces. (Read May 


' Total Solar Eclipse of 1898, ,]an- I 
I uary 22 Picliininary Hopoit on 1 
' 1 he ( Ibservat ionsmach* at Pulgauii, [ 

• India (Read May 25.) I 

j Vanadium in the Spectrum (C- - D) ! 
of Sun-spots. (May.; ! 

The Spectra and Proper Motions of | 
Star.s. (June.) | 

Stars having Peculiar Spectra. 
(June.) i 

I 

! 

I On the Relative Inteasitics of the 
. Line.s in the Spectrum of the 
Orion Nebula. (June.) 

The Concave Grating for Stellar | 
I’hotography, (.lime.) 

Additional Hydrogen Lines in Stais | 
resembling ( Puppis. (June.) 

, The Concave Giating for Stellar 
I Photography. (June.) 

Metargoii and the Intciplanetaiy 
Medium. (July.) 

Ueber ein Versuch die Geschwin- 
digheit im Visionsradius dcr Com- 
ponenten von y Virginia und 
j y Leonis zu bestimmen. (Aug ) 

I The Hydrogen Atmosphere sur- 
I rounding the Wolf-Rayet Star 
1 D.M. + 30'’'9039. (Aog.) 


‘ Proc. Ko}'. Soc.’ Ixiv. 21- 
25. 


‘ Proc Kov. Soc.’ Ixiv. 19- 

01 . 


‘Month Not. R. A. S.’ 
Uni. 97t)-979. 

‘ Astrophys. J.’ viii. 28-91. 

‘ 1 la rva rd ( 'ol 1 ( )bs ( !i rc. ’ 
No. 92; ‘Nature,’ Iviii. 
25S (Abs.) 

‘Astrophys. J’ viii. .*12 
90; * Reiblartcr,' XMii. 

9t)2-:Hl9 (Abs.) 

‘.\strophys J.’ liii. 157- 
102 ; ‘ Science' Ahsti ' i. 
910. 

‘Harvard (’oil. Obs (’ire.* 
No. .92 ; * Nature,’ Iviii, 
258 (Abs.) 

‘ Johns Hopkins IJniv. 
Circ.’ xvii. 01-02. 

‘Nature,’ Iviii. .910. ‘ Rei- 
blatter,' xxiii. 905 (Abs ) 

‘ Astr. Nach.’cl. (No. 9510), 
0t>-04; ‘Nature,* Iviii. 
400-401 (Abs ) 


‘Astrophys. J.’ viii. 119- 
11 1; ‘Nature/ Iviii. 469 
(Abs.) 
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H. C. Lord . 

K. D. Nar({amviila 

II. Dohlanclrcs 

Sir J. N. liOckyer . 
\V. W. Campliell . 

A. Mauiy , 

11. C. Vi)p:el . 

}iir iJ. N. Lockycr , 

AIi>. Kleiiiing 

G.KlIjiV . 

AV. W. (’aiiipl)cll . 

11. Deslandn ^ 

W. \V. Catupboll 


Astbonomtcal Applications, 1898, 

I Some Observations on Stellar Mo- | 

1 lions in the Line of Sight made at j 
I the Emerson McMillin Observa- ! 
tory. (Aug.) 

) 

Photograph of t he Spectrum of the i 
‘ Flash’ at the Eclipse of Jan. 21, 

! 1S98. (Aug.) 

I The Nebula of Andromeda. (Sept.) j 

j Vhotographie de hi \ it esse r.idialc 
I des etoilcs. (Sept.) 

; The Chemistry of the Stars. (In- I 
augural Addre.ss, Birmingham i 
j and Midland Institute. Oct. 20.) ’ 

, Some Stars with Great Velocities in 
1 the Line of Sight. The Variable 
! Veloeit y of ri Pega.^i in the Line of 
I Siirht. (Oct.) 

I Tlie K lines (jf Aurig.'e. (Oct.) j 


Tcbcr das St)ectruni von a Aijuilie, 
and uber die Bewetiung 
Sterncs im Visionsradius. (Head 
, Nov 17.) 


! rrelilui nary Note on the Spectrum ; 
of the Corona. (Head Nov. 21.) 


Stav.s of the Vth Type in tlie 
Magellanic. Clouds. (Nov.) 

Clas.sification ol Spectraid Vaiiablc 
Stnr.s of Long rcriiMl. (Nov.) 

On the Spectra of Stars of Sceebi’s 
I’tmrth Type. (Nov ) 


Tlic V’'ariablr Velocities of <» Lconis 
and of X Diaconis in tiu' latic nf 
Sight. (Ih c ) 

llcmarqucs .sur lc>» methoth s em- 
jJoyi'e.s dans la icchcicbe dcs 
^ itcs.s»*sradiale> desji-slrrs. (Dec.) 


S.iucrstolT aiif tier Suniic. Zii- 
saTnracnr.i‘'Sung dcr llc.^ultatc 
^o^ Kunge nnd raschen, Jan.''M'n. 
Ouncr, Scliustcr, nnd Je\\i‘ll. 
(• Ilimmel uiid Krdo,' x. J2r>.) 


1899. 

The Variable Ihidial Velocity of 
< Geminorum in the Lino of Sight. 


1899. 

* Astrophys. J.* viii. 65-69 ; 
* Bei blatter,* xxiii, 180 
(Abs.) 


‘Astrophys. J.’ viii. 120- 
121; ‘Nature,’ Iviii. .520 
(Abs.) 

‘ Nature,’ hiii. r)l5. 

‘ Bull. Soc. Astron. de 
France,’ xii. :i87-J90 ; 

‘ Nature.’ Iviii. 490 (Abs.) 

Nature,’ lix. 32-86 ; 

• (Jiem New.s,* Ixxviii. 
233-235 (Ab.s.) 

‘Astrophys. J.’ viii. l.';7- 
160; ‘ Beibliitter,’ xxxiii. 
180 (Abs.) ; * Nature,’ lix. 
43 (Abs.) 

‘Astrophys. J.* viii. 173- 
1 75 ; * Beibliitter,’ xxiii. 
ISl (Abs) 

‘ Sitzungsb. Akad. Berlin.’ 
lSi)8, 721-734; ‘ Bei- 

bhlttor,’ xxiii. 181 (Abs.); 

‘ AstrojJiys. J.’ ix. 1-15 ; 

‘ Science AlMr.’ ii. 436- 
137. 

‘ Proc. Boy. Soc.'lxiv. 168- 
I7t>; ‘Nature,’ lix. 279- 
280; ‘J. Chem. Soc.’ 

I Ixxvi. 11. 717-718 (Abs.) 

‘Astrophys. J.‘ \iii. 232; 

‘ Nature,’ lix. 330 (Abs.) 

‘Astrophys. J.' viii. 233; 

‘ Nature,’ lix 330 (Alw.) 

‘Astrophys. ,J.’ viii. 237- 
2:>S ; ‘.Nature,’ li.x. 330 
(Abs.) 

‘ .\>trnpliys. J.' xiii. 291 
‘292; ‘ Beibluttei.* xxiii. 
3t;2 (Abs.) 

‘ .\'^tT. Nachr ’ exhiii. 23 
28; ‘Astrophys. J.'i; 
167-172; ‘Science Abslr. 
ii. 72S. 

‘ Bei blatter,’ .xxii. 561-562 
i Ah'!.) 


j‘ Astrophys. J.’ ix. 86; 
I ‘Nature,’ lx. Ill (Abs.) 
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J. E. Keeler . 

Sir J. N. Lockyer . 

I» 

A. Mulle 
A. Cornu 

H. C. Dun€r . 

Gr. Hsilo • • 

Mrs. Fleming 
Sir J. N. Lockyer . 

it *1 

•» »» 

D. Gill . 

G. E. Hale . 

0. E. Hale 

J. Wilsing 


Astronomical Applications. 1899. 


Variation of Spectrum of Orion 
Nebula. (Jan.) 


Note on the Enhanced Lines in the 
Spectrum of a Cygni. (Head 
Feb. 2.) 


‘ Astr. Nachr.* cxlviii. (No. 
CL") 11) 207 ; ‘ Nature,* lix. 
379 (Abs.) 

* Proc. Hoy. Soc." Ixiv. 320- 
.322; ‘ Beibliitter.’ xxiii. 
301 (Abs.) ; ‘ Scienco 

Abstr.’ ii. 43r). 


On the Order of Appearance of ! ‘ Proc. Roy. Soc.’ Ixiv. 396- 


Chemical Substances at Different 
' Stellar Temperatures. (Read Feb. 
23.) 


Les trois types 
6toiles. (Fob.) 


spect rales des 


La ! ht-: des spectres 

dV*. ... JJ 1 March 1.) 

Spectra of Stars of Class III. b.| 
(March ) i 

i 

'L'he Spectrum of Saturn's Kings. } 
(March.) 


A New 
(March ) 


Star in Sagittarius. 


The Chemi.stry of the Stars in Re- 
lation to Temperature. (March.) 

On the Distribution of the \arious 
Chemical Groups of Stars. (Lec- 
ture to Working Men. April 10.) 

On some Recent Advances in 
Spectrum Analysis r<*lating to 
Inorganic and Organic Evolution. 
(Lecture to Working Men. April 
21 .) 

On the Presence of Oxygen in the 
Atmospheres of certain Fixed 
Stars. (Read April 27.) 


Comparison of Stellar Sj)ecti aof I ho. 
Third anl Fourth Tyi>cs. (April .) 

Photographs of the New Star in 
Sagittarius. (Axuil.) 

Spectra of Stars of Sccchi’s Fouitli 
Type. (April ) 

Ueber die Dcutung des typischen 
Spectrums der neuen Sterne. 
(Read May 4 ) 


401 ; *Chein,News/lxxix. 
115-147; ‘ Beiblattcr,’ 
xxiii. 792 (Abs.) 

‘ Rev. Scientifique,’ xi. 
238-242. 

‘ Bull. Soc. Astron. cle 
France,’ Sept. 1899, 379- 
382. 

‘Astrophys. J.’ ix. 119- 
132: ‘Nature,* lx. IS 
(Abs.) 

‘Astrophys. J.* ix. 186- 
JS(>; ‘Nature,’ lix. 696 
(Ahs.) 

‘ Harvard Coll. Obs. Circ.* 
No. 42 ; ‘ Nature,’ lix. 661 
(Abs.) 

‘Natuie,’ lix. 463-166. 

‘Nature,’ lx. 617-620, Ixi. 

8 . 11 . 

‘Nature,’ lx. 103-10S. 


‘ Proc. Roy. Soc.’lxv. 19(5- 
I 206; ‘Natuie,’ lx. 190 
i (Ab.s ) ; ‘ J. Chom. Soc ’ 
j Ixxvi. II. 718 (Ab.^.); 
] ‘ Science Abstr.’ li. 729 

: (Ah.s.) 

I ‘ Ast rophys. .1.’ x. 273-274. 


> ‘ A.sijopl)y.s. J.’ ix. 269; 

I ‘ Nature,’ lx. 88 (Abs.) 

! 

‘ Astrophvs. J.* ix. 271- 
272; ‘Nature.’ lx. 186- 
187 (Abs.) 

‘ Sitzungsb. Akad. Berlin,’ 
1899, 426-436 ; ‘ Science 
Abstr.’ ii. 728-729 ; 
‘Astrophys. J.’ x. 113- 
125. 
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Sir .T. N. Lockyor . . 
A. Belopolsky 

G. B. Hale and 
F. Kllonnan. 

W. W. Campbell . 
J. Suheincr . 

W. VV. Campbell . 

W. H. Wvi^ht 

E. B. Frost . 

\V. W. Campbell . 

A. Belopolsky 

G.E. Halo . 

Sir J. N. Lockyor . 

J. Liint. 

A. Belopolsky 
J. F6nyi 


Astkonomioal Applications, 1899. 


On I he Chemical Classification of 
the Stars. (Read May 4.) 

I Ueber die Bowegmif? von C Oemi- 
Jioruin in don (icsiohtblinie. 
(May ) 

The Spectra of Stars of Secchi’s 
Fourth Type. (July ) 


, Now Spcctroscopi(5 Multiple Star 
(Polaris). (vSopt.) 

! Uobor die jfiiotot^raphisch-photo- 
niotrischen Uutersuchnn^en dos 
Hoirn Keeler am Orionnebel. 
(Oct.) (Reply of J. Keeler, * Astr. 

! Naclt!*.’ cli. (No. :h>Ol) 3-1.) 

The Variabh* Velocities in the Line 
ot i^i^ht of € Jiibue, A Draconis, 

A Andvoniedie, € Frsje Miiunis, 8 
Ur.sa*, Minoris, and w Draconis. 
(Oct.) 

I I 

• ObsiTvations of Comet Spectra. I 
; (Oct.) 

The Variable Velocity of Polaris. - 
. (Oct.) ‘ i 

' The Spectroscopic Binary Capella. 1 
1 (Oct.) 


The Wave-length of the (ireen 
Coronal Jane, and <»ther Data re- 
sulting from an At teni})t to Deter- 
i mine the Law of Potation of the 
‘ Solar Corona. (Oct.) 


* Proc. Roj'. Soc.* Ixv. 186- 
191. 

* Astr. Nachr.’ oxlix. (Nc, 
3.5nr)) 239; ‘Nature,* lx. 
Ill (Abs.) 

‘ Astro])liys. J.’ x. 87-112 ; 
‘ Beibliitter,* xxiv. 110- 
11 1 (Abs.) ; ‘ Nature,’ lx. 
429 (Abs.) 

‘Nature,’ lx. 513 (Abs.) 


‘ Astr. Nacbr.* cl. (No. 
3.>93) 299-31)2 ; ‘ Astro- 
phys. J.’ X. 101-168. 


‘ Astropbvs. J.* X. 175- 
183; ‘Nature,’ Ixi. Ill 
(Abs.) 


‘ Astrophys J.’ x. 1 73-176 ; 
‘ Beibliitter,’ xxiv. 481- 
182 (Abs ) 

‘ Astrophys. J.’ x. 181-1 85 ; 
‘ Nature,’ Ixi, 111 (Abs.) 

* Astrophys. J.’ x. 177 ; 
‘Ni'iture,’ Ixi. Ill (Abs.); 
‘ licibliitter,’ xxiv. 482 
(Abs.) 

‘Astrophvs. J.’ X. 180- 
192, 3*00-307; ‘ Bei- 

bhitter,’ xxiv. 183 (Abs.) ; 
‘ Science Abstr.’ iii. 170. 


Feberdas Spectrum von P Cygni. , ‘Astr. Nachr.’ cli. (No. 
(Nov.) " j 3003) 37-10; ‘Nature,’ 

Ixi. 137 (Abs.) 


Carbon in llic Chromosphere. (No\ .) ‘ Astrojdiys. J.’x. 2S7-2SS. 

'J'he Pibcian Stars. (Read Dec. 11.) ‘ Proc. Roy. Soc.’ Ixvi. 120- 

110; ‘Beibliitter,’ xxiv. 
789-790 (Abs.) ; ‘ Nature,* 
Ixi. 213 (Abs.) 


On the Origin of certain Unknown 
Lines in the Hpcctra of Stars of 
the B Crucis 'Typo, and on the 
Spectrum of Silicon. (Read 
Dec. 14.) 

Notes on the Spectrum of P Cygni. 
(Dec.) 

The Great Sun-spot, September 
1898. (Dec.) 


‘ Proc. Roy. Soc.’ Ixvi. 4 1- 
50; ‘Astrophys, J.’ xi 
262-269 ; * Beibliitter,’ 

xxiv. 912-913 (Abs.) 


‘ Astrophys. J.’x. 319-321. 

‘ Astroph^'-s. J.' X. 333- 
336 ; * Science Abstr.’ iii. 
300. 


1901. 


o 
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Astronomical Applications, 1899, 1900. 

C. A. Young . . I The Wave-longth of the Corona ‘ Astrophys. J.’ x. .306- 

I Lino. (Dec.) 307 ; ‘ Beibliittcr,* xxiv. 

480 (Abs.) ; ‘ Science 

Abstr.* iii. 299-300. 

Notes on the Spectra of 7 Cassio- * Month. Not. B. A. S.’ lix. 
peiie and o Ceti. .502-512. 

Untersuchungen iiber die Spectra 
von 528 Sternen. (‘ Publ. d. 

Astrophys. Observat. zii Potsdam,’ 
xii. I. 73 pj).) 

Tluj Rotation of the Sun, (Lund ‘ Nature,* lx. 577 (Abs.) 
Observatory.) 

A. Elvins . . 1 Sun-spot of September and October, | ‘Science Abstr.’ iii. 170- 

j 1S98. (Proc. Canadian Instit. ii. 177. 

I 35-:’»8.) 

C. Dufour . . j Compa raison entre la lumiore du ‘Arch, do Geneve,* viii. 

soleil et cclle de quelquos etoilcs. 209-2 J 7. 

C. G-. Abbot . . Report of the Work of the Astro- ‘Smithson. Inst. Report, ’ 

physical Observatory for the year 1899; ‘Nature,’ Ixi. 510 
ending June 30, 1899. (Abs.) 


1900. 

Sir J. N. Lockycr The Spectrum of a AquiloR. (Read I ‘ Proc. Roy. Soc.’ Ixvi. 2.32- 
and A. Powler. Pcb. 8.) 238 ; ‘ Boiblatter,’ xxiv. 

995 (Abs.) 

A. Beloi)olsky . tTeber cine Methode zur Verst ilrk- ‘ Bull. Acad. St. Petersb.’ 

ung schwacher Linier in Stern- [5'J, xii. 20.5-210 ; ‘ Bei- 

spcctrogrammon (in Russian) blatter,’ xxv. 131-1.32 

(Read Feb. 9.) (Abs ) 

II. Deslandrcs . Variations rapidos do la \itessf* ‘ C. K.* exxx. 379-382; 

radiale de I’etoilo 5 Oiionis. ‘ Nature,’ Ixi. 407 (Abs.) 
(Read Feb. 1‘2.) 

Sir J. N. Lockycr . Preliminary Note on the Spectrum ‘ Pioc.Roy. Soc.’ Ixvi. 189- 
of the Corona. (Read Feb. 22.) 192 ; ‘ Science Abstr.’ iii. 

52 1-525. 

H. C. Vogel . . Tebcr die irn letzten Decennium in ‘ Sitzimgsb. Akad. Berlin,* 

dor Pu'^t iiiimniig dor Sternbewc- 1900, .373-390. 
gnng in dor (ioMchtslinie erreich- 
ten Forts(;hrittc. (Read March 29 ) 

W. U. Wright . The Orlut of the Spectroscopic ‘Astrophys. J.’ xi. 131- 
Binary X Draconis, (March.) 134 ; ‘ Bciblattcr,* xxiv. 

990 (Ai)s.) 

K. Schwartzchild . Kin Verfahren dor Bahnhestiiu- ‘Astr. Nachr.’ clii (No. 

mung der spcc.trosc<ipi.schcri Dop- 3tJ20) 66-74 ; ‘ Nature,’ 
pelsternen (March.) Ixi. 521-522 (Abs.) 

W. W. Campbell . The Vjiriablo Velocity o£ 3 llcrculis ‘Astrophys. J.’ xi. 140; 

in the Line of Sight. (March.) ‘ Bcibliltter,’ xxiv. 790 

(Abs.) 

Sir J. N. Lockyer . A Short Account of the Physical ‘Nature,* Ixii. 23 (Ab.s.); 

I Problems now being investigated ‘ Chem. News,’ Ixxxi. 214 
I at the Solar Physics Observatory (Abs.) 

; and their Astronomical Applica- 
tions. (Phys. Soe. April 27.) 


W. Sidgreaves 

H. C. Vogel and 
J. Wilsing . 


C. A. Schultz- Stein- | 
heil. I 
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L. E. Jowoll . 


\V. W. (\T,m])l)cll . 


A. Belopolsky 


II. Deslandrcs 


W. 1 1. M. Clirisiie 
and F. yi, Dyson. 

I 

J. Ev(*r.slied . 


Sir J. N. Loekycr . 


H II. Turner and 
H. V. Newall. 


G. M»’slin 

II. Dcsl«Mndres 

W. H. Julius . 

P. de ITcen . 


Astronomical Applications, 1900. 


Spectroscopic DetermiDations of ‘Aslrophys. J.*xi. 234-240 ; 
Motion in the Line of Sight, &c. ‘ Science Abstr.’ iii. 691. 

(April.) 


Some Spectrogra])hic Results ob- ‘Astroph 3 ’S. J.’ xi. 22C- 
tained at the Indian Eolii)^c by 233. 

ilie Lick Observatory* ('rocker 
Expedition. (April.) j 


KinVersuch die Uotationsgesehwin- | 
digkeit des Vcniisie(|uator auf 
spectrograph ischem Wegc zu be- ' 
htimmen. (May'.) ' 

Observations do lYclipso totalo dn 
soleil le 2S Mai 1900 j\ Argamasilla j 
(Espagne). (Head June 18.) | 


'J'oial Eclipse of the Sun, 1900, | 
May 2H. Preliminary' Account of , 
the Observations made at Ovar, ! 
I’ortugal. (Head June 2H.) 

Solar Eclipse of May 28, 1900. | 
Preliminary Report of tlui Expe- i 
dition to the South Limit of I 
Totality to obtain Idiotograplis of 
the Flash Spectniin in lligli Solar . 
liatitudes. (Read June 28.) • 

Total Eclipse of the Sun, May 28, ! 
1900. Pi elimi nary Account of the J 
Obser\ations made by th(‘ Solar | 

I Physics Observatory* Ecli]ise Expe- j 
dition and the othcers and men of ' 
H M.S. ‘Theseus’ at Santa Pola. ! 
j (Read Juno 28.) ; 

I Total Solar Eclipse of 1900, May 28. j 
I Preliminary Ib'port on the Oh^-er- j 
j vat ions made at Rouzarenh (in the - 
I grounds <if the Algiers Observa- I 
I lory). (Road Juno 28.) 

i Sur los images spee.t rales do la 
chromosphere c*t des protube- 
! ranees, obtenues a I’aide de 
‘ la. chambre iirisinatique. (Read ‘ 
July 30.) 

Premiers result at s des recherches ! 
faites sur la i'econnaissan<*e do l.i i 
eouroniie soliiire avec Paide des ^ 
rayons calorilupie.s. (ReatlOet. 1.1 ) j 

Solar Phenomena and Anomuloiis 
Dis])er.‘.ion. (Oct.) I 

t 

Consiatation de quelques fails re- ] 
latifs aux stratitieations des tubes , 
j\ vide et. au spectre qu’ils pro- I 
sentent. Conjecture sur le me- 
chanisme de ce phenomeiie. ( Head 
' Nov. 3.) 


‘ Astr. Nachr.’ clii. (No. 
3611)263 276; ‘Nature,* 
Ixii. 160-161 (Abs) 

‘(\ R.’ exxx 1 691-1 69.1; 
‘ Nature,' Ixii. ‘233 (Abs.) ; 
‘ Astrophys. J.’ xii. 287- 
290 ; ‘ ileibliitter,’ xxv. 


40. (Ab^s.) 

‘ Proe. Roy. 
3!»2-l()2. 


‘ Proc. Rov. 
;i70-.385. * 


IVoc. Ko\ 
337-346. ‘ 


‘ Proc. Rov. 
316-3C9. ‘ 


Soc.’ Ixvii. 


Soc.' lx\ ii. 


Soc..* Ixvii. 


Soc.’ Ixvi 


‘0 R.' cxxxi. 328-3.30; 

‘ ]>oibliitt('r,' xxiv, 1121- 
1121 (A1)S) 


‘C R.’ cxxxi. (J.IS-tUn ; 
‘ Nature,' Ixiii. 67 (Abs.) 


‘Astrophys .1.' xii. IS.I 
200; ‘ Science Abstr.’ iv. 
14. 

‘Bull. Acad. Belg.* 1900, 
803-81 1 , ‘ Beibliitter ’ xxv. 
154 (Abs.) 
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Astronomical Applications, 1900 — Meteorological Applications, 1808, 1899. 

Sir J. N. Lockyer . On Solar Changes of Temperature ‘ Proc. Roy. Soc.* Ixvii. 409- 
and Variations in Rainfall in the 431. 

Regions !*■ ‘’ic Indian 

Ocean. (IJ ^ ■ ■J*y 

W. W. Campbell . The Visible Spectrum of Nova i ‘ Astrophys. J.’ xii. 258 ; 

Aquilio. (Nov.) | * Roibliitter,’ xxv. 41 

I (Abs.) ; ‘ Nature,* Ixiii. 
j 260 (Abs.) 

E. B. Frost . . Spectroscopic Results obtained at ‘Astrophys. J.* xii. 307- 

t he Solar Eclipse of Mav 28, 1900. :»51 ; ‘ lleiblatter,’ xxv. 

(Dec.) " 267-268 (Abs.) 

W. J. Knight . Can Spectroscopic Analysis furnish * Nature,’ Ixiii. 180. 

us with precise Information as to 
the Petrography of the Moon ! i 
(Dec.) 

J. P. Mohler and | The Reversing La 3 *er photographed 
F. 0. Daniel. 1 with a Concave Rowland Grating. 

I (l'c«) 

J. Wilsing . . ‘ Untersuchungen iiber das Speo- 

I trum dcs Nova Auriga?. (‘Publ. 

I d. Astrophys. Observat. ssii Pots- 
1 dam,* xii. 77-102.) 

A. Berberich , . I Die Sonnencorona. (‘ Naturw. 

1 Rundschau,* xv. 29-30.) 

J. Hartmann . . I Anwendung der Photographic zur 

, spectral photomctrischen Messung 
‘ dor Helligkeit von Ilimmelskor- 
! pcin. (‘ Jahrb, f. Photogr.* 1900, 

' 210-244.) 


METEOROLOGTCAli APPLICATIONS. 

1898. 

The Pin L';:i.aphh* Sj^cctrum of the I * Harvard Coll. Obs. Circ.’ 
Aurora. tMay.; I No 28; ‘Astrophys..!.* 

1 vii 392, ‘Beihlatter,’ xxii. 

I 84.3 (\bs.); ‘Naiure,’ 

' Ivii. 591 (Ahs ) 

Th«' Origin of the Aurora Spectrum, j ‘ Nature,’ Ivin 151. 

(June) I 

liclium ill the Atmo.sphere. (Oct.) 1 • Chem News,’ Ixxviii. 98; 

j ‘Beihlatter,’ xxiii. 317 

I (Al,.s) 

Tlui Oiiginof the AuioraSpectimn. ■ ‘ Natuie,’ lix. 127. 

(Nov.) ; 

The Origin of the Aurora Spec! rum. ' ‘ Nature,’ lix. 29. 

(Nov.) 

1899, 

A. de la Baume Observation du groupe des raics B ‘ C. R.’ cxxviii. 269-272 ; 
Pluvinel. dii .spectre solaire faite au sommet ‘ Beiblatter,’ xxiii. 359 

du Mont Blanc. (Read Jan. 30.) (Abs.); ‘ Science Abstr * 

i ii. 437-438; ‘Nature,* 

1 lix. 369 (Abs.) 


E. C. Pickering 

A. Schuster . 

Sir W. Crookes 

T. W. Backhouse . 
C. Runge 


‘A.strophys. J ’ xii. 361- 
365 ; ‘ Beiblatter,’ xxv. 
268-269 (Abs.) 

* Beibliitter,’ xxiv. 995-996 
(Abs.) 


‘ Beibliitter,’ xxiv. 480 
(Abs.) 
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Metbobological Applications, 1899.— Chemical Relations, 1896, 1897. 


B. Hassclberg 


Paulsen 


. I Note sur la diffusion cosmiquc de 
vanadium. 

. Sur le spectre des aurores polaires. 
(Uejid March 6.) 


‘Mem. Soc. Spettr. Ital.* 
xxviii. ILj -119; ‘Nature,’ 
lx. 187 (Abs.) 

‘C. R.’ cxxx. 065-666; 
‘llcibliittei:/ x:xiv. 479- 
480 (Abs.) ; ‘Nature,* Ixi. 
021 (Abs.) 


Vlli. 

CHEMICAL RELATIONS. 


B. Ilasselberg 


A. Wrublcwski 


B. Hassclberg 


G. Abati 


B. Hassclberg 


1S96. 

Ueber das Vorkommen des Vanads 
in den Scandiiiavisclien Rutilarten. 
(Read Dec. 9.) 


1897. 

I Anwend ling des Glan’sclien Spektro- 
pliotometers auf die Thiercheniie. 
I. Quantitative i3e.^timiuung des 
i Oxyhiumoglobin im Blute. II. 

I Quantitative Bestiminung der 
j Rhodansalze im Speicliel. 

j Zur cbcmischen Constitution des 
I Rutils. (Read March 10.) 


I 

i 


Sul potore rifrangente c dispersive 
del .silicic nei suoi compost! . 
(Read June 12.) 


. ' Note on the Chemical Composition 
of the Mineral Rutile. (June.) 


‘ Bihang till K. Vet. Akad. 
Handl.’ xxii. Afd. i. No. 
7, 7 pp. ; ‘ Zeitschr. f . 
anorg. Chem.’ xviii. 85 
(Abs.) ; ‘ Chem. Centr.* 
1898, II. 10C8 (Abs.); 
‘ Chem. News, ’Ixxvi. 112- 
113. 


‘C. R. de I’Acad. des 
1 Soi. de Cracovie,’ 1896, 
386-390 ; ‘ Chem. Centr.* 

1897, 11. 632 (Abs.); ‘ J. 
C'hein. 8oc.’ Ixxiv. II. 
415 (Abs.) 

j ‘ Bihang till K. Vet. xVkad. 

I Handl.’ xxiii. Afd. i. No. 
I 3, 8 pp. ; ‘ Zeitschr. f. 
: anorg. Chem.’ xviii. 86 
. (Abs.); ‘Chem. Centr.’ 

1898, II. 1068 (Abs.) 

‘ Gazz. chini. Ital.’ xxvil 
! 11. 437-466 ;‘Beibhittcr,’ 

xxii. 557 (Abs.) ; ‘ J. 
Chem. Soc.* Ixxiv. II. 274 
(Abs.) 

i ‘ Astropbys. J.* vi. 22- 26 ; 
I ‘ rihem. News,’ Ixxvi. 102 
I 104. 


A. de Gramont 


Ob.servations sur les spectres des | ‘ Bull. Soc. Cliiin.’ [.3] xvii. 
composes. (Read July 23.) ' 774-778; ‘Chem. News,* 

! Ixxvi. 277 (Abs.); ‘J. 
Chem. Soc.’ Ixxvi. II. 
197-198 (Abs.) 


Spectres de dissociation des scls 
, fondus. Metaux alcaliiis. sodium, 
> lithium, potassium. (Read July 

I a:t.) 

Spectres de dissociation des scLs 
fondus ; m6talloides,chlore,bromc, 
iode. (July.) 


‘ Bull. Soc. Cliim.’ [3] xvii. 
778-782; ‘Chem, News,* 
Ixxvi. 244-216 ; *J. Chem. 
Soc.’ Ixxvi. II. 198 (Abs.) 

‘ Bull. Soc. Chilli.* [3] xvii. 
897-901; ‘Chem. News,’ 
Ixxviii. 28-29 ; ‘ Science 
Abstr.* i. 247-248. 


W. N. Hartley and 
U. Ramago. 


The Spectrographic Analysis of 
Alincrals and Meteorites. (Aug.) 


‘ Brit. Assoc. Report,* 1897 
6 10 (Abs ); ‘Chem. News, 
Ixxvi. 231 (Abs.) 
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REPOBT — 1901. 


C. Range and F. | 
Pasclien. 

F. Kchrraann 

A. dc Gramont 
H. Kayser • 

A. de Gramont 

W. Ramsay and 
M. W. Travers. 

J. Werder , 

J, J. Dobbie and 
F. Marsden. 

P. Schutzenberger 
and 0. Boudouard. 

J. Thomsen , 

B. Brauncr . 

A. Boudouard 

G. Urbain 


Chemical Relations, 1897, 1898. 


Ueber die Serieiispeotra der Ele- 
mente, Sauerstoff, Schwefel iind 
Selen. (Aug.) 


‘Ann. Pliys. u. Chem.* 
[N.F.], Ixi. (J41-G86 ; 
‘ Brit. Assoc. Rep.* 1897, 
666; ‘Chern. Nows,* Ixxvi. 
1265-256. 


Ueber die Constitution der Oxazin- 
FaibstofEe und den vierwcrtliigen 
tiauerstoif. (Read Oct. 9.) 

Dissociation Spectra o£ some Fused 
Salts. (Oct.) 

Ueber die Spectren der Elemente 
der Platingruppe. (Read Dec. 2.) 

S])ectres de dissociation dcs sets 
tondus ; soufre, phosphore, com- 
poses pliosphorcux solidcs. (Read 
Dec. 24.) 


‘Ber.* xxxii. 2601-2611. 


‘ Chem. News,*lxx\i. 201- 
204. 

‘ Abhandl. Akad. Berl.* 
1897, 44 pp. ; ‘ Beiblutter,* 
xxii. 667 (Abs.) 

‘ Bull. Soc. Chilli.* [I>J, xix. 
54-59 ; ‘J. Chem. Soc.* 
Ixxvi. II. 315 (Abs.) 


1898. 

The Companions of Argon. (Read 
Jan. 29.) 


The ironiocencily of Helium. 
(Read Jan. 29.) 


Das Refractomcler in der Wachs- 
untcrsucliung. (Jan.) 

Preparation and Properties of 
Ort hochlorobromobcnzenc. (Read 
Feb. 17.) 

iSur les torres yttriques contenue.s 
dans Ics .sables monazites. (Read 
Feb. 25.) 

Ueber Abtrennung von Helium aus 
ciner naturlichen Verbinduiig 
untcr starkes Ucht und Wuim- 
entwickcluug. (Feb.) 

On Praseodidymium and Neodidy- 
mium. (Read March 17.) 

Sur la n6odyme. (Read March 21.) 


Sur la nature du didyme qui ac- 
compagno I’yttria provenaiit des 
.sables monazites. (Read March 
25.) 


‘ Proc. Roy. Soc.* Ixiii. 
437-440 ; ‘ Science Abst r.’ 
i. 71 8 (Abs.) ; ‘ Beiblatter,* 
xxii. 61.3-514 (Abs ) ; 
‘ Zeit.schr. f. physikal. 
Chem.* xx\ i. 56 1- 667 
(Ab.s.) 

‘ l*roc. Roy. Soc.* Ixii. 
316-324 ; ‘ Chem. News,* 
Ixxvii. 61 -61 ; ‘ Chem. 

Cciitr.’ 1898, I. 707 
(Abs.) 

‘ Chem. Zeitung,’ xxii. .38, 
59 ; ‘ Chem. Centr.* 1898, 
I. 477, 631-532 (Abs.) 

‘.T. Chem. Soc.* Ixxiii. 
254-255; ‘ Chem. Centr.* 
1898, I. 1103 cAbs.) 

‘ Bull. Soc. Chim.* [3], 
xix. 227-244. 


‘Zeitschr. f. pliysikal. 
Chem.’ XXV. 112-114; 
‘Chem. Centr.* 1898, I. 
656-057. 

‘ Proc. Chem. Soc.’ xiv. 
70-72; ‘Cliem. Centr.’ 
1898, I. 919-920. 

‘C. R.’ exxvi. 900-901; 
‘ J. Chem. Soc.* Ixxiv. 11. 
518 (Abs.l 

‘Bull. Soc. Chim.* [3], 
xix. 381-382; ‘Chem. 
News,* Ixxviii. 74 ; ‘ J. 
Chem. Soc.* Ixxvi. II, 
424-425 (Abs.) 
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A. de Gramont 


J. W. Briihl . 


A. do Gramont 


J. \V. Criihl 


F. Kriigcr 


W. liam.say and 
M. W. Truvcr><. 

A. Boiidoiiurd 

(Sir W. Crookos 

W. Ram say and 
M. W. Travors. 

A. de Gramont 

»» 


W. Jtamsay and 
M, VV. Travers. 


Chemical Relations, 1898. 
Analyse spectralo dca composes 
non conducteurs par les sols 
fondus. (Read April 18.) 


‘C. R.’cxxvi. nm-lU7; 
‘ Nature/ Ivii. ()21 (Abs.) ; 
‘ Chem. News/ Ixxvii. 
118-119. 


Spnciroclioinio des Stickstoffs. 
I VI, (Read May 12.) 


! 

! 

I Analyse spectrale de quelques 
I niin^raux non conducteurs pjir 
I les sels fondus et reactions des 
1 61ements. (Read May 23.) 

Spectrocliemie des Stickstoffs ; 
VTl. Sauerstoffvcrbindungen des 
Stickstoffs im geldstem Zustande. 
(Read May 23.) 


Dio Restimmung des Humoglobin 
im Katzenblute. (May.) 


Sur nn nouvcl element, const i- 
liiaiit do lair atiuosphernpie. 
(Read Juno 0.) 


Sur les terres yttriqucs oontenues 
dans les sables mouazites. (Read 
J line G.) 

On the Position of Helium, Argon, 
and Krypton in the System of 
Elements. (Read June 9.) 

On a New Constituent of Atmo- 
spherii'. Air. [Krypton.] (Read 
June 9.) 


Spectres de dissociation des sels 
fondus ; metalloides, carbone. 
(Read June 10.) 

Spectres do dissociation des sels 
fondus ; luetalloldes, .silicium. 
(Read June 10.) 

Nouveaux gnz do Pair atmo- 
sphOrique. [Neon.] (Read June 
20 .) 


* Zeitschr. f. pbysikal. 
Chem.’ XXV. 677-()50 ; 
‘Bcr/ xxxi. 13o0--1370; 

* .1. Chem. fioc.’ Ixxiv. II. 
3G2-363 (Abs.) ; ‘ Chem. 
News/ Ixxix. 202 (Abs.) 

‘ C. R/ c.\xvi. 1613-1515 ; 

* J. Chem. JSoc.’ Ixxiv. II. 
G3.'}-63G (Abs.) ; ‘ Chem. 
News,’ Ixxviii. 2 -3. 

‘ Zeitschr. f. pliysikal. 
Chem.’ xxvi. 47-7G ; 
‘Per.’ xxxi. 1465-1477; 

* Beibliitt er,’ xxii. G61- 
662 (Abs.); *J. Chem. 
Soc.’ Ixxiv. II. 417-418 
(Abs.) ; ‘ Chem. News/ 
Ixxix. 216 (Abs.) 

‘Zeit.^chr. f. physiol. 
Chem.’ XXV. 256-257 ; 
‘Chem Centr/ 1898, II. 
194 (Abs.) 

‘C. R/ exxvi. 1610-1613; 
‘Chem. Centr. ’ 1898, 11. 
81 (Abs.); ‘Chem. News/ 
Ixxvii. 270 (Abs.) ; ‘ Na- 
ture/ Iviii. 1G7 (Abs.) 

‘C. R.’ exxvi. 1618-1651; 

‘ J. (Jhem. Soc/ Ixxiv. II. 
687(Abs.) ; ‘Chcm.Ncws/ 
Ixxviii. 28. 

‘ Proc. Roy. Soc/ Ixiii. 
•JOS- 111; ‘Zeitschr. f 
aiiorg. Chcm.’xviii. 72-76. 

‘ Proc. Roy. Sue.’ Ixiii. 
405-408; ‘ C. R.’ exxvi. 
1610-1613 ; ‘ J. de Phys.* 
[3], vii. 393-396; ‘ Bei- 
bliittcr/ xxii. 513-514 
(Abs.) 

‘ Bull. Soc. Chim.* [3] xix. 
648-6.')0 ; ‘ Chem. News,’ 
Ixxviii. 270-271. 

‘ Bull. Soc. Chim.’ [3], xix. 
551; ‘Chem. News/ 
Ixxviii. 268 (xVbs.) 

‘C. R.’ exxvi. 1762-1763; 
‘ Chem. Centr/ 1898, II. 
81 (Abs.); ‘J. Chem. 

Soc.’ Ixxiv. II. 674 (Abs.) 
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O. Urbain 


A. dc Gramont 


K. Nasini, F. An- 
derlini, and R. 
Salvadori. 

J. Dewar 
O. Neovius 

W. Ramsay and 
M. W. Travers. 


A, de Gramont 


H. R. Procter . 


W. Ramsay and M. 
W. Traver.«. 


W. Ramsay . 


E. P-iegler 


A. J. S waving 


Chemical Relations, 1898, 
Sur les terres yttriques provenanfc i 
des sables monazit6s, (Read i 

July 11.) I 


Analyse spectrale des corp.s non- 
conducteurs par les seis fondus. 
(Read July 22.) 

Sulla probabile presenza del 
coronio e di nuovi elementi 
nei gas della Solfatara di Pos- 
suoli c del Vesuvio. (Read 
Aug. 7.) 

I 

Metargon. (Aug) i 

Ueber das vcrmnthliche Vorkom- I 
men eines bis jetzt unbekannten 
Stoffes in der Atmospliiire. 
(Sept.) 


On the Extraction from Air of tlie 
Companions of Argon, and on 
Neon. (Sept.) 


Observations sur quelques spectres; 
ajuminium, tellure, selenium. 
(Read Nov. 28.) 


The Refractive Constant in Oil and 
fat analysis. (Nov.) 


The Preparation and some of the 
Properties of Pure Argon. (Read 
Dec. 15.) 


Ueber die neuerdings entdeckten 
Gase nnd der Beziehung zum 
peiiodischen Gesetz. (Read Dec. 
19.) 


Eine neue Methode zur Bestim- 
mung der Phosphorsilure auf re- 
fractometrischem Wege, (‘ Bule- 
tinul Soc. Sci. Bucarest/ vii. 172- 
174.) 

Ueber die practische Verwendung 
des RefractometersfCirdieButtei- 
untersuchung. (‘ Landw. Ver. 
Stat.’ xlix.341-.347.) 


‘C. R.’ cxxvii. 107-108; 
‘ Chem. Centr.’ 1898, II. 
408 (Abs.) ; ‘ Chem. 

News,’ Ixxviii. 61. 

‘ Bull. Soc. Chim.’ [3], xix. 
742-746 ; ‘ Chem. Centr.’ 
1898, IL 788 (Abs.) 

‘ Atti R. Accad. d. Lincei ’ 
[5], vii. 73-71; ‘ Chem. 
Centr.’ 1898, II. 617 
(Abs.) ; ‘ J. Chem. Soo.’ 
Ixxvi. II. 482-183 (Abs.) 

‘ Nature,’ Iviii. 319; ‘ Bei- 
blatter,’ xxiii. 395 (Abs.) 

‘Ann. Phys. u. Chem.’ 
[N.F.], ixvi. 162-169; 
‘ Chem. Centr.’ 1898, II. 
252 (Abs.) ; ‘ Science 

Abstr.’ ii. 52 ; ‘ Nature,’ 
lix. 46 (Abs.) 

‘Brit. Assoc. Report,’ 1898, 
828-830; ‘Chem. News,’ 
Ixxvii. 154-155 ; ‘ Chem. 
Centr.’ 1898, II. 852-853 
(Abs.) 

‘ C. R.’ cxxvii. 866-868 ; 
‘Chem. Centr.’ 1899, I. 
14(Abs.); ‘ J.Chem Soc.’ 
Ixxvi. II. 109 (Abs.); 
' Chem. News,’ Ixxix. 35 
(Abs ) 

‘J. Soc. Chem. Ind.’ xvii. 
1021-1025; ‘J. Chem. 

Soc.’ Ixxvi. Ir. 258 (Abs.) ; 
‘Chem. Centr.’ 1899, I. 
233-234 (Abs.) 

‘ Proc. Roy. Soc.’ Ixiv. 
183-192; ‘Chem. News,’ 
Ixxix. 49-50; ‘ Zeitschr. 
f. physikal. Chem.’ 241- 
250. 

‘ Ber.’ xxxi. 3111-3121 ; 
‘Chem. Centr.’ 1899, I. 
323-324 (Abs.) ; ‘ J. 

Chem. Soc.’ Ixxvi. II. 
21 1-212 (Abs.); ‘ Science 
Abstr.’ ii. 370-371. 

‘Chem. Centr.’ 1898, II. 
313-314 (Abs.) 


‘Chera. Centr.’ 1898, L 
352 (Abs.) 



OIS THE BIBLIOGRAPHY OF SPECTROSCOPY. 


201 


H. Zikes 


Chemical Relations, 1898, 1899. 

Refractometrische Bieranalyse ‘Chem. Centr.’ 1898, I 
nach Herkules Tornoe. (‘Oesterr. 1311 (Abs.) 

Chem. Zeitung,’ i. 7-9.) 


Sir J. Conro}^ 

A. Nabl . 

B. Hassclberg 


M. Wager 


W. N. Hartley and 
H. Ramage. 

Sir J. N. Lockyer . 

W. Hallwachs 

R. T. Giinther and 
J. J. Manley. 

M. Berthelot . 

P. Lewis 

C. Benedicks . 


J. B. Fiankforter 
and E. P. Hard* 

* 

A Cbilesotli . 


Sir J. N. Lockyer . 


1899. 

On the Refractive Indice.s and 
Densities of Normal and Semi- 
normal Solutions of Hydrogen 
Chloride and the Chlorides of the 
Alkalis. (Read Jan. 19.) 

Ueber farbende Bestandtheile des 
Amethysten, Citrins, und gebrann- 
tcn Amethysten. (Read Feb, 3.) 

Note sur la diffusion cosmique de 
vanadium. (Read March 8.) 


Oel- und Firnisanalyse mittels Re 
fractometers. (March.) 


A Spectrographic Analysis of Iron 
Meteorites, Siderolites, and Me- 
teoric Stones. (April.) 

The Present Standpoint in Spec- 
trum Analysis. (April.) 

Ueber ein Doppelrefractometer 
und Untersuchungen mit dem- 
selben an Ldsungen von Brom- 
cadmium, Zucker, I)i- und Tri- 
chloressigsiiure, sowie deren 
Kaliumsalze. (May.) 

On the Waters of the Salt Lake of 
Urmi. (Read June 15.) 


Nouvelles recherches sur I’argon et 
ses coinbinaisons. (Read July 10.) 

Ueberden Einfluss kleiner Beimen- 
guDgeu zu einem Case auf de&sen 
Spectrum. (July ) 


Beitriige zur Kenntnis des Gado- 
liniums. (Sept.) 


A Chemical Study of Wheat. (Sept.) 


Sul potere rifrangente di alcuni 
idrocarburi a nuclei benzolici con- 
densati. (Read Nov. 14.) 

The Methods of Inorganic Evolu- 
tion. (Nov.) 


‘ Proc. Roy. Soc.’lxiv. 308- 
318. 


‘Monatsh. f. Chem.’ xx. 
272-281 ; ‘ J. Chem. Soc.’ 
Ixxvi. 11. 561 (Abs.) 

‘ Oefvers. K. Svenska Vet. 
Akad. Forhandl.’ Ivi. 131- 
140; ‘J. Chem. Soc.’ 

Ixxx. II. 251. (Abs.) 

‘ Zeitschr. f. angew.Chem.’ 
1899, 297-300; ‘Chem. 
Centr.’ 1899, I. 1004- 
1005 (Abs.) 

‘ Astrophys. J.’ ix. 221- 
228. 


‘ Nature,’ lix. 585-588. 


‘ Ann. Phys. u. Chem.* 
[N.F.], Ixviii. 1-4 ; ‘J. 
Chem. Soc.’ Ixxvi. II. 
4GI-4G2 (Abs.) ; ‘Science 
Abstr.’ ii. 597. 


‘ Proc, Roy. Soc.’ Ixv. 
312-318: ‘Nature,’ lx. 
359-3G0 (Abe.) 

‘ C. U.’ cxxix. 71-84 ; 

‘ Nature,’ lx. 288 (Abs.) 

‘Ann. Phys. u. Chem.’ 
[N.F.], Ixix. 398-425 ; 
‘ Astrophys. J.’ x. 137y 
163 ; ‘ Science Abstr.’ iii. 
181. 

‘ Zeitschr. f. anorg. Chem.’ 
xxii. 393-421; ‘Chem. 
News,’ Ixxxi. 61-53, 6‘2- 
(>3, 77-78. 

* J. Amer. Chem. Soc.’ 
xxi. 768-769 ; *J. Chem. 
Soc.’ Ixxviii. II. 37 (Abs.) 

‘ Gazz. chim. Ital.’ xxx. I. 
149-109 ; ‘ Chem. Centr.’ 
1900, I. 797 (Abs.) 

‘ Nature,’ Ixi. 129-131. 
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Chemical Relations, 1899, 1900. 

A. Haller andP. M. Sur les refractions moleculaires, la ‘ C. R.’ cxxix. 1006-1008 ; 
Miillcr. dispersion moleculaire, et le pou- ‘ Beibliitter,’ xxiv. 448 

voir rotatoire do quolques alcoyl- (Abs.); ‘J. Ohem. Soc.’ 

camphres. (Read Dec. 11.) Ixxviii. I. 182 (Abs.) 

F. Stolle . . ITntersnchungen fiber Karamel- ‘ Zeitschr. ver. Rfiben- 

korpcr. II. Quantitative Bcstim- j'ucker-Industr.’ xlix. 

mung des Karamels in wasserigen 839-842 ; ‘ Chem. Centr.’ 

Ldsungen mittels des Spectro- 1899, II. 1099 (Abs.); 

scops. ‘J. Chem. vSoc.’ Ixxviii. 

II. 219-260 (Abs.) 

J. Formanek . . Ueber den spectroscopischen Nach- ‘ Chem. Centr.’ 1899, I. 

weis der organischen Farbstoffe 947 (Abs.) 

(‘ Z. Unters. Nahr.-Genus.’ii. 200- 
273.) 

V. Arnold . . Ein Beitrag zur Spectroscopic des ‘ Chem. Centr.’ 1899, II. 

Blutcs (‘ Centralbl. f. med. Wiss.’ 344 (Abs.) 
xxxvii. 4G5-468.) 


1900. 

S. Young and Note on the Refraction and Mag- | *J. Chem. Hoc.’ Ixxvii. 
Emily C. Fortey. netic Rotation of Hexamethylene. I 372-374 ; ‘ J’roc. Chem. 

(Read Feb. 16.) ] Soc.’ xvi. 41 (Abs.) 

W. N. Hartley and Spectrographic Studies in Tauto- I ‘ J. Chem. Soc.’ Ixxvii. 
J. J. Dobbie. merism. The Absorption Curves ' 498-612; ‘Proc. Chem. 

of the Ethyl Esters of I hber.zoyl- i Soc.’ xvi. 67-68 (Abs.); 
succinic Acid. (Read March 1.) i ‘ Chem. News,’ Ixxxi. 1 41 

I (Abs.) 

A. Ladenberg and Ueber das Krypton. (March.) I ‘ Sitzungsb. Akad. Berlin,’ 

C. Kriigel. ! 1900,212-217 j ‘J.Chem. 

, vSoc.’ Ixxviii. II. 640 

1 (Abs.) 

E. Demarc;ay. . Sur le Samarium. (Read April 30.) ' ‘ C. 11.’ cxxx. 1186-1186; 

‘Chem. Centr.’ 1900, I. 
]199-1200(Abs );‘(:hem. 
News,’ Ixxxi. 251 (Abs.) ; 
‘J. Chem. So(i.’ Ixxviii. 
11. 459 (Abs') 

‘ Zeitschr.f.physiol.Chem.* 
xxix. 411-115; ‘Chem. 
Centr.’ 1900, Tl. 129 

(Abs.) 

‘ Proc. Roy. Soc.’ Ixv. 186- 
191 ; * Nature,’ lx. 52-64 ; 

‘ J. Chem. Soc.’ IxKvi. II. 
718 (Abs.) 

‘C. R.’ cxxx. 1469-1472; 

‘ Chem. Centr.’ 1900, II. 
19-20 (Abs); ‘Chem. 
News,’ Ixxxi. 311 (Abs.) 

‘Monatsh. f. Chem.’ xxi. 
831-844 ; ‘ Chem. Centr.’ 
1901, 1. 222 (Abs.) ; ‘ Bci- 
blatter,’ xxv. 194 (Abs.) 

‘ C R.’ cxxxi. 343-346 ; 
‘J. Chem. Soc.’ Ixxviii. 
11. 697-698 (Abs.) 


J. FormAnck . Ueber Acetophenon Azobilirubin. 

(April.) 


Sir J. N. Lockyer . On the Chemical Classification of 
the Stars. (Read May 4.) 


E. Demar^ay . Sur les terres inconnues conteniics 
dans la samarine brute. (Read 
May 28.) 

O. V. Georgievics Ueber die AzofarbstofTe aus jS- 
and E. Valenta . naphtol und den Monosulfosiiuren 
des a - nai^htylamins. (Read 
June 16.) 

E. Demar(?ay . . Sur le gadolinium. (Read July 30.) 
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Chemical 
P. Lewis 

C. Rivi^ire 

W. Rjimaay and 
M. W. Travers . 

W. N. Hartley and 
II. Ramage . 

W. Muthmann and 
L. Stiitzel . 

F. Eraich 
K. Tbsen 

G. Hiifner 

J. A. Grober . 

G. F. FitzGerald , 
A. Cornu 

II. A. Lorentz 

P. Drude 

A. Scluister . 


Relations, 1900. — Theoretical Papers, 1897, 1898. 


Ueber den Einlluss kleiner Rei- 
inengungen zu einem Gase auf 
dessen Spectrum. II.Abth. (July). 


Indicc de refraction et dispersion 
du brome. (Read Oct. 22.) 

Argon and its Companions. (Read 
Nov. 15.) 


On a Simplified Method for the 
Spectrographic Analysis of Mine- 
rals. (Read Nov. 15.) 

Reitriige zu Spectralanalyse von 
Praseodym. (Nov.) 

7j\it Empfindlichkeit der Spectral - 
reactionen. (‘Wien. Anz.’1900, 78.) 

Ein weitorer Beitrag zum spec- 
tra len Blutnachweis. (‘ Viertel- 
jahrb. f. ges. Med.’xix. 1-9.) 


I * Ann. der Pliys-X"!] i* ‘117- 
458; ‘Nature,’ Ixii. 381 
(Abs.); ‘Astrophys. J.’ 
xii. 10-23 ; ‘ J. Ohem. 
Soc.’ Ixxviii. I. 701 (Abs.) 

‘C. R.’ cxxxi. 671-072; 

‘ Nature,’ Ixiii. 24 (Abs.) 

* Proc. Roy. Soc.’ Ixvii. 
329-333 : ‘ Nature,’ Ixiii. 
165; ‘ Chem. Nows,’ 

Ixxxii. 257-258. 

‘ J. Chem. Soc.’ Ixxix. 61- 
71 ; ‘ Proc. Chem. Soc.’ 
xvi. 191 (Abs.); ‘Chem. 
Nows,’ Ixxxii. 277 (Abs.) 

‘ Bcr.’ xxxii. 2653-2671; 
‘ Chem. News,’ Ixxxii. 
282 (Abs.) 

‘ Beibliitter,’ xxiv. 471 
(Abs.) 

! ‘ Chem. Centr.’ 1900, i. 
I 688-G89. 


Ueber die h Bestira- 
mung zwckr I'aio-i- :!.■ im Blute 
mit Iliilfe des Spectrophotometer. 
(‘ Arch. f. Physiol.’ 1900, 39-48.) 


‘ Chem. Centr.’ 1900, i. 
512-513 (Ab.\); ‘ J. 

Chem. Soc.’ Ixxviii. II. 
459 (Abs.) 


Quarititativen Zuckerbestimmun- ‘Chem. Centr.’ 1900, i. 
gen mit dern Kintausclmdracto- 626-627 (Abs.) 
meter. (‘ Centralbl. f. inn. Med.’ 
xxi. 201-217.) 


IX. 

THEORETICAL PAPERS. 

1897. 

I Zeeman’s Phenomenon. (»Sept.) ‘ Nature,’ Ivi. 168. 

i Sur Pobservation et I’interprotation ! ‘ Seances de la Soc. Franc^. 

I cin6matique des ph6nomenes d6- i de Phys.' 1897, 138-143. 

I coiivertes par M^ le Dr. Zeeman, i 
I (Read Nov. 5.) 

I Ueber den Einlluss maguetischer , ‘Ann. Phys. u. (’hem.’ 

Krilfte auf die Emission des [N.F.], Ixiii. 278-284; 
' Lichtes. (Dec.) ■ ‘Science Abstr.’ i. 387- 

i i 388 


1898. 

Die optische Constanten des Na- ‘Ann. Phys. u. Chem.’ 
triums. (Ifeb.) I [N.F.], Ixiv. 159-162; 

I ‘ Nature,’ Ivii. 500 (Abs.) 

Prof. C. Runge and F. Paschen’s ‘ Nature,’ Ivii. 320-321 ; 
Researches on the Spectra of Oxy- ' ‘ Ann. Phys. u. Chem.’ 
gen, Sulphur, and Selenium. (Feb.) [ N.F.], Ixi. 641; ‘ Bei- 

bliittcr ’ xxii. 400 (Abs.) 
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G. F. FitzGerald 


A. Pfliiger 


n • 

J. G. Leathern 

J. Wilsing 

A. Kighi 

H. A. Lorentz 

S. A Mitchell 

Lord Kelvin . 
C. A. Mebius . 

W. Voigt 

A. Bovida 


Theobetical Papee?, 1808. 

Note on the Connection between 
the Faraday Rotation of Plane of 
Polarisation and the Zeeman 
Change of Frequency of Light Vi- 
brations in a Magnetic Field. 
(Read March lO.) 

]*riifung der Ketteler-Helmholtz- 
’schen Dispersionsformeln an den 
optischen Constanten anomal- 
dispergirender fester Farbstollc. 
(April.) 

Nachtrag zu der Abhandlung I 
‘ Pnifiing der Ketteler-Helin- 
holtz'schen Dispersionsformeln 
an den optischen Constanten 
anomal - di-'peiginmdor fester 
Farbstoffe.’ (\prii.) 

Priifung der Cauchy’sehen Formeln 
der Ivletallreflexion und den opti- 
schen Constanten des festen Cya- 
nins. (April.) 

On the Possibility of Deducing 
Magneto-optic Phenomena from a 
Direct Modification of an Electro- 
dynamic Eneigy Function. (Read 
May 10.) 

'Theoretical Considerations respect- 
ing the Dependence of Wave- 
length on Pressure which Messrs. 
Humphreys .and Mohler have 
ob>erved in the Arc Spectra of 
certain Elements. (May.) 

Sulla interpretazione cinematica 
del fenomeno di Zeeman. (Read 
June 11.) 

Beschouwingen over den Invloed 
van een magnetisch Veld op de 
Uitstraling van Licht. (Read 
June 25.) 

Notes on the Concave Grating. 
(June.) 

TheDynamical Theory of Refraction 
and Anomalous Dispersion, (Sept ) 

Om B. G.alitzin’s teorie fur spectal- 
liniernas utbredning. (Retad Oct. 
12 .) 

Zur Theoric der von den Herron 
Macaluso und Corbino entdeckten 
Erscheinuugen. (Read Nov. 26.) 

La luce monocromatica come 
vibrazione ammortita. (Nov.) 


‘ Proc. Roy. Soc.’ Ixiii. 81- 
85 ; * Science Abstr.’ i. 
886-887 ; ‘ Beibliltter/ 

xxii, 869-870 (Abs.) 


‘ Ann. Phys. u. Chem.’ 
[N.F.], Ixv. 178-218 ; 
‘Science Abstr.’ i. 687- 
688 . 


‘Ann. Phys. u. Chem.* 
[N.F.], Ixv. 225-228. 


‘ Ann. Phys. u. Chem.* 
[N.F.], liV 214-224 ; 
‘ Science Abstr.* i. 639 
(Abs.) 

‘ Trans. Phil. Soc. Camb.’ 
xvii. 16-40; ‘Proc. Phil. 
Soc. Camb.* ix. 530-681 
(Abs.) ; ‘ Beibhltter,’ 

xxiii. 257-258 (Abs.) 

‘Astrophys. J.’ vii. 317- 
329 ; ‘ Beibliltter,* xxii, 
558-559 (Abs ) ; ‘ Sciencj 
Abstr.’ i. 68»9-6l(). 


‘ Rend. R. Accad. d. Li- ce ’ 
[6], vii. I. 295-301 ; 
‘ Science Abstr.’ ii. 165- 
167. 

‘ Z it tings versl. R. Akad. 
Amsterdam,’ 1898-9, 
Deel, vii. 113-122 ; 
‘ Nature,* Iviii. 860 (Abs.) 

‘Johns Hopkins Univ. 
Circ.’xvii. 56-58 ; ‘ Astro- 
phys. J.’ viii. 102-112. 

‘ Brit. Assoc. Report,’ 1 898, 
782-783. 

‘ Oofvers.af. K Vet. Acad. 
Fdrh.’ Iv. 485-495 ; ‘ Bei- 
bhltter,’ xxiii. 419-420 
(Abs.) 

‘Gott. Nachr.’ 1898, IV. 
349-354. 


* Rivista scientifica,* xxx. 
225-236; ‘ Science Abstr.’ 
ii. 599-600. 
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R. V, Kovesligeiliy 

J. IJarlmann . 

Ch. Fabry and A. 
Perot. 

D. Macaliiso and 
0. M. Corbino. 

A. Cotton 
Lord Kelvin . 

0. M. Corbino 

J. Larmor 

F. Sclilcsinger 
II. Poincare . 

IT. Veilloii . 

W. Voigt 

Lord Rayleigh 
W. Voigt 


Theoretical Papers, 1898. 

Her beiden Parametergleichungen 
der Spcctralanalyse. 


Ueber ein cinfaclie Intcrpolations- 
formel fiir das prisniatische Spec- I 
tnuii. (‘Publ. d. Astropliys. I 
Obsorvat. z\\ Potsdam,* xii. 25 pp.) j 

Tbeorie ct applications d’une , 
iioiivelle inetliode de spectroscopic j 
int erf ('rent ielle. (Jan.) I 

j Sulla relaziono tra il fenomenodi j 
Zeeman e la rotazione magnetica 
anomala del piano de polarizza- i 
zionc della luce. (Read Feb. 5 ) 

L’aspect actuel de la loi de Kirch- 
hoir. (Feb ) 

Appl'cation of Scllmeier’.s Dynami- 
cal Theory to the Dark Lines, T),, 
I)„ ])roduced by Sodium Vaju-uir. 

(bVb) 

Sulla dipendenzatra il fenomeno di 
Z(i('nian c Ic altri inodiHc,azioni 
(du.* la luce subisci' dai vapori 
nudallici in un carcpo magnetico. 

1 (Read March 5.) 

On the Origin of l^Iagmdo-optic 
Rotation. (Road March G ) 

Reduction to the Sun of Ob^erva- 
tiona for Motion in the Line of 
Sight. (Feb.) 

La thf'orio do Lorentz et h* plicno- 
j Micncj <lc Zeeman. (April.) 

! Elementaro gcomctrischc Bchand- 
! lungdes Minimumsder Ableiiknng 
' bcim Prisma. (May.) 


VVeiteies zur Thcorio dcs Zeeman- 
oUectt's. (Juno.) 


Zur Erkliining dor iinter gewi.si-en 
Unistiiiidcu cintreleudeii V(*r- 
biciterung uml Umkebrung dor 
Si;ectrallinien. (July.) 

The Theory of Anomalous Disper- 
sion. (-luly.) 

r»ciM(rkuii.r liber die bei dem 
ZeemanVehon Phanomen statt- 
findendeii Intensitiitsverhalt- 
qisse. (Sept.) 


* Math. u. nalurwiss. Ber. 
aus Ungarn,’ xvi. 1-50 ; 
‘ Beibljitter,’ xxiv. 12S0- 
1281 (Abs.) 

‘Aslronhys. J.* viii. 218- 
222 . 


‘ Ann. Chim. etPhys.* [7], 
xvi. 1 15-1 44; ‘Bei blatter,* 
xxiv. 178-180 (Abs.) 

‘ Rend. R. Accad.d. Lincei * 
[5], viii. I. 116-121; ‘11 
Nhiovo Cimento * [4], ix. 
:1S4-;189. 

‘ Rev. gen. dos vScienccs,’ 
X. 102-115. 

‘ Phil. Mag ' [5],xlvii. 602- 
H08 ; ‘ Science Abstr.* ii. 
(las ; ‘Astrophys. J.’ ix. 
231-266. 

‘ At 11 R. Accjvd. d. Lincei * 
[5], viii. I. 2r)0-‘254; 
‘ Science Abstr.* ii. G61- 
662. 


‘ Proc. Phil. Soo. Camb.* 
X. 1S1-IS2 ; ‘ Nature,’ lix. 
527 (Abs.) 

‘Astrophys. J.’ ix. 159- 
161 ; ‘ Science Abstr.’ ii. 
728. 

‘ I/l^iclairage electruiue,* 
xix. 5-1.5: ‘Science 
Ab.str.’ ii. 767. 

‘ Zeitachr. f. pbys. u. 
cliein. Untcri.' xii. 150- 
l.‘i2: ‘ Beiblattor,’ >xii. 
552 (Abs.) 

‘Ann. Pins ii. Choin.* 
[X.F.], Ixviii. 6.72-661; 

• Science Abstr.’ li. 6t>2. 

‘Ann. Plivs. u. (’bem.* 
[11 F.], Ixviii. 601-606 ; 

‘ Science Ab^tr.’ ii. 767 - 
768. 

‘ Phil. Mag.’ [5], xlviii. 
1 5 1 -1 52 ; ‘ Beiblatter,’ 

xxiii. 983 (Abs.) 

‘ Ann. Phys. u. Chem.’ 
[N.F.], Ixix. 290-296 ; 
•Science Abstr.* ii. 822 
(Abs.) 
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H. A. Loreiitz 


\V. A. Micliclson 


Theoretical Papers, 1898, 1900. 


7mr Theorie cles Zecmancffectes. 
(Oct.) 

Zur Frage libcr die riclitige An- 
wendung des Bopplcr’schcn Prin- 
zips. (In Russian.) 


‘ Phys. Zeitschr.* i. 39-41 ; 

* Beiblattor,* xxiv. 930- 
931 (Abs.) 

‘ J. Russ. Phys- Chem. 
Soc.* xxxi. 119-125; 

* Beibliitter,’ xxiv. 251- 
253 (Abs.) 


A. de Granjont 

E. Riecke 

W. W. Campbell 

H. Lehmann . 

E. V. Capps . 

U. Planck . 

»i • 

G. J. W. BrcMior 

0. Viola 


1900. 

Sur quelques cons6qnencewS des 
formulas du prisiue. (Read Feb. 
12 .) 

" .!■' *: ■ '■ \ .■ ■ • 
eiiies Liiiienspecirums. 


The Determination of the Moon's 
3'heoretical Spectrographic Velo- 
city. (March.) 

Ueber Spectra lapparate mit dreh- 
barem Gittcr. (July.) 

Bestimmung des Spaltwcrthes fiir 
spcctrophotometrischeMessungcn. 
(Sept.) 

Uober eine Verbesserung der Wien 
s(dien Spcctralgleichung. (Read 
! Oct. 19.) 

1 Zur Theorie des Gesetzes dor 
1 Energievertheilung im Normal- 
I spectrum. (Read Dec. 14.) 


Indices de refraction des .solutions 
du chlorure do calcium. 

Lo deviazioni minime della luce 
mediant 0 })rismi di sostanze 
anisotrope. 


‘C. R.’ exxx. 40 :j- 40(;; 
‘ Beibliitter,’ xxiv. 450 
(Abs.) 

‘ Ann. der Phys.' [4] i. 399- 
413 ; ‘ Science Abstr.’ 

iii. 308 ; ‘ Physikal. 

Zcitschr.’ ii. 107-108. 

‘Astrophys. J.’ xi. 141- 
142; * Heibhlttcr,* xxiv. 
784, 785 (Abs.) 

‘Zeitschr.f. Instrumcnten- 
kundc,’ XX. 193-201. 

‘Phj'sikal, Zeitschr.’ i, 
558- 5G0. 


‘ Verb. Deutsch. phys. 
Gcscllsch.* [2J, ii. 202- 
201 . 

‘Verb. Deutsch. phys. 
Gcscllsch.’ [2], ii. 237- 
245 ; * Science Abstr.’ iv. 
230. 

‘ Arch, neerland.’ [2], v. 
208-213 ; ‘ Science Abstr.* 
iv. 303. 

‘ Rend. R. Accad.d. Lincei * 
L5J,ix. 1. 190-201. 


Lifit of the Chief Ahhreviatloitis 'tfaed in the ahore Catalogue, 


Abhrovialcd Title. 

Amer. J. Sci. 

Ann. Agron. 

Ann. Chem. u. Pharm. 

Ann. Chim. et Phys. . 

Ann. de Chim. 

Ann. Obs. Bruxelles . 

Ann. Phys. u. Chem. [N.F.J 

Arch, de Geneve 

Arch. f. Anat. u. Physiol. 

Arch. f. d. gesammto 
Physiol. 


Full Title. 

American Journal of Science (Silliman’s). 

Annales Agronomiques. 

Annalen der Chemie und Pharmacic (Liebig). 

Annales do Chimie et de Physique. 

Annales de Cliimie. 

Annuaire de PObservatoirc de Bruxelles. 

Annalen der Physik und Chemie [Neue Folge] 
(Wiedemann). 

Archives des Sciences Physiques et Naturelles (Gen5ve). 
Archiv fiir pathologische Anatomic und Physiologie 
und fiir klinische Medicin (Virchow). 

Archiv fur die gesammte Physiologie (Pfliiger). 
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Abbreviated Title. 

Arch. f. exper. Pathol, u. 

Phavniakol- 
Arch. n6erlan(l . 

Astr. Nachr. 

AHtrophys. .T. . 

Atti d. U. Accad. d. Lincei 
Beibliitter .... 

Bev 

Bied. Centr. 

Bot. Zeitun}^ 

Bull. Astron. 

Bull. Soc. (Miim. 

Bull. Soo. Min. de France 
Bull. Acad. Belg. 

(Miera. Contr. 

C. U 

DtMikschr. Akad. Wion. 


Bingl. .7 

Gazz. chim. ital. 

Gdtt. Nachr. 

Handl. Svonsk. Vet. Akad, 

Jahrb. f. Photo^r. 

.1. Cheiii. Soc. 

J. de Phvs. 

J. Plijsiol 

J. j)raki. (’hem. . 

J. Russ. Phys.-(’hem. Soc. 

J. Soc. CJhein. Ind. 

.7. Soo. franc, de Phys. 
Math. u. naturwiss. Bor, 
aus rngarn. 

Mem. spettr. ital. 

^lonatsb. Akad. Boil. 

Monatsli. f. Chem. 

Month. Not. 11. A.S. . 

Oefvers. af I\. Vet. Akad. 
Fdrh. 

Phil. Mag 

Phil. Trans. 

IMiot. Mitllieil. . 

Phys. Revuiw 
Phys. Revue 
Proc. Phys. Soo. . 

]»roc. Roy. Inst. . 

!*roc. Hoy. So(\ . 

Kec. des trav. chiin. dos 
3*ays-Bas. 

Rend. R. Accad. d. Lincei 
Rev. g(in. des Sc'.i. 

Riv. sci. industr. 


Full Title. 

Archiv fiir experimentelle Pathologie und Pharmako- 
logie. 

Archives neerlandaises des Sciences exactes et natu- 
relies (Haarlem). 

Astronomische Nachrichten. 

The Astrophysical Journal (Chicago). 

Atti della Reale Accadiimia dei Lincei. 

Beibliitter zu den Annalen der Physik und Ghemie 
(Wiedemann). 

Bcrichte der deutschen chemischen Gosellschaft. 

Biedermann’s Centralblatt fiir Agriculturchemic. 

Botanische Zeitung. 

Bulletin AstronomKpie (Observatoire de Paris). 

Bulletin de la Societf* Chimiqiie de Paris 

Bulletin de la Soci('*to Min6ralogique de France. 

Bulletin de PAoadomie royale des Sciences, des Lettres 
et des Beaux- Arts de Belgique. 

Chemisclies Centralblatt. 

Comptes Rendus de I’Academie des Sciences (Paris). 

Denksehriften der Akademie dor Wissenschaften in 
Wien (Mathematisch - naturwissenschaftliclio 
Classe). 

Hingler's polytcchnisclics Journal. 

Gazzetta chimicaitaliana. 

Nachrichten von der Georg-August-Universitiit und der 
k<migl. Gesellsoliattdor Wissenschaften (( i'J’t i:). 

Handl ingar K. Svenska Vet enskaps Akademiens (Stock- 
holm). 

Jahrbuch fiir Photogvaphie (Eder). 

Journal of the Chemical Society' of London. 

Journal de Physique. 

Journal of I'hysiology. 

Journal fiir praktische flicmio. 

Journal of the Russian Physico-Chemical Society (in 
Rns.sian). 

Journal of the Society of Chemical Industry. 

Journal de la SoeiotC* fraiioai.^e dc I’hysique. 

Mathematische und naturwissenschaftliehe Berichte 
aus ITiigarn. 

Mi'morie della SooietA degli Spetiro.scopisti italiani. 

Monatsberichte der AksMlemie der Wissenschaften zu 
Berlin. 

Monatsh(*fte fiir Cliemie (Wion). 

^lonthly Notices of the Royal Astronomical Society of 
London. 

Defversigt af K. Svenska Vetonskaps Akademiens Fiir- 
haiidlingar. 

London, FV-’ . ' . " Publin Philosojihical Magazine. 

Philosophical Transiietions of the Royal Society of 
London. 

Photngrapliische Mittheilungen (Vogel). 

Physical Review. 

I’hysikalische Revue. 

Proceedings of the Physical Society of London. 

Proceedings of the Royal Institution of Great Britain. 

Proceedings of the Royal Society ot London. 

Recucil des travaux cliimiqiies des Pays-Bas. 

Rendiconti della Reale Acciidemia dci Lincei. 

Revue generalo des Sciences pures et appliances 
(Paris). 

Rivista scientifico-industriale. 
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Abbreviated Title. 
Sitzungsb. Akad. Bcrl. 

^itzungsb. Akad. Muneben 

Sitzungsb. Akad. Wien, 

Sitznngsb. pbys.-med. See. 
Krlangen. 

Skand. Arch. f. Physiol. . 
Verb. phys. Gesellscb. 
Berlin. 

Versl. d. K. Akad. Wet. 

Amsterdam. 

Wien. Anz. 

Zeitschr. f. anal. Chem. 
Zcitschr. f. anorg. Chem. . 
Zeitschr. f. Kryst. u. IHin. . 
Zeitschr. f. phys-ikal. Chem. 
Zeitschr. f. jibys. ii. chem. 
Unterr. 

Zeitschr. f. physiol. Chem. 
Zeitschr. f. wiss. Micro- 
scopic. 


Full Title. 

Sitzungsberichte dcr Akademie der Wisscnschaften zii 
Berlin. 

Sitziingsberiohte der kdniglicli baierischnn Akademie 
zn Miinchen. 

Sitznngsberichte der Akademie der AVissenscliaften zu 
Wien. 

Sitznngsberichte der phys.-mcdiciniscben Socieliit zu 
Erlangen. 

Skandinavisebes Arcliiv fiir Physiologie (Leipzig). 

A^erhandlungen der physikalischen Gesellschaft zu 
Berlin. 

Verslagen van de Koninklijke Akademie van Weten- 
schappen tc Amsterdam. 

Anzeiger der k. Akademie der Wisscnschaften zu Wien. 

Zeitschrift fiir analytisehe Chemie. 

Zcitschrift fiir anorganische Chemie. 

Zeitschrift c;. K'.v-'.'iVi .;.:|hii -i.-l Miiieralogie. 

Zcitschrift ici s i.i -. <■ { i.. 

Zeitschrift fiir physikalischen und chemischen IJntcr- 
richt. 

Zeitschrift fiir physiol ogischc Chemie. 

Zeitschrift fiir wissenschaftliche Microscopic. 


Ahsorpfio7h Sj)ectramul Chemical Coiisiitfdwn of Organic Snhstayices . — 
Third Interim Heport of the Camwittee^coimding of IVofessor W. 
Noel IIartlev (Chairman and iSecrctarg)^ Professor F. K. Japp, 
Professor J. J. Dobbie, and Mr. Alexander Lauder, apgiointed 
to investigate the Belaiion hetween the Ahsoiytion iSpeefra and 
Chemical Constitution of Organic Huhstances, 

Appendix. — List of Absorption Spectra investigateil pagr 225 

The Committee decided to report this year upon the examination of 
isomeric cyanogen compounds. The preparation of some of these sub- 
stances in a state of purity had proved to be an exceedingly tedious piece 
of work, but the labour bestowed has been fully ju.stified by the results 
obtained. 

A further contribution to studies in tautomerism has been completed 
by an examination of the absorption spectra of dibenzoylmethane and 
a-oxybenzalacetophenone (a-hydroxybenzylidene acetophenone). 

Some work on the subject of dyes and the examination of phloro- 
glucinol and its derivatives has also occupied much attention ; this work 
is, however, not yet quite so complete as to admit of it being embodied 
in this report. The Committee desire to bo ri'appointed for the purpose 
of completing the work now in progress. 


The Ahsorptio7i Spectra of Cyanogen Compoumh. By Walter Noel 
Hartley, F.E.S., James J. Dobbie, J),Sc.^ and Alexander 

Lauder, 

The following investigation was undertaken with the view of ascer- 
taining whether by an examination of the absorption spectra of the 
cyanogen compounds it might be possible to throw some light upon the 

' Trans, Chem. Soc.^ 1901, 79, p. 848. 



ON ABSORPTION SPECTRA AND CHEMICAL CONSTITUTION. 209 


vexed question of the constitution of these substances. Some of the 
substances of a simple constitution belonging to this group had been 
previously examined. 

W, A. Miller and also L. Soret proved the transparency of hydrocyanic 
acid and the cyanides,^ and Hartley, independently, found that hydrocyanic 
acid is a remarkably diactinic substance which exhibits no trace of 
selective absorption. Cyanuric acid, owing to difliculties in its exami- 
nation, arising out of its sparing solubility and tlie necessity for examining 
warm solutions, at first appeared to give evidence of selective absorption. 
It was subsequently proved, however, that there was no absorption band 
even in layers of liquid 200 mm. thick, but that the rays between wave- 
lengths 3330 and 2572 — that is, to where the spectrum was sharply cut 
off — were only feebly transmitted.^ 

In the present research some derivatives of cyanic acid have been 
included, but attention has been directed chiefly to cyanuric acid, melam- 
ine, and their respective alkyl derivatives. 

The derivatives of cyanic acid which were exaii lined are highly 
diactinic and show only general absorption. 

Cyanuric acid is commonly reprcsent(‘d as a closed ciiain compound 
in which the chain is formed of alternates atoms of carlion and nitrogen 
united by alternate double and single bonds (Formula 1.), and a similar 
structure is assigned to the methyl ester (methyl cyanuratc ; m.p. 135°), 
which is obtained from cyanuric chloride by the action of sodium 
methylate. The methyl ester (methyl iso-cyanurate, methyl tricarbimide ; 
m.p. 175°), on the other hand, which is prepared by th(‘, distillation of 
potassium cyanate with potassium methyl sulphate, is represented as a 
derivative of iso-cyanuric acid (Formula TI.), which contains three keto- 
groups and has the carbon and nitrogen atoms united by single bonds 
only. In this ester the alkyl radicals are din'ctly united to the nitrogen 
atoms. 


Formula I. 

HO.C : N.C.OH 

I II 

N : C.N 

1 

oir 

Cyanuiic acid. 


Formula II. 
OC.NH.CT) 

I I 

HN.CO.KH 


Jso-rynnunc arid or 
tiicarbimide. 


Pyridine and dimethylpyrazine, in which there are carbon and nitrogen 
atoms united by alternate double and single bonds, exhibit strong and 
persistent absorption bands, the .selective aUsorption being more pro- 
nounced in dimethylpyrazine,^ which contains two nitrogen atoms, than 
in pyridine, which contains only one. It was therefore to be expected 
that substances possessing the constitution assigned to normal cy anuric 
acid and its esters would likewise exhibit marki'd selective absorption, 
and that even to a greater extent than •liin- i]i\l| \i.!. !• 

On the other hand it was to bo anticipated that the alkyl derivatives 


’ Phil. Trans. ^ 1862, pp. S61-8S7 ; y. Chrm. S<fc , vnl. ii. p. 68 ; Arch, des Sc}r?)ces 
Geneva, 61 , 1S78. 

^ Trans. Chem. 1882, 41 , p. 45. ^ /Vcc. (Item, IXJ^O, 15 , 46, 

* ''Trans. IIW, 77. 816. 


1901, 


p 
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of iso-cyanuric acid (Formula II.) would behave like ])iperidine and other 
bodies composed of a closed chain of singly linked carbon atoms or of 
carbon and nitrogen, where one or more carbons are replaced by niirog(*n 
atoms, and which exhibit general absorj)tion only. All the cyanuric 
compounds, however, w'hich we have examined show only general absorp- 
tion, and give no indication of the presence of absorj)tion bands. 

This result is what was anticipated in the case of derivatives of iso- 
cyfinuric acid ; but so tar as cyanuric acid and its esters arc eoncorned it 
is remarkable — especially when considered in connection with the fact 
that no strict experimental evidence has yet been advanced in support of 
the commonly received structural formula for cyanuric acid. Methyl cyan- 
urate (m.p 1*15°) yields on saponification with alkalies cyanuric acid and 
methyl alcohol. It is therefore regarded as the ester of normal cyanuric acid 
(Formula I.), a conclusion wdiich is supported by its method of fcu’iiiation 
fi’ora sodium methylate and cyanuric chloride. Triiucthylcarbimid(‘. 
(m.p. 175"), on the other hand, yields methylamine on tr(‘atment with 
alkalies, and is tliereforo regardefl as a derivative of iso cyanuric acid 
(Formula JI.). It is generally admitted, however, that chemical evi(l('m*(5 
of this kind and in such cases is fre(|U(*ritly iinrelial>ic.'^ 

In this instance the sjiectrographic examination confirms I he result 
arrived at on jmrely chemical grounds. The sp(‘ctra of metliyl cyanura<(* 
(m.p. 155°) hear a close I'csemldance to tliosis of cyanuric acid, the 
absorption being somewhat greater owing to the replacenumt of tlirre 
hydrogen atoms by three methyl groups. On the other hand the spectra 
of trimethylcarbimidc (ni.j). 175''), notwithstanding a similar replac(*ment 
of hydrogtui hy nu‘thyl groups, show considerably less absorption of the, 
more refrangible rays. 

Melamine and its esters show only general absorption, the amount, 
being somewhat greater than in the case of cyanuric acid. ]Mel:uiiin(‘ is 
regarded as tlic triamide of norimil cyanuric acid (Fonnula I.). 


?;Tr. 


N.C : X 

|i 1 

IL,N.O.X : C.Nir, 


f)!’ 

cyiiunrtiJtimi<lc. 


xn 

!i 

HN.C.Nir 

I I 

HN=U.X.(J=Xfl 

I 

I 

II 

I •ij-iiMjlnmiiii* f)i 


The triethyl ester (m.p. 74°), which is obtained by the action of 
etliylamine on cyanuric chloride, is, from its method of formation, con- 
sidered to be a derivativti of melanjiiui ; tlu^. c^thyl derivative (m.p. 05 ’), on 
the other hand, which is prepared by the desulphurisation of thiourea, is 
regarded as a derivative of iso-niehiraine. Hero again the results of the 
spcctrographic investigation are in accord with the conclusions arrived at 
on chtunical evidence. The spectra of melamine and the triethyl ester 
(m.p. 74°) are almost identical, while the general absorption exhibited 
by the spectra of the isomeric ester is considerably ] \ss. 

The general result of tlie examination of these bodies is in complete 

1 Oolrischmidt and MeisF-lcr, B&r , 1800,23,2.13; A. Michael, ,/. «/•. Chem. [li.], 
1885, 37, 513 ; Hartley and Dobbie, 'jyms. Chem. 18011, 75, CIO. 
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agreement with the views now generally held as to their relationship with 
one another. 15ut, as ali’cady observed, the absence of selective absorp- 
tion is not in harnioiiy with the constitution of cyanuric acid wdien it is 
represented by a formula so closely analogous to that of pyridine and 
still more closely to that of diinethylpyrazine. On this account it may 
fairly l)e considered as very doubtful whether the constitution of cyanuric 
acid is rightly uiiderst(jod. 


Thr. Absorption Sp^ctrct of Dlhm’iojjl Mrtlmne and a-0,r}fbcn::,(d acetophenone. 

These two substances an' related to each other in the same manner 
as Knorr’s dibenzoyl succinicesters examined by Hartley and Dobbie.* 
Their constitution is represented by the following formuke : — 


C.,11,.C() 


CII, 


LVHvCO 


CH 


C\JT,a:o 

nilM'ii/dyliiiot halve 
lu.jv. 7 T-Th"* 


a-Ox} ben/ala(’cto]»henone 
in.p. 77-7S'^ 

(a-Il3’<lr()Xjbeii/:ylideiio acetophenone) 


The I'nolic form is, in this case, the more stable of the two, the keto 
form in solution passing rapidly into the onolic form on tlie addition of an 
acicl. Jt is tlie re.versi* with the dibenzoylsuccinic esti*rs ; the onolic ester 
jiasses into tlui k('to fonn spontaneou.sly. 

As tin* study of east's of this kind is of particular interest, and but 
few ha\e i)('<*n examined, Miss Alicia H Smith, JkSc., of the University 
(,'ollege. of North AVah's, llangor, kindly umh'rtook, at tlu‘ recpiest of the 
<*ommiHee, to inv(‘stigat(^ the absorption spt'ctra i>f tliesi' substances. 
Mr. Ik I). Abi'll, Il.Se., I Sol Exhibition Seholav of tlu' rnivc'rsity 
College of North A\'a,les, Ikuignr, was good enough lo Mi]»ply jnirc' 
speciiin'iis of lliese substance's for e'xainin.il ion. 

I)Hh n^otjJnn fhoK" (C„ I f vk50.ClI._,.C(-).C,,J L — Tlie preparation of 
dibenzoylmethane may be divide'd into the following stages - 

(1) The ])reparation of iM'nzalaeetoplu'noiK' from benzaldehyde and 

af*(*toph(‘iione,'‘ 

(l-) l*reparatiem of elibroinbenyahu etophenone fieun benzalaeeto- 
plnmoiH' •’ 

(.'») l*i(‘]varation of inonohromben/.ilaei lojvhenuue from dibrombtmzal- 
met o))h»'Uon<'. ‘ 

( I) Vreiiaration of diben/oybnetiiane from mf'iiobnaiilM'n/alace'lo- 
plicuoiie. 

a-oxyh*/tr^(ilarf tx)ph‘)iGiie (C#,TI ,.CO.CH ,) (or «-Hydroxy- 

benzylidene acetophenone). — This substance was prepart d by Baeyer and 
Perkin by heating dibenzoylacetic ester with water.* The method of 
acting v/iih sodium ethoxide or metallic sodium on a mixture of ethyl 
benzoate, and acetophenone employed in the present case has been do^ 
scribed by Claiseii.^ 

^ Trans, Chem. Soc,^ 1900, 77, *196. 
s 20, f)G5 ; 14, 2104 ; 29, 1492. A.m,, 308, 323. 

* Am.t 308, 22vj. ^,Mcr., 16, 2134 ; CArm. Soc. 2rdns.t 47, 250. 

® I/er,, 2b, 055 ; JL7i?i.y 291, 52. 


»> 
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The method employed in photographing the spectra has already been 
described,^ 

It will be seen from the accompanying curves that the relation 
existing between the two bodies is similar to that which exists between 
Knorr^s a- and /3-dibenzoylsuccinic esters. Both the substances show 



Curves of Molecular Vihratioyis. — Dibenzoylmetliane, Ketonic, 
a-Oxybenzalacetophenonc (a-IIydroxybenzylidene aceto- 
phenone). Enolic, 


well marked absorption bands, and the amount of general absorption 
caused by the enolic form is, as in the case of Knorr’s esters, considerably 
greater than that caused by the keto form. In this case the gradual 
change of the less stable into the more stable form has been traced by 
photographing the acidified solution at intervals. 


^ Trans, CJiein, Soc.y 1885, 47, C85. 
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C6lI.,.CO 

DibeiiMyl Methane CHj 

The Ketwde Form CyHj.CO 


Tliiokucss 
of ]jaycr 
of Li(}uid 
in Milli- 
metres 

! 

Dcrtcriiition of Spectrum j 

1 

1 

1 

\ 

A. 

Ti 1 

1 Milligramme Mol. in 1C 

Spectrum continuous to 

0 c.c. Alcohol, 

2621 

3810 

4 

C’Omplete absorption beyond. 
Spectrum continuous to 

2624 

3810 

^ i 

Complete absorption lieyond. i 
Spectrum cont inuous to . . ! 

2701 

3702 

2 

Complete absorption beyond. 
Spectrum continuous to . • 

27C0 

3623 

5 

Complete ubsoriition beyond. 

1 Milligramme Mol. in 50 

Spectrum continuous to 

0 c.c. A Icohol. 

2786 

3589 

4 

Complete absorption beyond. 
Spectium continuous to 

2871 

3483 

•> 

Complete absorpt ion beyond. 
Spectrum continuous to 

2965 

3372 

2 

Complete absorption beyond. 
Spectrum continuous to 

3057 

3271 

n 

Complete absorption beyond. 

1 Milligramme Mol. in 2,1 

Spectrum continuous to 

5(>0 c.c. Ahohol. 

3057 

3271 

4 

Comjilote absorption beyond. 
Spectrum continuous to , 

3057 

3271 


Almrpfion hand .... 
Stroiifj: rays transmitted from 
8555 to .... . 

• >057 to 3353 

.r’7/ to JSU 


3873 

2581 


Ahitorjdion hand .... 

3^';3 to /pm 

23St to 2322 


Weak spectrum from 43(»G to 

4400 

2272 


Complete absorption beyond. 
Spectrum continuous to 

3111 

3183 


uihKorption hand .... 

31^1 to 3/^03 

3IS3 to 


Spectrum continuous to 

3911 

2556 


Almrptimi hand .... 

3^911 to /d^OO 

2330 to 2322 


Spectrum continuous from 4800 to 

4400 

2272 

o 

Complete absorption beyond. 
Spectrum continuous to 

3175 

3149 


Stronc: rays partially transmitted 
from 8175 to . 

3381 

2957 


Spectrum continuous from 3381 to 

3911 

2556 

1 

Strong rays partially transmitted 
from 3911 to . 

430(> 

2322 


Spectrum continuous from 4306 to 

4400 

2272 

1 

Weak spectrum from 4100. 
Spectrum continuous . 

— 

— 
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C0H3.CO 



n 

Spectrum contIniioiH lo 

Complete; absorption bcj’ond. 

2.“ 13 j 

:;92:) , 

4 

Same as H mm 

1 

— 

•> 

•> 

1 

Spectrum continuous to 

Complete ab‘^olption bc 3 ’ond. | 

2:>:.2 

39 IS 

y 

Same as 3 mm 

1 JUtllignunme Mol. in^ oOf 

! 

c.c. Alcohol. 


5 

Spectrum continuous to . 

Complett; absorption be^'ond. ' 

2r)9i 

:JS59 

1 

4 

Same as 5 mm 


1 

:{ 

Spectrum continuous to 

Com])lete absorption beyond. 

202 1 

i 

3S10 I 

1 

2 

Spectrum continuous to 

Comidcte ai)sorption beyond, 
except fe»r tlu* feetde trans- 

2021 

3810 ; 

1 


mission of strong lines at 

• t.tthf 

2'<12 


And at 

1 M'dhgiammc Mol. m 2,; 

302:> 

3)0 c*. *. Alcohol. 

275N 1 

r» 

Spectrum continuous to 

202 1 

:;sio 


Ahgor])fiun hand .... 
Strong r:i 3 ^M partially transmjttc<l ; 

MtJ', to A'fhl 

AsJdiojsso 


from 3401 to , 

3077 1 

2719 


Ahsorptioi) hand .... 

to Jf.idh \ 

i JJl'/io'JJJJ 1 


Weak spe'ctrum from 1300 to 
Complete absoiption beyoiul. ; 

4100 1 

1 

2272 1 

, 1 

4 

Spectrum continuous to 

2021 1 

3810 


Absorption hand .... 

1 1 

:js Kf to ,id 


Spectrum continuous from 3280 to 

3805 I 

2028 


AhsorptUm hand .... 

: AS05 to 

to JA.'J 


Spectrum continuous from 4300 to 
Complete absoi lotion beyond. 

not) 

1 

2272 1 

1 ' 


Spectrum continuous to 

: 2701 

3702 

1 

Ahsorpiwn hand .... 

‘ 2701 to A '60 1 

1 :i702\nA()h7 


Spectrum continuous from 32C0 to 

1 3800 

2580 


Absorption hand .... 

! A'iCO to 

to .iJJS 


Spectrum continuous from 42i>S to 
Complete absorjition bcj’ond, 
except for the feeble transniis- 

4100 

2272 


sion of lines at ... 

4539 

2203 


And 

4015 

2153 

2 

I Spectrum continuous to 

2700 

.3023 


1 Ahsurptwn hand .... 

1 'J}0(JXoA!39 

A02A to ,7/S.7 


i Spectrum continuous from 3139 to 

I 3905 

2500 
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a-Oxijhrtizalaretophcnonp {The. Enolio Form')-^cont, 


TllickllRRH 
of Jjaycr 

of lji(|ui(l Description of Spectrum 

in Milli- 
metre b 



Ahxorptum bond 

aqooto j!(jo 

to 


j Wpcctrum continuous from 41 00 lc» 

1 Strong rays feebly transmitted , 

4100 

2272 


beyond. , 


1 

I 1 

Spectrum continuous to 

Strong lines transmitted from 

‘js;i 

3483 


2871 to 

3130 

3101 

j 

Spectrum continuous from 31. ‘JO to 
Strong lines transmitted from ! 

JiUO.-j 

2500 

1 

1 3l)0.i to . . . . . 1 

'' Spectrum continuous beyond. ! 

j Transmission of a continuous | 

1 spectrum on further dilution of 

the solution. j 

4100 

2139 

1 


Th(^ Ahs(n'))iini Eperira of Indop hem tl< and Ih/ea drrired from TripJtonjlmrlhane, 

As iiuicli work has r(*oeiiily botai published on tlio rolationshi]) bet weoii 
the constitution of dyes and their absorption spectra, abstracts of the 
more important of these* memoirs arc ^?iven, accompanied ])y remarks on 
tin* conclusions drawn from previous examinations of triphenylmethane 
derivativ(*s. 


llelatUnt enfre la roristifaflaii chima/ac (7c.s* colorna/.'^ (hi trlphnijflna'thaae 
Hies sperf res (Vahsorptian dr h a rs Sidailons aquenst s. Xoie dr M. P. 
LinioL'LTd 


The (*\aminatiou of tin* absorption s])ectra of a lar^e number of 
artilicial colouring matters was made in the In pe of lindiiiji^ some cha- 
lacleri.-tic belon^niii; to each of the principal j^roujjs which enter intotlu*ir 
constitution, but up to the present the study of such eoloui's as are 
deri\ed from triphenylmethane has h*d to notliini' more than a demon- 
strntion of some connection bet\\c(*n the position ot’ the luminous bands 
of these spectra and the constitution of the products examined. All the 
solut ions were so made that a Lcramiiie-moleeuh* of the dye as contained in 
1,000 litr(*s of wat(*r, tlie thickness of liipiid being variable. The follow- 
ing were the substances iiivesiigati*d : — 


1. Malachite green, 

‘J. JJrilliant gret*n. 

«‘b Sulpho-grecn J. 

4. Sulpho-greeii J3. 

T). (Irc'cn o-nitro. 

G. ( Jreen wi-iiitro. 

7. Solid green with alkali. 

8. Carmine blue. 

0. V'^ictoria blue. 


10. Phenyl blue, oi phcnylated 
blm*. 

11, ]\l ethyl green. 

1*2. Hexamelhylated violet. 

13. lloxetliylated violet. 

14. Formyl vio]<*t. 

15. Acid violet 10 l>. 

IG. Ik'iizyldiphenylaminc violet. 
17. Ilenzylatcd violet. 


* Cowptes llrndus, vol. cxxxi. 1000, p. 831) 
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The nature of the substitutions in the three benzene nuclei is explained 
by the author. Observed in thickness of G mm. some of the substances 
show simply a band of transmitted rays in the red, others are also in the 
violet of much larger extent. The red band is much more persistent, 
and apparently is characteristic of the triphenylmethane group of sub- 
stances and not of the individual members of this group. The band in 
the red belonging to the greens and blues, Nos. 1 to 11, is narrower than 
in the remaining colours, which are violet — namely, Nos. 12 to 17. 

Note. — The formuhe given by Nietzki for some of the dye-stuffs 
examined are the following : — 

1. Malachite green. 

c,ii,c=[c,n,N(cn3),], 

OH 

2. Brilliant green. 

C,H,C=[C«H,N(C,,Il5),], 

I 

OH 


0. Victoria blue B. 

(CH3),N- C JI, /C,„Ho -NHG ji, 

(CH3),N_CgH/ \ i Cl 


(CH.,),N-C,H,-C 


11. Methyl green. 

,CJI,N(CH3),CH3C1 




-C«H,N(CH3) 

!\ci 


12 . Ilexame tin dated violet, 

, — 

[(Cn.,)3N.C,H,],=C-C„H,H(CH3), 

13. llexethylated violet. 

A similar formula with substituted for CT[ 3 . 

The author^s summary is as follows The colours derived from tri- 
phenylmethane, which have in general at least two atoms of tertiary 
nitrogen in the ji>am-position relative to the central carbon atom, yield 
aqueous solutions in which the absorption spectrum transmits a band of 
rays in the red. The middle of this band is always situated at approxi- 
mately the wave-length G86 in those compounds which have no more 
than two tertiary nitrogen groups. The position is invariable, but 
different for those which include a third tertiary nitrogen group, and lies 
about wave-length 66 G. 
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Sur V absorption de la lami^ro par les indopltcnols By P. Bayrac and 

C. Camictikl.^ 

The indophenuls with tertiary nitrogen, prcpar(xl hy one of the 
authors, were studied, and it was found that when dissolved in the 
same solvent, as, for instance, alcohol, they presented an analogous 
spectrum in every case. They are cliaracterised l)y a hand in the red. 
Lemoult studied a series of indophenols obtained by the oxidation of 
mixtures of ^^-phenylenediamine and phenol or o-crcsol, which have in 
the 2 ^am-position the nitrogcm atom which unites tlui two benzene nuclei. 
The nitrogen in this case is primary and not tertiary. The substances 
are said to have a band in the red which is sliifted from tlui position 
characteristic of indophenols containing tertiary nitrogen. The authors 
state that there may be displacement of the band, but it has no definite 
direction ; and the experiments of Lemoult do not show that it has. The 
method of measuring adopted by Lemoult is to take the mean of the 
micrometer readings between either edge of the band. It is remarked 
that the extreme reading at the (extremity of least refrangible rays is ]iot 
the end of the band, but merely the limit of visible rays, and that this is 
variable according to tl e brilliancy of the spectrum. They give reasons 
for this statement wliich an; capable of verification, and also for the 
explanation that tlu;re appears to be a displacement, ]j>ut the band really 
terminates in the infi«i-red. 

Snr les s})eA'tres d^dysorptam des indophenols rt d<s colorants da 
tripikhiyl methane, By G. Camicuel and I\ Bayrac.- 

The indophenols with the tertiary nitrogem are much more absorbent 
tlian those with tiu; primary nitrogen when flie two are compared in 
solutions containing molecular proportions ; but the fact is that as the 
loss refrangible end of the band visible in the red lies in tlie infra-red 
there can be no increased width visible in this din'ction, and the rays on 
tlu; other side being more freely transmitted it ap])ears as if the band 
had been shifted towards the mon* refrangible rays. This ha\ing been 
demonstrated with the two kinds of indophenols, it was thought desirable 
to study the triphenylmcthane derivatives — malachite green, sulpho- 
green J, hexamethyleiie violet crystals, and methyl green. The result 
was just tlie .same; only om; extremity of the band of real rays lies within 
the region of visibility. The conclusion is that tlu; law of auxochromes 
has not b('cn demonstrated in tlu; case' of triphenylmethaiu; derivatives 
nor of indophenols. The number of tertiary nitrogens in the molecule 
is the factor which increases the absorbent power of the substance, just 
as the substitution of for 11;^ in indophenols, or rhe versa, renders 

the substance more or less powerfully absorbent, ddie authors state that 
they have studied the influence of concentration upon alcoholic solutions 
of indophenols and on aqueous solutions of those colouring matters derived 
from triphenylmethane. Tlu‘y have found that tlu; coetUcient of absorp- 
tion is proportional to the concentration of the solution. 

Note. — The nature of the indophenols is indicated by the following 
formula; and reactions, the notes being taken from Bernthsen’s ‘ Organic 
Chemistry ’ and WitBs original papers.'^ 

* Comptes llendm, vol. cxxxii. 1901, p. .‘i38. - Ihid , cxxxii. 1901, p. 485, 

3 bcrichte, 16 , 2843, and 18 , 2912. 
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IndopheiioU. By Otto Witt, 
Phenol blue (indo-anilinc) — 

/Cji,.n(ch3), 

N<( 

I 


is produced by the oxidation of amidodimethylaniliiic ■with phenol . 
Its analogue, n-naphthol blue, 



o,.n,.N(cir.,). 

! 


is prepared by means of naphthol. Such compounds exchange N(CII;,).2 
for f)II when boiled with a solution of NaOll ; thus, from plienol blue 
there results iudophenol (quinonephenolhnide) 



o..H,.on 

c.,ir,() 


a phenolic dye ^^hich dissohes in alcohol to a red and in alkali to a blue 
solution. 

It may be obtained also by the action of phenol upon cpiinone chlori- 
mide. 


CJI. 


M-ci 


+ cyt-,on=cyi, / | 

\N-c„n,ojr 

-mci 

- Nui,.o 

I 


It may bo olitaiiiod .mI.so by tlio oxidation of /^-aniidoplionol 
phenol. Its leuco-coinpoimd is 7>-dihydro\ydiph(Miyla.iniiic, jN ,.()J I ) 2, 

a substance which imiti's in itself the properties of diphenylaniine and 
a diatomic phenol. 


la hi (hs aiu'ochromes. Jitj i\I. P. Lkmoolt.^ 


In a recent note ]\1 jVI. Camichel and Bayrao having expressed tiie 
opinion that the law of auxochroines has no further application to the 
compounds of triplienylniethanethantothc indophenols, the author believes 
that this statement is not sufliciently justified, having regard to his 
observations on four diflerent colouring matters, namely - 


First j^roup (with 2 
tertiary nitrogens) 

Second group (witli .1 
tertiaiy nitrogens) 


1 No. 1. Oxalate of totrainctliyldiaiiiidotriphenyl carbinol. 

J No. 2. Sulphate of tctrethyliliamidotriphenyl carbinol. 

I No. 2. Chlorhy<lrat.c of hexethylt.riamidotriplienyl carbinol. 

I No. 4. Diniethyldiethylflibenzyltiiamidotriphonyl carbinol 
J sodium disulpbonaio. 


‘ Comptes BdridvSi cxxxii. p, 781, March 25, 1001. 
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Solutions were nnide of such a strcngtli tliat 1 gramme-molecule was 
oontainod in 1,000 litrcis of water. Photographs of tlie transmitte<l rays 
were taken through a constant tliickness with a constant exposure and 
exactly the same development. The pholograjjlis reproduced in the paper 
aie exj)lained in the text. They exhibit a luminous band in the red 
which in respect to substances 1 and 2 is the same in intensity .and posi- 
tion. In substances o and 1 it is more luminous and slightly broader, 
and the luminous band of No. o li<‘s rather more towards the less re- 
frangible rays than No. ‘I. Wave-length nie.asureinents ai^' not given, 
but numbers on an arbitrary .sc.ale .are rocord(*d. On diluting these 
solutions, the change in the spectrum is seen to bo .a dt'crease of the 
intensity of the ab.sorj)tion bands more on the side of the rays of greater 
i-efrangibility than on the other. The author projjoses to enunciate 
definitely the law of auxochromes in a future? p.apei*. 

Notk. — Th.at there is Jiiiparently ;i decrcaise in the inten.sily of the 
absorption bands more in the diiaa.-tion of the rays of shorter wave-length 
is due undoubtedly in tin? first iihstance to the property of the prism, theic 
being gr(*,ater dispersion of the more rt'frangihle r.ay.s. 

Xi}nn‘lh‘ hiifJtod' / ' rnn ttonf cha racirrisk " h .'i ntnith'ca cohmtifcs. 

Ihj ]\DI. CaMU IIKL (Hid IlAVnAC.^ 

The absorption of light by solutions of indophenols in .alcohol, etlier 
cai'bon disulphide, and chloroform has lieen studied by taking as abscissa’ 
the wav(*-lengths and as ordinab'S the coelliclcnts of transmission. 
Curves have Immmi obtained of ])araboli(; form, of which the convexity is 
turned from the .si<h; of tlui .axis of th(‘ ahscissic. That portion of the 
curve coi’n'sponding to the tniuMnitted rvd rays a^cend^ mueli more 
r.apidly tluin that which corresponds to the giiaai or the blue. The 
minimum position of the ordinate lies betwaam th(» wave-lengths hlO and 

according to th(' nature of the iiidophenol and its solvent. In order 
to charact(M*is(' each of the substances studied, tlu* lowest point of the 
enrv(' was d(‘t(*rmined that is to say, its minimum of ti’ansmissiou or (jf 
gr(*atest .ahsorplion. This is determined with precision by cutting the 
curve with a series of lines or cliorils lying parallel lo tin' axis of the 
.'ihsi’issje. The <-oii jugat<* diametei* of these* chords, obtained by joining 
jioinls at the inidille of each lim*, is i-evtiliiu .'ir in ;i sutliciently large? 
interval lying between ’Nv.ive-lengths 070 and blO : in siu li a case', for 
e'xamplo, as that of an alce)holie*. .solution of indophe‘ne>l and of orthocrevsol 
'with tw^o te*rtiary nitrogens. The minimum of transparency (maximum 
of Jibseirption) is ind('])(*iMlcnt of the' concent r.-it ion of the sedation for all 
substances of w'hich tin* ah.sorption eoetllcient is proportional to the degrees 
of cone'ont ration, . according to the law’ of lleer. It varies w ith tin? solvent 
.according to a law’ which is not that indicated by Ivundt. 

Two scries of indophenols h.avc been studied ; those of Series A liaA O 
tw^’o tertiary iutrog(?ns, the .siin[»h’st of w’hieh is inde)pheni)l of ordinary 
I>heiiol. 

The others (Scries r») have the second tertiary nitrogen replaced by 
* Cowjiii's lit'ndus^ cxx.xii. p. SS2, April U.UU. 
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a primary nitrogen, the simplest of which is the indophenol of ordinary 
phenol. 

0 =/ 


Table vf the indoj^hmols studied » 


1 . 

* 1 , 

a. 

4. 

.0. 

(). 

7. 

8 . 
0 . 

10 . 


Scries A. 
Indophenol of phenol. 

„ orthocresol. 


mctacrcsol. 
parax 3 ’lenol. 
orthoethyljjhenol. 
metaisopropylphcnol. 
thymol, 
carvacrol. 
cymophenol. 
phenol a of tlie para- 
ethyltoluene. 


r. 

:r. 

4'. 

(•/. 

7'. 

10 '. 

11 '. 

12 '. 


Scries B. 

Indophenol of phenol. 

,, orthocre.sol. 

metacrcsol. 

„ paraxylenol. 

orthoothj'lphenol. 

„ inetaethylphcnol. 

„ thymol. 

,, carvacrol. 

„ cymophenol a. 

„ phenol oof the para- 

et hyltoluene. 

„ orthoxylenol (1. 2, l^), 

„ mctaxylenol (1, 2, :»). 


a. The di.splacement of the minimum of transparency (maximum of 
absorption) under the effect of a solvent is shown by tlio following 
numbers representing divisions of the micrometer eyepiece. The substance 
was No. 1. 

Alcohol, Ether. Carbon disulphide. Chloroforni. 

120 160 H7 128 


The rays observed with the spectr«)photoin(*tor gave the following 
measurements : 


Solar A. 7-0 
15. 40 .6 
Li OO'.'i 
hJolar C. 72-5 


Ca 


fist 104 
\2nd 104 


Solar I) 1 128 

I) 2 139 


Tl 220 
Solar E 235 


b. When the tertiary nitrogen liad been replaced by a primary nitro- 
gen the following numbers were obtained : — 


Stdrcitf, alcohol. 

1. 120 1'. 112 di.splacement + 22 

2. 136 2'. 162 + 26 

3. 122 3'. 142 + 20 


e. By the introduction of the following alkyl radicals into the ortho- 
position, the displacements shown below were measured : — 


CH,, C.H, 


on<g’{;, 


CIL-CH.-CHo 


Solvent, alcohol. 


displacement + 16 
+ 12 
+ 19 


1. 120 2. 136 
3. 122 4. 134 
7. 117 9. 13G 


Substitution of CH, 
CU, 
CH. 
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A similar series of experiments was made on substitution in the meta^ 
position, the results being as follows : — 

1. 120 3. 122 displacement + 2 substitution of CHg 

2. 130 4. 131 - 2 CHs 

Coyirhisioiifi, — a. When a tertiary nitrogen is replaced by a primary 
nitrogen, the minimum of transparency (maximum of absorption) is dis- 
placed towards the more rcfraTigible end of the spectrum, whatever the 
solvent may be — alcohol, ether, carbon disulphide, or chloroform. 

It is remarked that this law differs entirely from that indicated by 
M. Lemoult, who studied the apparent displaccmiont of the band of red 
rays transmitted by indophenols. 

/>. Substitution in the </?V/?o-position in the phenol from which the 
indoplumol is derivc'd causes a considerable displacement of the minimum 
of transparency (maximum of ahsoiption), whatever the solvent may be. 
This displacement may even exceed the foregoing in degree. The im- 
portance of substitution is ilius (wident ; the auxochromic groups are not 
the only om's to modify the natuni of the dye. 

r. A suhstitiition in tlui position iii the ))henol from which the 

indoplumol is deriv(*d c uises a rcri/ s/if/hi displacement of the minimum 
of transparency towards the red or towards the blue ; tlie shifting is 
often so slight as not to excc’cd experimental errors iji measurement. 

The prcH'cding two laws, the authors remark, enable the formula of a 
phenol to Ijo d(^terinined ; it is converted into the indojdienol with a 
])rimary or a tertiary nilrogtm, and the alcoholic solutioji is then examined. 
Only an extremely small (luaiitity of the substance is required. 

-1 farth'y lias shown * the relationshi]) of the absorption spectra 
of benzene and triphenylmethane to tin* colouring matters derivcsl th(‘re- 
froni by m(*ans of curves of molecular vibrations. 

No matter what their colour may be, a band of red rays is transmitted 
with greater persistency than the rays in any other part of the spectrum, 
and that these red rays are materially inoditicd by the introduction of 
alkyl radicals into the NIIo groups of the rosaniline. molecule, as in 
methyl-violet^ and they are more modilied by the presence of iodine, as in 
iodine gromi 

To illustrate this the billowing nieaMiromcmls of the transmitted red 
rays in solution j at ditlerent. dilutions and of dillerent thiekne ses are 
stated liotli in ua\e-l('ngtlis and oscillation frecjuencies. The tidmial 
lilies in tlu) solar sjieetrum are also givmi as useful for reference. 


1 

1 

A 

A 


1 

A 

A 

i A 

Hi] 1 

7001 

K 

1S‘»7 

5209 

B 

Mnn 

0S07 

1 F 

2050 

4800 

0 

ir.as 

0502 

1 

2321 

4307 


16!)G 

5892 

1 n 

2519 

3907 


' Chrm. Soc. Trans. ^ volAi, 1887, p. 152; eeo also the report of this Committee, 
1890. p. 31. 
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Eosaniline Base. 


Tliick- 

iiess 


Bays transmitted 


L 

A 


\ 


Moan 


0‘301 gr. or 1 Milligramme-molecule in 100 c.c. of Alcohol. 


MM. 

20 

4 

1 

139 to 153 
to 166 
i to 166 

719 to 660 
to 600 
to 600 

684-5 


1 Milligramme-moleoxile in 500 c.c. 


4 

to 166 

to 600 

1 650-5 


1 Milligramme molecule in 12,500 c.c. 

4 

I 13D to 137 

719 to 662 

640-6 


Rosaitiline Uydrochlori tie. 


Tlxiek- 

ness 

Bays transmitted 


1 

A 

A 

Moan 


0-3375 gr. or 1 Milligramme-molecule in 100 c. 

c. of Water. 

MM. 




20 

139 to 149 

719 to 669 

694 

45 

to 157 

to 636 

677-3 


1 Milli gramme-molecule in 600 c.c. 


4 

to 166 

to 600 

659’5 

3 

to 166 

to 600 

659-5 


1 Milligramme-molecule in 12,500 c.c. 

4 

to 174 

to 572 



3 

to 177 

to 502 

— 

2 

139 to 177 

719 to 562 

eio-o 


o 
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Methyl Violet, 


Thick- 

ness 

Rays transmitted 

Mean 

1 

A 

\ 


0 416 gr, orl Milligramme-molecule in 100 c.c. of Alcohol, 

MM. 




25 

139 

719 

— 

20 

139 to 145 

719 to 686 

702-6 

5 

to 149 

to 670 

694-5 

1 

139 to 153 

719 to 660 

679 5 


1 MilUgramme-imlecule in 500 c.c. 


5 

139 to 153 

719 to 660 



4 

to 156 

to 639 

— 

2 

to 158 

to 632 

— 

1 

139 to 160 

719 to 624 

059 ’5 


\ MilUgraiuvie-molecule in of Alcohol. i 

5 

139 to 160 

719 to 600 

. 1 

4 

to 166 

to 600 

— i 


139 to 168 

719 to 598 

65(8-5 1 

Iodine Green, 


llj.ys iriinaniittod 


Thick- 

- - 


Mean 

ness 

1 

A 



A 




0'672 gr. or 1 Milligramme-molecule in 100 c.c. of Water. | 

MM. 




20 

— 

— 


' 10 

— 

— 

— 

' r> 

1.33 to 139 

719 to 719 

— 

1 -t 

to i:}9 

to 719 


1 i> 

1 

133 to \:)\) 

719 to 719 

1 

1 

1 Milligramme- molecule in 500 c.c. 


5 

133 to 144 

749 to 694 

791-5 

4 

to 147 

to 680 

— 

3 

! to 148 

to 675 

— 

*> 

1 to H9 

to 669 

— 

1 

133 to 151 

749 to GGO 

704-5 


1 MiUigranime-molecuU in 2,500 c.c. 1 

! 

133 to 151 

; 749 to 660 


4 

133 to 151 

1 749 to 650 

699 3 

3 


1 

1 — ^ 
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Aurine, 


Thick- 

ness 

Rays transmitted 

Mean 

A 

X 

X 


0*29 or 1 Milligramvie-imleeule in 100 c,o. of Water. 

MM. 




60 

139 to 153 

719 to 650 

— 

30 

to 166 

to 600 



15 

to 166 

to 600 

— 

10 

to 166 

to 600 

659-5 

5 

to 177 

to 662 



4 

to 177 

to 562 

— 

3 

to 181 

to 550 

— 

2 

to 183 

to 545 


1 

139 to 188 

719 to 530 

624-5 


1 MilUgrammc-molecule in 500 c.c. 


5 

139 to 188 

719 to 530 


4 

to 192 

to 520 

— 

:i 

to 193 

to 516 

_ 

2 

to 195 

to 511 


1 

139 to 198 

7in to 601 

on -6 


1 MiUiQo'ahime-molccule in 2,500 c.c. 

5 

130 to 198 

719 to 501 



4 

to 202 

to 494 


3 

130 to 206 

710 to 481 

601 '5 


It may here be remarked that in the diagram given in the ‘ Trans. 
Chem. Soc.’ vol. li. 1887, pp, 152-202, of benzene a'^d its derivatives (1) 
the relationship of the absorption curves to the chemical constitution of 
these substances is fully described ; (2) the band in the red is indicated 
on the less refrangible side as not being the termination of the transmitted 
rays, but as the ‘extreme limit of the visible spectrum,' and on p. 201 
it is pointed out that ‘ instances where the light is almost entirely absorbed 
are indicated by tho curve being continued by a dotted line, as in 
rosaniline hydrochloride,' and also that ‘ iodine green appeared to transmit 
more of the least refrangible red rays than the other rosaniline derivatives. 
This may have been due to the colour being favourable to viewing this 
end of the spectrum, the more brilliant rays being absorbed, and those 
that are feeble thus rendered visible.' This observation has been verified 
by MM. Bayrac and Cam ichel's examination of other substances of a similar 
character. 

It should, however, be distinctly understood that it is the absorption 
bands which are of prime importance in the study of spectra. 

It is the position and width of these which determine those of the 
transmittent rays, and therefore greater attention should be paid to 
measurements of the bands of absorption. Comparisons of spectra 
measured on an arbitrary scale are liable to be very misleading when 
deductions are drawn from them. 

The apparent shifting of the band of transmitted rays in tho red 
observed by Lemoult is satisfactorily shown by Bayrac and Camichel 
to be only apparent, and not a real alteration in polsition. 
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The remark of Bayrac and Camichel that indophenols with tertiary 
nitrogen groups are much more absorbent than those with primary 
nitrogen is only what might be predicted from what we know of the 
ultra-violet spectra. The homologues of benzene, such as toluene, ethyl- 
benzene, and the xylenes, are more powerfully absorbent than ^nzene 
itself. The tertiary monamines trimethylamine and triethylamine are 
more absorbent than the corresponding primary bases. Moreover, it was 
proved in the case of dyes that in the triphenylmethane derivatives the 
replacement of 3H by (CB[ 3)3 rendered the substance much more power- 
fully absorbent, methyl violet and rosaniline hydrochloride being a case 
in point. This is best shown by the curves which illustrate the original 
paper ; but it also appears from the measurements which have already been 
quoted, if we consider that the red rays are freely transmitted by the 
rosanile salt when even stronger solutions than those containing a milli- 
gramme - molecule of substance in 100 c.c. The methyl derivative 
barely transmits any light through 25 mm. of such a solution. Then, 
again, the width of the band transmitted by the methyl violet is narrower. 
The same observation applies to iodine green. 

The mere position of a band of transmitted red rays cannot be 
considered as indicative of a constitution similar to that of the triphenyl 
methane derivatives or of the indophenols because many of the diazo- 
colours show such a band. The difference between them lies in the effect 
of dilution ; in fact it is the absorption curves which are of importance, 
or, better still, the curves of molecular vibrations. There is a particular 
curve for each class of derivatives, the particular members of each class 
showing variations of the curve characteristic of the class. This is more 
marked in the case of the azobenzene and azonaphthalene derivatives 
than it is even in the derivatives of triphenylmethane, because a larger 
number of individual substances belonging to the former class have been 
examined than of the latter. It is quite evident that the nitrogen groups 
are chieffy concerned in the development of the colours, and the hydro- 
carbon radicals appear to be of comparatively small importance provided 
they are of a benzenoid character. 


APPENDIX. 


List of Substances iJi^e Absorption Spectra of which have been stmiied in 
conmction ivith the Chemical Constitution of Organic Compounds* 

Note. — The method of indexing adopted by the Chemical Society has been followed. 


Sub-^tiuico 


Formula 


Nature of 
Absorption 


Kofci'cnoe 


A 


Acetic Acid . 


Acetic Acid -Ba- 
rium salt of 

Acetic Acid-So- 
dium salt of 

1901. 


CH5COOH . 

(CHo.COOjaBa 
CHsCOONa 


Continuous ' Hartley and Hunting- 
I ton, PliiL Trans. I. 

(18791,257; Schonn, 
j Wied. Ann. 6 (New 
Serii^s), 1879, 267. 

„ Hartley and Hunting- 

I ton, Phil. Trans. 1. 
(1870), 259. 
n >1 
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Substance 

Formula 

Nature of 
Absorption 

Reference 

Acetaldoxime 

CHs.CHiN.OH 

Continuous 

Hartley and Bobbie, 



Chem. Soc. Trans. 
77 (1900), 818. . 


Acetoxime . 

(CH 3 ) 2 C:N. 0 H 


»> 

Acetylene 

C 2 H 2 


Hartley, Chem. Soc. 


Traws. 39 (1881), 168. 

Acid Brown— So- 

Il-:i ^ ii N \ < il ■ ■ : 

One band j 

Hartley, Chem. Soc. 

dium salt of 

a a 

; 

Trans. 61 (1887), 168. 

Aconitine (from 

C 53 H 49 NO 12 

Selective 

Hartley, Phil. Trans. 

Aconitum na- 
pellus) 

* 

11. (1885), 471. 


Aconitine (Jap- 
aconitine) 
Aconitine (pseud-) 

^ 66 ^^ 88 ‘N 20’21 

C 30 H 43 NO 12 .... 

>> 


(from Aconitum 
ferox) 




Aconitine (foreign) 
Alanine 

? . . . . . 
CH3.CH(NH2)C00H 

Continuous 

J. L. Soret, Archives 



des sciences phy- 
siques et naturelleSf 





1893 (3rd Series), 429. 

Aldehyde Green 


Selective 

Vogel, Ber. 11 (1878), 

(A rosaniline 
derivative) 



1863. 

Vogel, Ber. 11 (1878), 

Alizarin 

C„H,iCO).C..H,()Hi, . . . 




1868 ; Liebermann, 




Ber. 19 (1886), 2827; 
21 (1887), 2627. 

Alizarin ethyl 

i:M.yi:0)iC^UiOi'u . . . . 


Liebermann, Ber. 21 

ester 


(1887', 2527. 

Allantoln . 

C4H«N405 

Continuous 

J. L. Soret, Archives 


1 

1 1 

j des sciences phy- 
\ siques et naturelles, 





1893 (3rd Series), 

Alloxan 

' p^/NH-CO\p,. 

, . . . 

' 

1 429. 

1 

Allylic Alcohol . 

: C 3 H 5 OH 

?» 

Hartley, Chem. Soc. 


Trans. 89 (1881), 168. 

Amido - azo - ben- 

See under Azo Compounds. 



zene 


i 


Amido - azo - a - 

See under Azo. 

1 


naphthalene 
Ammonium Hy- 

NH 4 .OH 

! 

1 >’ 

Hartley and Hunting- 

droxide 

1 

ton, Phil. Trans. 1. 



1 

(1879), 257 ; Hartley 
and Bobbie, Chem, 
Soc. Trans.il (1900), 
818; Schdnn, Wied. 




Ann. 6 (1879), 267. 

Amylene (B.P.) . 

C 5 1 

„ 

Hartley, Chem. Soc. 



Trans. Q9 (1881), 168 

Amylic Acetate . 

CH 3 COO.C 5 H 10 

i 

Hartley and Hunting- 

i 

1 

ton, Phil. Trans. 1. 
(1879), 267. 



Amylic Alcohol . 

— 

1 

1 ~ 

Schbnn, Wied. Ann. 6 
(New Series) (1879), 



j 

267. 

Amylic Butyrate 

CsHtCOOCsHio 

1 Continuous 

Hartley and Hunting- 

i 

ton, Phil. Trans. 1, 
(1879), 267. 



Amylic Formate . 

HCOO.C 5 H 10 

1 )) 

» 

Amylic Propion- 

C 3 H 5 .COO.C 5 H 10 . . . . 

1 

! ” 


ate 


1 
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Appendix— 


Substance 

Formula 

Aniline 

C0H5NH2 . . . . 

Aniline Blue 

CjoH.oCCeHslsNj.HCI 

Anthracene 

CuH.o . . . . 

Apomorphine Hy- 
drochloride 
Atropine 
Anthraflavic Acid 
(2 : 6) — Dioxy- 

.\.‘d 

CnHnNOa.HCl . 

C17H23NO5 .... 
0H.C6H3(C0).2.C6H5.0H . 

C6H30H(C0)2CeH5(0H) . 

iso - Anthraflavic 
Acil (2 : 7) — 
Dioxy anthra- 
quinone 

Anthragallol 

Aurin . 

OH.CoH3(CO)2.C6H3.0H . 

C19H1403 .... 

Anthrarufin 

CoH4(CO)2C<,H2(OH)., [ 1.5] 

Azo Compounds : 
Amido - azo - ben- 
zene 

Amido - azo - a - 
naphthalene 

^ f C«H4NH2 

MC«H5 • • • 

CioH7N:N.CioHeNH... . 

Azo-benzene 

C,H3N:NC«H3 . . . 

Azo-benzene di- 
arnido toluene 

0- Azo- toluene- di- 
araido-bonzene 

0- Azo-toluene- di- 
amido-toluene 

'''MCe,H2.CH5(NH<> 

NjCeH4.CH5 

^nC^HsiNH,)^ • • 

No i C6H4.CH3 
'"nCeH2.CH5(NH2)2 

p-Azo-toluene-di- 

amido-benzene 

p- Azo-toluene-di- 
ami do- toluene 
Benzene - azo - /8 - 
naphthol sul- 
phonicacid (So- 
dium Salt) 

Di - amido - azo • 
benzene (Chrys- 
oidin) 

N. 

N. ^ ^6H4.C^5 

CeH5N:N.CioH4(HS05)30H 

0 

Di - amido - azo - 
benzene sul- 
pbonic acid 

N fc.n.xn,., 
"UCMIiSOjll • • 


Nature of 
Absorption 


Selective 


Four bands 


Selective i 
Continuous 1 


Reference 


Hartley and Hunting- 
ton, Phil. TranSj 1. 
(1879), 257; Pauer, 
Wied.Ann. der Phya. 
61 (1897), 868. 

Melde, Pogg. Ann. 126 
(1866), 264. 

Hartley, Chem. 8oc. 
Trans. 89 (1881), 
153. 

TTarllev, Phil. Trans. 
11. 471. 


Selective ! Libermann and Kos- 
' tanecki, Ber. 19 
(1886), 2827 ; Lieber 
inann,Her.21 (1887), 
2527. 


! Hartley, Chem. 8oc. 
j Trans. 51 (1887), 

! 158. 

I Libermann and Kos- 
tanecki, Ber. 19 
(1886), 2327. 

i 

Landauer, Ber. 14 
(1881), 891. 

Hartley, Chem. Soc. 
Trans. 61 (1887), 

158; Landauer, Her. 
14 (1881), 891. 
Hartley, Chem. Soc. 

Tram. 61 (1887), 163. 
Landauer, Ber. 14 
(1881), 391. 


II 


11 

One band 


Selective 


>1 


Hartley, Chem. Soc. 
Tra7i8. 61 (1887), 
168. 

Hartley, Chem. Soc. 
Trans. 61 (1887), 
158; Landauer, Her. 
14 (1881), 891. 
Landauer, Her. 14 
(1881), 891. 


Q2 



228 


BEPOBT— 1901. 

APPBNDIX-~<JO»f. 


Substance 

Formula 

Nature of 
Absorption 

Reference 

Di-methyl-amido- 
azo-benzene j 

Di-methyl-amido- 

^ fC6H4N(CH3), 

f c u 

J, |cXn(CH,).. 

Selective 

Landauer, Bcr. 14 
(1881), 891. 

azO-benzene 
sulphonio acid 

^2|C6H4.S03H .... 

» 

» 

Phenyl -azo- 
phenyl-)3-naph- 
thol - sulphonic 
acid (Croceine 
Scarlet) 

Tri - amido - azo - 
benzene 

Ph.N:N.C,H 4 .N:N.C,oH 5 (HS 05 )OH . 

iS 

One band 

Hartley, Oiem. Soc. 
Tram. 51 (1887), 
158. 

"^2|c6H4.nh2 * ‘ • 

Selective 

Landauer, Ber. 14 
(1881), 391. 


B 


Benzene 


Benzene - hexa - 
chloride 

Benzene-methyl . 
Benzene • tetra • 
hydro 

Benzoic Acid 


Benz - aldoxime 
{mti-) 

iso -Benz -aldox- 
ime {jsyn. aldox- 
ime) 

Benzene - azo-jS- 
naphthol-sul- 
phonic acid 
Benzyl diphenyl- 
amine— Violet 
Biebrich Scarlet 
(Sodium Salt) 

Bismarck Brown 
Triamidoazo- 
benzene 
Biuret . 


Brilliant Green . 


Brom-benzcue 

Brucine 




Six bands 

Hartley and Hunting- 
ton, Phil. Trans. II. 
(1879), 257 ; Hartley, 
Chem. Soc. Trans. 
47 (1885), 685; Hart- 
ley and Bobbie, 
Chem. Soc. Trayis. 
7.3{1898),695;Pauer, 
Wied.Ann.derPhys. 
61(1897), 863. 

CoHoClo ... . . 

Highly di- 

Hartley, Chem, Soc. 

actinic 

Trans. 39 (1881), 
153. 

See Tdiucne. 

See under T. 



C^Hs.COOH 

Selective 

Hartley and Hunting- 
ton, Phil. 7'ram.I. 
(1879), 267. 

C€H 5 ,C.H 


Hartley and Bobbie, 

!l 

One band 

Chem. Soc. Trans. 

OH.N 


77 (1900), 609. 

C 6 H 5 .C.H 


N.OH 

See under Aso Compounds. 



- 

Selective 

Lemoult, Compt. Bend. 
131 (1900), 839. 

HSO,.aH,.N,.0,H,(HSO ,).N,.C, Jle.OH . 

One band 

Hartley, Chem. Soc. 



Trans. 61 (1887), 
163. 

CoH 4 .NH 2 .N:N.CflH 3 (NH,\, . 

a 

)) 

C 2 H 5 N 3 O 2 

Continuoufl 

J. L. Soret, Archives 
des sciences phy- 
siques et naturelleSf 
1893 (3rd Scries), 
429. 

PhC:!CeH,N(Et)j}... 


Lemoult, Compt. Bend. 

Selective 

181 (1900), 839. 

OH 



C^Hs-Br 


Pauer, Wied, Ann. der 
Phys. 61 (1897), 368. 

C^:HooN.,0, + 4H20 . . . . 

»> 

i 

Hartley, Phil. Trans 
II. (1885), 471. 
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Substaocc 

Formula 

Nature of 
Absorption 

Reference 

euo-Baiylic Ace- 

CHsCOO.CiHp 

Continuous 

Hartley and Hunting- 

tate 

iso-Butylic Buty- 

C 3 H 7 .COO.C 4 Hy 


ton, Fhtl. Trans. II. 
(1879), 257. 

rate 




wo-Butylic For- 

HCOO.C^Ha 

n 


mate 

ijO-Butylic Vale- 

CjHsOj.CjHo 



ranate 



Butyric Acid 
Butyric Acid — 

CH,.CH,.CH,.COOH 
(CjH,COO) 3 Ba, 



Barium salt of 




Butyric Acid— 

CjHjCOO.Na 



Sodium salt of 



MO-Butyric acid 

(CH 3 ) 2 :CH.C 00 H 



Caffeine 

c 

CsHioNA . . . . . 

General 

Hartley, Phil. Trans. 

Camphor 

CioHi (,0 

Highly 

II. (1885), 471. 
Hartley, Ghent. Soc. 

Camphoric Acid . 

CsH,4(COOH).j 

diactinic 

General 

Trans. 89(1881), 158 

Carbohydrates : 



Cane Sugar . 

CpH^iOu 


J. L. Soret, Archives 

Glucose . 

QHiA 

Highly 

diactinic 

General 

des sciences phy- 
siques et naturelleSf 
1898 ( 8 rd Series), 
429. 

Hartley, Trans. Chem. 

Soc. 51 (1887), 58. 

J. L. Soret, Archives 

o-Oxy-oarbanil . 
Carbon disul- 

See under 0. 

CS-> 

1 

I 

j 

Selective 

des sciences phy- 
siques et naturelleSf 
1898 (Srd Series), 
429. Also Hartley. 

Pauer, Wied. Ann. der 

phide 

Carbon disul- 



Phys. 61 (1897), 863. 
Pauer, Wied. Ann. der 

phide vapour 

Carbon disul- 



Phys., 61 (1897), 

868 , 

phide solution 




Carbostyril . 

CsHjNO 

One band 

Hartley and Bobbie, 

Methyl Carbo- 

^loHgNO ...... 

! 

i 

Chem. Soc. Trans. 
75 (1899), 640. 

» 

stvril 

Methyl pseudo- 

C 10 H 9 NO 

1 

M 

Corbostyril 



Cevadine (Merk’s 

^saH 4 gN 0 y(?) ..... 

General 

Hartley, Phil. Trans. 

Veratrin) 
Chlor-benzene . 

CgHjCl 

i Selective 

II. (18851, 471. 

Pauer^ Ann. der 

Chrysazin . 

CoH7(CO)2C6H3(OH). : . 


Phys. 61 (1897), 868 . , 
Libermann and Kosta- 

Ohrysoidine (Di- 

See Abo Coinpotifid^. 


iiecki,Ber, 19(1886), 
2827. 

amido- azo-ben- 
zene) 

1 


Cinchonine sul- 

(Ci9H2aN20)9.HaS04 + 2 H 30 . 


Hartley, Phil. Trans. 

phate 

Chinconidine sul- 

(CioH22N20)2HaS04 + 6 H .20 , 

t 

II. (1885), 471. 

! ” 

phate 
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Substance 

Formula 

Nature of 
Absorption 

Reference 

Codeine 

C 18 H 31 NO 3 . . . ^ . . . 

Selective 

Hartley, Phil. Trans. 
II. (1886), 471. 

Codeine di-acetyl 

Ci3Hi9(C,H30)8N03 . . . j 

„ ' 

»> 

Corallin 



Vogel, Ber. 11 (1878), 
1868. 

Cotamine hydro- 
bromide 

Croceine Scarlet 
(Phenyl - azo- 
phenyl-i3-naph- 
thol - sulphonic 
acid) 

C,jHi 5 N 04 .HBr + 2 Hj 0 . . . 

See under Aeo Compounds. 

»> 

Hartley, Phil. Trans. 
II. (1886), 471. 

o-Cresol 

C 6 H 4 (CH 3 ) 0 H 

»» 

Hartley, Chem. 80 c. 
Trans. 63 (1888), 

641. 

m-Cresol 

C 6 H 4 (CH 3 ) 0 H 

„ 

>> 

p-Cresol 

C6H4(CH3)0H 


Hartley, Cheni. Soc. 

Cumeneazo - $ - 

C9Hii.N:N.CioH4(HS05)20Hi8 . 

One band 

uaphthol-disul- 
phonic acid 

(Sodium Salt) 


Trans. 61 (1887), 
168. 

Cyanin 

Cyanogen- 

Hydrocyanic 

Acid 

See under H. 

Selective 

Vogel, Ber. 11 (1878), 
1868. 

Cyanuric Acid . 

Mo-Cyanuric Acid 
— Methylic 
ester of 

Cyanuric Acid— 
Methylic ester 
of 

C5N3(0H)3'. . . 

See Methyl iso-cyanurate. 

See Methyl cyanurate. 

General 

Hartley, Chem. Soc 
Trans. 41(1882), 45; 
Hartley, Dobbie and 
Lauder, Chem. Soc. 
Trans. (1901), 

Cyanuric Chlor- 

C 5 N 5 CI 3 ... 


Hartlev, Dobbie and 

ide 

D 


Lauaer, Chem. Soc. 
Trans. (1901). 

di- Acetyl Codeine 
a-Ethyhc di-ben- 
zoyl succinate 
^-Ethylio di-ben- 
zoyl succinate 
7 -Ethylic di-ben- 
zoyl succinate 

Di - amido - azo - 
benzene 
(Chrysoidene) 

See under Codeine, 

See under E. 

See under E. 

See under E. 

See Azo Compounds. 


1 

1 

Di-ethylamine . 

NH(C2H5)2 

Continuous 

Hartley and Hunting- 
ton, Phil, Trans. 
I. (1879), 267. 

Digitaline . 

^29^^460 12 


Hartley, Phil. Trans. 
II. (1886), 471. 

Diketo hexame- 

co<ch:;cS>co • ■ • 

See Azo Compounds. 

)} 

Hartley and Dobbie, 

thylene . 

Di-methyl-amido- 

azo-benzene 


Chem. Soc. Trams. 
(1898), 599. 

Dimethylamine . 

NH(CH3)a 


Hartley and Hunting- 
ton, Phil. Trans. 1. 
(1879), 267. 
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Substance 

Formula 

1 , 

1 Nature of 

Reference ] 

1 


j Absorption 

Dimethyl pyra- 

C^HhN^ .... 

1 

. ^ One band 

Hartley and Dobbie, 

zine 

m - Dioxyanthra - 


1 

Chem. Soc. Trans. 

77 (1900), 846. 


Selective 1 

Libermann ajid Kosta- 

quinone [1 : 2] 



necki, Her. 19 (1886), ' 
2327. 

Dipyridine . 

CioHkN, . . . 

One band i 

Hartley, Ghem. Soc. ! 




Trans. 47 (1885), 
685. 


E 



Emodin 

CuHsO, .... 

Selective 

Libermann and Kosta- 



necki, Ber. 19 (1880), 
2327. 


Eosin . 

CaoHsBriOi ■ . . . 

* )> 

Vogel, Ber. 11 (1878), 




1863 ; E. Vogel, 
Wied. Arm. 48, New 
Series (1891), 449. 

Ethylamine 88 % 

NH2(C.^H,) . . . 

. Continuous 

Hartley and Hunting- 




ton, Phil. Trans. 1. 
(1879j, 267. 

Ethyl-benzene . 

C,H,(C,H5) . . . 

Selective 



Pauer, Wied. Ann.der 




Phys. 61 (1897), 336. 

Ethylene Gas 

CjH, .... 

. . Highly 

Hartley, Chem. Soc. 



diactinic 

Trans. 89 (1881), 

168. 

Ethylic Alcohol . 

C,2HvOH . 

» 

Hartley and Hunting- 



ton, Phil. T rafts. I. 
(1879), 267 ; Schbnn, 
Wied. Ann. 6, New 
Series (1879), 267. 



Ethylic Acetate , 

CH-..rOO V H. . 

Continuous 


Ethylic Butyrate 

, C-II COO.f'.ll . 


)> 1 

Ethylic Formate 

jicoo.c.ii: 

n 

» ' 

Ethylic Isocyan- 

' CO.iN.cA 

ij 

Hartley, Dobbie and 
: Lauder, Chem. Soc. ' 

1 Trans [im). 

ate 



Ethylic Propion- 

CaHvCOO.CjH^ 


1 Hartley and Hunting- ; 

ate 



, ton, Phil. Trans. I. i 
; (1879), 267. 

Ethylic Valerate 

C5H,0.,.C.,H, . . 


1 

Ethylic ether of 

! See under 0. 



0 - oxycarbanil 
(enolic form, 
B.P. 225''-280°) 

1 

j 



Ethylic ether of 

See under 0. 

1 


0 - oxycarbanil 
(ketonic form, 
M.P. 29°) 

! 

j 


a-Ethylic diben- 

1 C,.,H2,0« . . . 

One band 

1 Hartley and Dobbie, 

Boyl succinate 

! 

1 


Chem. Soc. Trans. 

, 77 (1900), 498. 

)8-Ethylic diben- 


* • • M 

» 

zoyl succinate 
y-Ethylic diben- 

1 C2.^H.2.20g . 

.... 

M 

» 

zoyl succinate 

P 

a 



Fast Red (Sodium 

1 HS03.Ci(jHc.N:N.CioH6.0H 

. ! One band 

Hartley, Chem. Soc. 

Salt) 

1 a a 


Tram. 61 (1887), 158. 
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Substance 

Formula 

Nature of 
Absorption 

Reference 

Flavo-purpurin . 

CoH 5 (OH) <®g>C 6 H 2 (OH), . . 

[ 1 : 2 : 6 ] 

CooHjoOs 

Selective 

Libermann and Kos- 

Pluorescein . 


tanecki, Ber. 19 
(1886), 2827;Lieb€r. 
mann, Ber. 21 (1887), 
2627. 

Krliss, Ber. 18 (1885), 

Fluorescein — De- 



2686 ; E. Vogel, 
Wied, Ann, 48, New 
Series (1891), 449. 
Kriiss ; E. Vogel, loc. 

rivatives of 
Formic Acid 

H.COOH 

Continuous 

cit. 

Hartley and Hunting- 

Formic Acid — 

(HC 00 ) 2 Ba 

. n 

ton, Phil. Trans. I. 
(1879J, 257. 

»> 

Barium Salt of 
Fuchsin 

1 

C 3 oHioN:;.HCI + 4H20 . . 

Selective 

Melde, Pogg. Ann. 126 

p-Fuclisin . 

CoHjC-fCgHiNH.). .... 


(1866), 264; Vogel, 
Ber. 11 (1878), 1868. 
Kriiss, Bei\ 15 (1882), 

Furfuraldchydc . 

1 

Cl i 

C 4 H 3 O.COH 1 

Continuous 

1243. 

Hartley and Dobbie, 

Furfuramide 

(C4H50.CH3)3N2. . . 


Chem. Soc. Trans. 
(1898), 699. 

u 

. 

Furfuran . 

CH:CHv 

1 >0 

CH:CH^ 

G 

See under Carbohydrates. \ 



Glucose 

‘ 1 


Heliantliiue (Tro- 

H 

: HS05,CoH4,N:N.C6H4N(CH3).. . . 

Selective 

Hartley, Chem. Soc. 

poeoline 0 ) 

! (4) (4) (1) ■ . , 


Trans. 61 (1887), 

Heptane 

0 : 11,0 

Continuous 

158. 

Hartley and Hunting- 

Hexane 

! C,Ku 


ton, Phil. Trans. 

I. (18V9),257. 

Hexamethylene . 

; C 0 H 0 .H, 

I 

Hartley and Dobbie, 

Hexam e t hylated 
Violet (Crys- 

Cl 

1 1 i 

(Me,NCoH 4 ) 2 =C.CflH 4 .N.Me.. . 

i 

1 

1 

1 Selective 

Che7n. Soc. Trans. 
77 (1900), 846. 

1 ^ . • n 7 

tal Violet) 



Hippuric Acid . ! 

Cj>H.,N 05 

Continuous 

Hartley and Hunting- 

Hofmann’s Violet 

(■..ii-.'Ciij’-NVJirci , 

1 

Three bands 

ton, Phil. Trans. 

I. (1879), 267 ; J. h. 
Soret, Archives des 

rjj r P H 'll (*ti /if 

. IH98 iJJrd 

Series), 429. 

1 Hartley, Trans. 51 

Hydrocyanic Acid 

HCN 

1 

! Continuous 

(1887), 158. 

Hartley, Trans. 41 

Hydroquinone . 
m-Hydroxyben- 

See under Quinone 

C 6 Hj(OH)COOHj .... 

i 

Selective 

(1882), 46. 

Hartley, Ghent. Soc, 

zoic Acid . 


!rraw5.68(1888),641. 
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Substance 

Formula 

Nature of 
Absorption 

p-Hydroxyben- 
zoic Acid . 
Hydroxyl amino 
hydrochloride 

CoH 4 (OH)COOH .... 

1 

NH2(0H).HC1 

Selective 

Highly 

diactinic 

Hyoscyaminc 

CnHogNOr. 

Continuous 

Hypoxanthine 
(Sarcine) . 

C-.H^NiO 

Selective 


I 


Indigo . 

p/CO\p TT 

Selective 

Indigo — Deriva- 
vatives of 
lodo-benzene 

CeHJ 


Iodine Green (Tri- 
methyl* rosanih 
ino di -methyl - 
di*iodido) 

Isatin . 

CHj.HN.CeH 4 \/N.CH-; 

C 1 • 2 CH 3 I . 

CH;.HN.CcH ,/\C„H 5 .CH 3 

Four bands 

Two bands 

Methyl Isatin 
Methyl pseudo- 
Isatin 

Iso Compounds . 

lodobenze n c 
Vapour 

! lodo^nzene So- 
i lution 

1 

C 4 H 7 NO.J 

C 0 H 7 NO.J 

One band 
Two bands 

See under substance to winch Iso is 
prefixed, 

C 0 H 5 I 

Selective 

Continuous 


J 


Jap-aconitine 

i See Aconitine 

! 


L 


j Leucine 

! C.HijNO, 

Continuous 

i 

M 


1 Malachite Green . 

CoH.vC [ C\iH^N(CHr.) 2 ! » . 

’ Selective 

1 

OH 


1 Melamine , 

1 

C3N3(NH2), 

, Continuous 

1 Melamine — Tri- 
ethyl ester of 

See under Tri-ethyl melamine. 

i 


Hcference 


Hartley, Chew. Sog. 

Trans. 68 (1888), 641. 
Hartley and Dobbie, 
Chem. Soc. Trans, 
77 (1900), 818. 
Hartley, Fhil. Trans, 
II. (1886), 471, 

J. L. Soret, Archives 
des sciences physi- 
ques et naturelleSf 
1893 ( 8 rd Series), 
429. 


Vogel, Ber. 11 (1878), 
1363 ; Kriiss, Ber, 
18 (1885), 2686. 

Kruss, Ber. 18 (1885), 
2586. 

Paner, Wied. Ann. der 
Phys. 61 (1897), 863. 

Hartley, Oiem. Soc. 
Trans. (1887), 158. 

Hartley and Dobbie, 
Chem. Soc. Trans, 
75 (1899), 610. 


J. L. Soret, Archives 
des scienees phy- 
siques et naturelleSf 
1893 (3rd Series), 
429. 


Lemoalt, Compi. Bend, 
181 (1900), 889; 

Vogel Ber. 11 (1878), 
1868. 

Hartley, Dobbie, and 
Lauder, Chem. Soc. 
Trans. (1901). 
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Substance 


iso ■ Melamine - 
Tri-ethyl ester 
of 

Mesitylene . 
Methylamine88% 


Methylamine hy- 
drochloride 

Methylic Alcohol 


Methyl Carbo- 
styril 

Methyl pseudo- 
Carboatyril 


Methyl Green 


Methyl Isatin 
Methyl pseudo- 
Isatin 

Methyl Pyridine . 
Methylic Acetate 


Methylic Alcohol 

Methylic Buty- 
rate 

Methylic Cyanu- 
rate(M.P.185°) 

Methylic Formate 


Methylic Isocy- | 
anate | 

Methyl Iso-cyanu- ' 
rate (M.P. 176°) ; 

Methylic Pro- 1 
pionate I 

Methylic Salicy- 
late 

Methylic Vale- 
rate 

Methyl Violet 
[Penta - methyl 
Violet?] 

Morphine . 

apo-Morphine 

Methyl Morphine 

Morphine - tetra- 
cetyl 

Murexide 


REPORT — 1901. 

Appendix— omt. 

Formula Ata«ptlou I Keferenco 


See under Tri- ethyl-iso-melamine. 


See Tri-methyl Benzene, 

■ 


NH,(CH3) 

Continuous 

Hartley and Hunting- 

' 

CH5.NH2.HCl 

1 

1 

Highly di- | 

ton, Phil. Trans. I. 
(1879), 267. 

Hartley and Dobbie, 

actinic 

Chem. Soc. Trans. 

CH5.OH 

1 

77 (1900), 318. 

Hartley and Hunting- 

See under C. 


ton, Phil. Trans. 
(1879); Schbnn, 
Wted.Ann.%[\m), 
267. 

M >> 

CoHt.N.Me2.MeCl 



/ 

Me3.N.CoH4.C -C,5H4.N.Me2 . 

Selective 

Lemoult, Compt.Rend. 

1 l\ 


131 (1900), 839. 

Cl 

See under I. 


1 

1 

See PicoUne. 



CH-..COO.CH3 . 

Continuous 

Hartley and Hunting- 

CH5.OH ... . . 

Highly di- 

ton, Phil. Trans. I. 
(1879), 257. 

C3H7.COO.CH3 . . 

: actinic 

: Continuous 

j» 

CjNr/OCiyj . . 


Hartley, Dobbie, and 

H.COO.CH5 .... 


Lauder, Chem. Soc. 
Trans. (1901). 

Hartley and Hunting- 

CON.CH5 


ton, Phil. Trans, I, 
(1879), 257. 

Hartley, Dobbie, and 

C505N3(CH5)3 

i ” 

Lauder, Chem. Soc. 
Trans. (1901). 

n 

C2H5.C00.CH5 . . . . 


1 

1 Hartley and Hunting- 

CoH 4(OH).COO.CH5 .... 

Selective 

ton, P/iiZ. Trans. 1 . 
(1879), 267. 

>1 

CsHA-CHs 

Continuous 

)i 

Ci9H,.2N3(CH3)5HC1 .... 

Selective 

Vogel, Ber. 11 (1878), 

Ci7H,9N05 

M 

1868. 

Hartley, Phil. Trans. 

See under A. 

See Codeine. 

CnH,5(C2H50)4N03 . . . . 

1 

i ” 

II. (1885), 471. 


CUH4NH4.N5O6 ' Three bands Hartley, Chem. 80 c. 

+ H2O Trans. 81 (1887), 

168. 
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Substance 


Formula 


N 


Naphthalene 


Naphthalene Ked 
(Magdala Red) 
Naphthalene 
Red? 

N aphth a 1 e ne 
araido-azo-a- 
NarceYne 

Narcotine . 
oxy Narcotine . 
Nicotine 

m-Nitraniline 


C.oHh . . . 

C5oH„N3.HC1.H,0 

^50^20^ 4 . 

See under Azo Coinpowuh 
C23H,7N0,. . 

C22H.„N07 . . 

Sec under 0. 

C 10 H 14 N, . . 

C,H4(N0o).NH, . 


p-Nitranilinc . | C„H/NO. .NH, 
Nitro-benzene I , 

(vapour) I 

Nitro-benzene j 
(solution) 1 

o-Nitrophenol . ; C(iH4(0U)N0o 


p-Nitrophenol 

Nitroso - diethyl 
aniline 

Nitroso- dimethyl 
aniline 

Nitroao-ethyl ani- 
line 

Nitroso-iao-butyl 

aniline 

Nitroso - methyl 
aniline 

Nitroso - prophyl- 
aniline 

N i t r 0 8 o - d i - 
phenylainine 

Nitroso - di - me- 
thyl m-chlor- 
aniline 

Nitroso - di - me- 
thyl - m - brom- 
aniline 

Nitroso - di - me- 
thyl-m-iod- ani- 
line 

Nitroso -ethyl- a- 
naphthylamine 

Nitroso -ethyl-o- 
toluidine 

Nitroso-methyl-o- 

toluidine 


(’ H, (IH NO . 

(• II. NO N (■ M . 

C^4TdNO)N(CH5)o 

C,H,N{NO)C2li5 

Co,n5N(NO}C4H,, 

C6Hr,N(NO)CH3 . 

C,-,H,N(N0)C3H7 

^ (CeJy^N.NO . 

: c,H3C1(NO)N(CH5)2 

I C,H3Br(NO)N(CH3)5 

C,H3l(NO)N(CH3)2 

C,oH;N(NO)C2H, . 
C,iH4.CH5.N(NO)C2H.s 
CfiH4.CH3N(NO)CH3. 


I Nature of 
i Absorption 


Four bands , 

i 

Selective ! 

Continuous 
: Selective 
Continuous 
Selective 

Continuous ' 

Selective 


heference 


Hartley, Chem. 80 c. 
Trans. 89 (1881), 
153 ; 47 (1885), 685. 
Vogel, Ber. 11 (1878), 
6251. 


Hartley, Phil. Trans, 
II. (1885), 471. 


Hartley, Phil. Trans. 

II. (1885), 471. 
Hartley and Hunting- 
ton, Phil. Trans. I. 
(1879), 257. 

Pauer, Wied. Ann. der 
Phys.&l (1897), 868. 


Hartley and Hunting- 
ton, Phil. Trans. I. 
(1897), 267, 

Kock, Wied, Ann, 32 
(1887), 167. 
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Substance 


Octane 


Octylic Alcohol . 
Oxalic Acid (10 % 
solution) 


Oxaluric Acid 


or-Oxybenzoic 
Acid (see Sali- 
cylic Acid) 
m - Oxy • benzoic 
Acid (1.3) 

p - Oxy - benzoic 
Acid 

o-Oxy*carbanil . 


o-Oxycarbanil — 
Ethylic ether 
of (enolic form, 
B.P. 2250-280°) 
o-Oxycarbanil ~ 
Ethylic ether 
of(ketonicform, 
M.P. 29°) 
Oxy-narcotine . 

Ozone . 


Paparerine . 

Penta - methyl* 
para-rosaniliiie 


Phenanthreno 

Phenol 


Phenyl Bluo 


Phlorizine . 


Phthalic Acid . 
Picohne (Methyl 
Pyridine) 


Formula 


Nature of 
Absorption 


lleferencc 


0 



Continuous 

Hartley and Hunting- 

CgHn.OH 


ton, Phil. Trans. 1. 
(1879), 257. 

COOH 


»» 

1 

COOH 


J. L. Soret, Archives 

nQ/NH2 .... 

^^NNH.CO.COOH 

CoHt(OH)COOH .... 

Selective 


des sciences phy- 
siques etnaturelleSf 
8rd Series (1898), 
429. 

Hartley, Trans. Ghem. 

CcH4(OH)COOH .... 


Soc. 68 (1888), 641. 

Hartley and Hunting- 

C6Hi(OH)COOH . . . . i 


ton, Phil. Trans. 1. 
(1879), 257. 

ti 

‘CrHiOoN 

One band 

Hartley, Dobbie and 

' ’ 1 

CoH,OoN 


Paliatseas, Ohem. 
Soc.Tram. 77 (1900), 
889. 

V 

CaHoOoN 

>) 

V 

: 

Selective 

Hartley, Phil. Tram. 

0., 

i 

! 

II. (1885), 471. 
Hartley, Ghem. Soc. 

P 

...... 

Selective 

Trans. 89 (1881), 67. 

Hartley, Phil. Trans. 

(CryN-C„H,-C<Cg;N(CH,J, 

\__ I 

CiiHjo 

i 

1 

Four bands 

II. (1885), 471. 

Hartley, Ghem. Soc. 

CgH^OH 

Selective 

l-tl .l-'.l 
H 1-'. 1 u- i li'.' 'm,’ 

i 

ton, Phil. Trans. 1. 
(1879), 267 ; Schonn, 
Wied. Ann. 6, New 
Series (1879), 267. 
Lemoult, Compt. 

CaiHojOjt, 

1 

n 

Rend. 181 (1900), 
889. 

Hartley and Hunting- 

C6H4{C00H)o 

1 

; » 

ton, Phil. Trans.l. 
(1879), 257. 

fi 

C:,H,N(CH3) 

» 

Hartley, Ghem. Soc, 


i 

Trans. 41 (1882), 45; 
45 (1885), 685. 

Melde, Pogg. Ann. 
126 (1866), 264. 

> 



Picric Acid . 
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SubBtanoo 

Formula 

__ 

Nature of 
Absorption 

Keference 

Picrotoxino 

Co.,H3,0,, 

Continuous 

Hartley, Phil. Trans. 

11. (1885), 471. 

Piperidme . 

C:,H„N 

» 

Hartley, Cliem. 8oc, 
Trans. 47 (1885), 
685. 

Piperino 

...... 

Selective 

Hartley, Phil. Trans. 

11. (i885), 471. 

Potassium Cyan- 
ate 

KCNO 

Continuous 

J. L. Soret, Archives 
dcs sciences et natu- 
reJleSy 8rd Series 
(1893), 429; Hartley, 
Dobbie and Lauder, 
Che7n. Sac. Trans. 
(1901). 

Propionic Acid . 

C.,H:,COOH 


Hartley and Hunting- 
ion, Phil. Trans. I. 
(18711), 257. 

Propionic Acid— 

(C.2H:.COO),Ba 


Barium salt of 




Propionic Acid— 

CjHiCOONa 



Sodium salt of 




Propylic Alcohol 

r H OH 

J, 


Propylic Formate 





Propylic Propio- 

•■■■■■ -.H; 



nate 




Propylic* Valera 
nate 

1 Purpurin . 

j 

C^HqOq.C^H; 

5> 


[(0H)5 1:2:4) 

Selective 

Vogel, Per. 11 (1878), 
1363 ; Libermann 
and Kostanecki, Ber. 

11) (1886), 2327. 

^ Purpiu’o-xanihin 

I Pyrazine - di - 

(■,H,fCOU',.n,(OH).,[l :3] 

See under I). 

1 

Libermann and Kosta- 
necki, Ber. 19 (1886), 
2027. 

1 methyl 



1 

Pyridine 

r-,H,N 

1 One band 

! 

j 

j 

1 Hartley, Chem. Soc. 

1 rra?JS.47(18B5),685; 

1 Hartley and Dobbie, 

^ Chem. Soc. Trans, 

: 77(1900),318;Pauer, 

i TFiVf?. Ann. der 

\ Phf/s. 68 (1897), 363. 

Pyridine hydn* 

C-,H.N.l!Cl 


1 Hartley, Chetn. Soc. 

chloride 


1 

■ Trans. 47 (1885), 
085. 

j Pyridine ‘2.5 di- 
! carboxylic acid 

j (\lI-NiC()OIl) 

! Selective 

1 

Hartley, Chem. Soc. 
Tram. 41 (1882), 45. 

j {m - cinchome- 
ronic acid) 



' Pyrocatochol 

' 

1 

1 >) 

1 

i Hartley, Chem. Soc. 
Tram. 53 (1888), 
641. 

Pyrogallol . 

! Pyromucii* Acid . 

' cyi;/OH)- 


j Hartley and Hunting- 
1 ton, Phil. Trans, i. i 
: (1879), 257. 


(\H,0.(’0()U 

; Continuous 

» 

Pyrrole (Pyrro- 

, Cll.C'll. 

1 >NH 


Hartley and Dobbie, 

line) 

1 ’’ 

Chon. Soc. 

CH:Cn 

1 

(1898), 599. 
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Substance 

Formula 


Nature of 
Absorption 

Reference 



Q 



Quinidine sul- 

(C,oH,4N,Oa),H,S04 . . 



Hartley, Phil. Trans. 

phate 

Quinine 

C H.:N.O. 

1 

Selective j 

II. (1885), 471. 

V 

Quinine sulphate 



j 

5J 

Quinizarin . 

: r II, CO II . (HI 



Libermann and Kosta- 




i 

necki, Ber. 19 (1886), 
2827 ; Liebermann, 
Ber. 21 (1887), 2527. 


j Quinone 

C,H,(OH).,. . 


)) i 

Hartley, Ghent. Soc. 


Trans. 53 (1888), 

641 ; J. L, Soret, Ar- 
chives lies sciences 


j ; I physiques et natu- | 

i ' I relies^ 8rd Series ' 

I ‘ (1898), 429. i 

Quinoline . . i C,)H7N „ Hartley, Chem. Soc. ; 

! rmw.s. 41(18821,45; i 

47 (1885), 685. 


Quinoline hydro- 

: C,,H7N.HCI 


• 

n 1 

chloride 

Tetra- hydro-qui- 

CoHhN . . 


One band 


noline 

Tetra - hydro-qui- 

C.H.iN.HCl 


• M 

j 

noline hydro- 
chloride 


B 


! 

j 

Resorcinol . 

C,Ht(OH)o(l ;8) . 


. 1 Selective 

Hartley, Chem. Son. ] 




. 

Trans. 58 (1888), 

641. 

Rosaniline (base) 

H.,N.C6H4\p/CoH5(CH,).NH., 

H.^N.CgHi/’^XOH 

. Three bands 

Hartley, Chem, Soc. 
Trans. 51 (1887), 

Rosaniline hydro- 

C,oH3oN3C1 . 


j 

Two bands 

i*)o. ^ 

II 

chloride 

Rosolic Acid 

C‘2oHi605 . 


Selective 

1 Kriiss, Ber. 18 (1885), , 





j 2586. ; 

Ruflgallic Acid . 

Ci4H.,0,(0H), 


■ 

! Libermann, Ber. 21 


[1 . 2 • 8 : 5 : 6 : 7] 



> (1887), 2527. 


H^N- C,H./ 1 >C,H4 
\n/ 

S 



SaHranine . 


Selective 

liandauer, Ber. 11 j 




(1878), 1772. ; 


/\ 

Cl 


I Salicylic 

Acid 

C,jH 4(OH)(COOH‘) 


Hartley and Hunting- 

(5 % solution) 

Salicine 

CijH.gO, 


ton, Phil. Trans. I. 
(1879), 257 ; Hartley, 
Chem. Soc. Trans. 
53 (1888), 641. 

Santalin 


C15HHO5 


Vogel, Ber. 11 (1878), 

Sarcine 


See under Hypoxyanthine 


1868. 

Serine . 


C5H7NO3 ; 

Continuous 

J. L. Soret, Archives 

Sodium 

nate 

Carbo- 

Na.CO;, 

i 

1 

1 

1 

1 » 

(les sciences phy- 
siques et naturelles^ 
8ra Series (1893), 
429. 
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Substauce 

Formula 

Nature of 
Absorption 

! 

Reference | 

Solanine 

C 52 H 95 NO 18 (?) 

Continuous 

Hartley, Phil. Trans. 
II. (1885), 471. 

Strychnine . 

1 Tetracetyl mor- 
1 phine 

C 21 H 22 N 2 O.J 

T 

See under Morphint'. 

Selective 

» 

1 Totrahydrobenzene 

i 

CeHoH, .... 

Continuous 

! Hartley and Dobbie, ; 

’ Chem. Soc. Trans. \ 
77 (19l>0), 846. 

I ThebaYno . 

^loH'iiNOs ... . . 

Selective 

, Hartley, Phil. Trans. ' 
II. (1885), 471. 

Thiophene . 

CH;CH 


Hartley and Dobbie, ' 

1 \s . 

1 Strong 

Chem. Soc. Trans. . 


j CHiCH/ 

continuous 

(1898), 699; Pauer, 1 
Wicd. Ann. der 
Phys. 61 (1897), 368. , 

Thymol 

' CeiHcih){(\n,)0ii r . . . 

14 3 

1 

Selective 

Hartley and Hunting- 
ton, Phil. Trans. < 
(1879). 1. 257. 

Toluene 

; C 0 II 5 CH 5 ... . . 

! 


Hartley and Hunting- 
ton, Phil. Trans. 
(1879), 1.257; Pauer, 
Wied. Ann. der 
Phys. 61 (1897), 368. 

o-Toluidine Hy- 

1 C 7 U 7 .NH. 2 .HCI 


Hartley, Chem. Soc. 

drochloride 


Tram. 47 (1885), 

683. 

]) Toluidine . 
j Tri - amido • azo- 
1 benzoiio 

r-H.XH. . . . 

1 S( e .! ; /' 


>» 

1 Tri*ethylamine . 

j 

N(c,n5),^ . . . 

Continuous Hartley and Hunting- 
ton, Phil. Trans. I. 
(1879), 267. 

1 Tri-etliylmelamine C 3 N,jH^(C 

1 (M.P. 74°) 

i 


Hartley, Dobbie, and 
Lauder, Chem. Soc. 
Trans. (1901). 

1 Tri - ethyl - iso - 
1 melamine (M.P. 

1 

C,N,H 3 {C 2 H,), .... 

M 

»» 

1 Tri-mothylaniine . 

1 

N(CH3), 

>* 

Hartley and Hunting- 
ton, Phil. Trans. I. 
(1879), 257. 

i Tri-methyl ben- 
zene ( 1 : : 6 ) 

(Mesityleno) 
Trimothyl-rosanil 

' See loihtif' Green. 

Selective 

‘ »> 

j ine di-methyl- 
; di-iodide 


i 


* Tripheiiylmethane CH(C^H 5 ).-^ 

,, 

Hartley, Chem. Soc 

1 

1 TropcBoline 0 

1 

' Sec llelUmthine. 


Tmns. 51 (1887), 163. 

1 Tropceoline 000 

\ No. 1. OH.CioHo.N:N.CsII,.SOjNa 
a 

One band 



1 No. 2 . 0 H.CisH 8 .N:N.C«H 4 .S 05 Na 
/3 

; CgHnNO, 

i 

i 

1 

1 

j 

• >1 

» 

Tyrosine 

Selective 

Hartley igid Hunting- 
ton, PhU. Trans. 
I. (1879), 267 ; J. L. 
Soret, Archives de.s 
1 sciences physiques 
et naturelleSf 3rd 
Series (1893), 429. 
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Substance 


Formula 

Nature of 
Absorption 

Refer euce 



u 



Urea 

C0(NH2)2 


Continuous 

J. L. Soret, Archives 





des sciences phy- 





siqites et naturelleSf 
:ird Series (1893), 
429; Hartlev./oe cit. 

Uric Acid . 


• 

, Selective 

J. L. Soret, lor. et/.; 
Hartley, Chem. Soc. 





Trans. 51 (1887), 

153. 



V 



Veratrin 



' Selective 

Tl. .. rhil. Trans. 





II 47 

Victoria Blue 

Meo-N-C,;!! 



Jjemou\tyCo7}2pt.Ben(l. 



\ y /\ 

0 / Cl 

/\ ./ 


131 (1900), 839. 


' Meo-N.C„Hi 

t 

W 



Distilled Water . | 

HoO . 


Highly 

Hartley and Hunting- j 

1 



1 diactinic 

ton, Phil. Trans. I. 
(1879), 257. I 



X 



Xanthine hydro* 

C 5 H 4 N 1 O 2 HCI , . . . 

Selective 

J. L. Soi'ot, Archives , 

chloride 



' 1 

des sciences phy- 
siques et nnturelleSf 
3rd Series (1893), 





429. 

p-Xylene . 



Two bands 

i Hartley, Chem. Soc. 




1 

TmHS. 47 (1885), 685; 
Pauer, Wied. Ann. 
der Phys. 61 (1897), 
.363. 

m-Xjlene . 

C,Hi(CH3)o 


One band 

yj [ 

o-Xylene . . | 

i 



i ” i 



The Methods for the Determination of Hydrolytic Dissociation of Salt- 
Solutions, By R. C. Farmer, Ph,D,y M,Sc. 

[Ordered by the Council to be printed in extenso.'] 

It is a matter of common experience that many salts, although containing^ 
equivalent quantities of acid and base, react acid or alkaline towards 
indicators in aqueous solution. If we take, for instance, a salt such as 
potassium cyanide and dissolve it in water, we find that, although it con- 
tains the amount of hydrocyanic acid theoretically necessary to neutralise 
the pota^ium hydrate, it reacts strongly alkaline, thus showing the pre- 
sence of free potassium hydrate in the solution. 

A very superficial observation shows that the solution also contains 
free hydrocyanic acid. Its presence is indeed rendered obvious by its 
characteristic smell. It is therefore evident that the potassium cyanide 
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has undergone a decomposition into free potassium hydrate and free 
hydrocyanic acid 

KCN + HOH=:KOH + HCN. 

Similarly we find that other salts, as, for instance, ferric chloride, react 
acid in aqueous solution. 

Even Rose,^ who was probably the first to notice these phenomena, 
recognised that this was the result of a secondary reaction, which was 
brought about by the water. An analogy was sought in the decomposition 
of acid chlorides and the breaking up of organic complexes such as saccha- 
rose, in which the elements of water .are taken up, and for this reason 
the name ‘ liydrolysis ’ was, rather unfortunately, applied indiscriminately 
to the two phenomena. 

The nature of the decomposition formed the subject of considerable 
discussion, but it was not until Arrhenius brought the theory of electro- 
lytic dissociation to bear on it that a satisfactory explanation was found. 
As this theory is almost universally accepted at the present time, it is not 
necessary to make more than a passing reference to a theory which at 
one time offered some opposition to that of Arrhenius. This was an 
assumption that the saHs in question formed hydrates in aqueous solution, 
and that these hydrates possessed acid or basic properties. 

Thus Werner - attempted to explain the acid reaction of copper 
chloride in aqueous solution on the assumption that it formed a hydrate of 

the formula ^vhich was acid in character. In this way, of 

course, it would be possible to account for the acid or alkaline reaction of 
all hydrolysed salts. Potassium cyanide would form a hydrate of a basic 
nature and so on. 

It is an unsatisfacioiy feature of this theory that it makes the 
assumption of innumerable hydrates whose existence in aqueous solution 
is still to be proved ; but apart from this it is shown that the acid or basic 
reaction is the result of a dissociation and not of a formation of hydrates 
by the fact that the acid and basic compommts can be easily separated. 
This separation can be sometimes edccted by mere warming, as in the 
case of iron or aluminium acetate, in many other cases by dialysis. 

In the case of diphony lamine hydrochloride repeated washing suffices 
to completely remove the liydrocliloric acid, and in the case of many 
organic salts, as, for instance, sodium phenolate, one of the components 
can be partially removed by extraction with ether. 

In bSpO Arrhenius-^ brought forward a simple explanation of the 
hydrolysis of salts on the basis of the theory of electrolytic dissociation. 
All that was m‘.c(*ssary in order to bring the plionomeiion of liydrolysis 
into comphde harmony with the ion it* theory was to consider water as an 
electrolyte, to suppose that it is to a slight extent dissociated into 
hydrogen and hydroxyl ions. Later investigations have completely justified 
this assumption. Compared with the weakest of acids, the ionisation of 
water is almost infinitesimal, but it has been determined with a consider- 
able amount of accuracy. Water consists, then, of a solution of hydrogen 
and hydroxyl ions of such a strength that ten million litres of water 
contain approximately one gram e.quivalent of free ions. This means that 
water can act at the same time as a weak acid and a base. 


1901. 


Jah^rsber,, 1S52, 310. ‘ ^Zeit^chr, f Ur anorff. Ch6m.^ 9 , 108 . 

* Zeitsohr, fur Ckem,, 6, IG (1890). 
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Thus, when an acid and a base are brought together, the neutralisation 
never takes place quite completely. There always remain as ihany free 
hydrogen and hydroxyl ions over as are usually present in pure water. 
The quantity of ionised water is, of course, so small as to be practically 
negligible in most cases, but its effect becomes very marked when the acid 
or base of a dissolved salt is very weak. 

If we take, for instance, a salt like potassium cyanide, its acid, hydro- 
cyanic acid, is very weak, and is still further enormously weakened by the 
presence of its neutral salt, or, to put it in ionic language, by the presence 
of excess of cyanogen ions. The water is therefore by virtue of its slight 
acid properties capable of setting free a considerable quantity of the acid 
from its salt. 

It might appear at first sight as if the solution should still react 
neutral, since the acid and base are set free in e(i[uivalent (piantities. Th(‘ 
theory of electrolytic dissociation shows us, howev(ir, that this is not the 
case. If we consider the equilibrium ; 

KCN-f HOH;!KCir f HON 

the potassium hydrate exists practically completely in the ionised state, 
whereas the hydrocyanic acid is almost entirely unionised. Thus we hav^e 
a large excess of hydroxyl ions in the solution, and it is these that give 
rise to the alkaline reaction. Expressed ionically the equilibrium will 
read 

CN' + HOH;^ 1 ION + 01 1'. 

This theory of Arrhenius has now met with almost universal accept- 
ance, and has amply justified its adoption as a working basis for all 
quantitative problems dealing with hydrolysis. 

The conditions for the dissociation of a salt into free acid and base arcs 
therefore — 

1. That the acid or base of the salt, or both, ])e very weak. 

2. That the solvent itself be somewhat ionised. 

Hitherto the phenomenon appears only to have been studied in a(|ueous 
solution. If the slight conductivities found for pure alcohol are really 
due to an ionisation into hydrogen- and ethoxy-ions, tlien we should 
expect salts such as sodium phenolate to be also split up to some extent in 
alcoholic solution. 

For the qualitative detection of hydrolysis, indicators afford the most 
reliable test. From the results of Ley,^ litmus appears to be the most 
sensitive of these. 

Still, the method of simply testing the solution with ;in indicator 
might at times give misleading results owing to the presence of traces of 
acid or alkali in the salt. Ley recommends sx more satisfactory im‘tho<l. 
This is to titrate the solution. If the salt of a weak base, hjr instance, is 
really hydrolysed, it will not only react acid in the pure stale, but will 
also continue to react acid even on addition of a considerable (juantity of 
alkali. Thus, whereas the least trace of sodium hydrate sufficed to render 
a solution of magnesium sulphate or barium chloride alkaline, solutions of 
lead chloride and copper chloride continued to react acid until almost the 
whole of the hycirachloric acid had been removed by the sodium hydrate. 

As other qualitative methods any process'es may be used which bring 

» ZextkU. fur^^tiys, 'Chem,, 30, ‘i03 (1800). 
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about a separation of the components. Thus, the hydrocyanic acid may 
be partially removed from a solution of sodium cyanide by a current of 
pure air, the phenol may be partially extracted from a solution of sodium 
phenolate by ether, and so on. 

Quantitative Methods , — When we attack the problem of ascertaining 
quantitatively to what extent this hydrolytic dissociation of salts occurs, 
it is at once evidtmt that the hydrolysis cannot be dctennined by any 
direct lucasurement of the free acid or alkali in the system. If we attempt 
tej titrate the solution of a salt like potassium cyanide, the equilibrium 
is at once ilisturbed, and as we neutralise thci free p«>tassiuin hydrate m 
the syst(‘ni by the addition <jf acid, mort^ jjotassium hydrate is supplied 
fnmi the jiotassium cyanide to take its place. As we have seen, the 
neutral point is in many cases only reaclu^d when enough acid has been 
added to completely split up the salt. We must thr^ofore resort to some 
indirect means of estimating the free acid or alkali in the system without 
disturliing the equilibrium. 

We will pass over such methods as the determination of the heat of 
neutralivsatior\, as these hav<; led to very incorrect ideas as to th(‘ extent of 
tlui hydi-olysis. For instance, determinations of the heat of neutralisa- 
ti(»n of hydrocyanic acid led to the belief that a solution of sodium 
cyanide was split up to the extcuit of 80 per cent, into fret* hydrocyanic 
acid and sodium hydrate, whereas in reality its hydrolysis only amounts 
to about 1 p(*r cent, in normal solution. 

In fact, the hydrolysis proves in most cases to be much smaller than 
was formerly imagined. Kven salts like sodium phenolate, which react 
strongly elkaline, are only liydrolysed to the extent of '2 or 3 per cent, in 
about normal solution. 

Th(‘ (juantitative methods which have, hitherto be(*n umkI are mostly 
l);».s('d on tin* im^asurement of the \«*locily of reactions, brought about by 
tlie fre(' alkali or acid in the solution. Of thesi» react i<uis the chief have 
becui the saponitication of esters and the inversion of caiu‘ sugar. 

Sapnnijiratiou of Enters. -Vi take an ester such as ethyl acetate 
and dissolve it in pure water, it will remain for \vo.(»ks practically 
unaffected. If, however, we ad<l acid or alkali, saponification sets in, and 
pr<icecd.s with a velocity depending on the amount of acid or alkali added. 
The velocity can be measured by im'aiis of titrations. 

If we treat, the. ester with a hydrolysed salt, saponifieation will like- 
wise take place by virtue of the free acid or alkali which the solution 
contains. Wi' mu^f di.stinguisli bet ween the case in which the ‘saponification 
is brought about by fret* acid and that in which it is brought, about by 
alkali. The action of acids in saponifying esters is purely catalytic ; tin' 
amount of acid I'emains unchanged throughout the n'act ion ; thisi.s, therc'- 
foro, the simplest cas(', and w(*. will consider it tirst. 

For th(‘ nit'asurement of tlu' velocity, known cpiantities of ester and 
aeid are ]>rought together in aqueous solution and koi>t at constant 
temperature. At measured intervals of time a part of the solution is 
removed by means of a pipotfe and quickly titrateil. This tolls us how 
much of the ester has been converted to acetic acid and alcohol in a given 
time. From the results of these titrations the M’hole <'ourse of the reaction 
can be. followed. 

By the law of mass action, the velocity of the reaction at any moment 
is proportional to the product of the concentrations of the reacting sub- 
stances (the es’fier and acid). The velodry diminishe's, therefore, as the 

B 2 
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ester is used up. If Cj and Cj be the two concentrations, and t be the 
time, 

clG 

Velocity = — ^ ‘ =KC|C 2 , where K is a constant. 


If we always take the same amount of ester, the velocity of the 
reaction is proportional to the amount of acid added. The general 
method is therefore to determine by a preliminary experiment the velocity 
C'f saponification brought about by a known amount of pure acid, and 
afterwards to determine its velocity as brought about by the acid in the 
hydrolysed salt. If we have found the velocity of saponification brought 
about by a known quantity of acid, then we can conversely calculate 
from the velocity of saponification which the hydrolysed salt brings 
about, how much free acid it contains, that is, the extent of its hydrolysis, 
remembering always that the velocity of the reaction is proportional to 
the amount of free acid present. 

It should be mentioned that this proportionality does not hold quite 
sti-ictly in the catalysis of esters by means of acids. There are deviations 
from it which are not fully understood. It differs in strong and weak 
solutions of acids, apart from the difference which one would expect from 
incomplete ionisation. The presence of neutral salts also has a consider- 
able influence on the velocity. Consequently the results obtained by this 
method are not to be taken as very accurate. 

Since the velocity varies throughout the whole course of the reaction, 
we cannot take a direct measurement of the initial velocity of saponi- 
fication, as the vrdocity changes so quickly that no trustworthy resull.s 
could be obtained in this way. The calculation is carried out by means of 
the well known equation 



A 


which holds for monomolecular reactions. 

A is the initial concentration of the ester, x is the amount .saponififd 
in time ^ and K is a constant. The titrations taken during the whole 
course of the reaction are used to determine K. By comparing the 
constant K obtained for the hydrolysed chloride of a weak base with that 
obtained for pure hydrochloric acid, the amount of free hydrochloric acid 
in the solution of the salt can be easily calculated, and hence tlui degree of 
hydrolysis. 

The first experiinents in this din^ctioii were carried out by Walker in 
ISS9.^ He detmanined the velociti(‘s of saponification of methyl ac(^tat(d)y 
the; hydrochlorides of very weak bases, such as thiazol, and thus deter- 
iniucd the degrees of hydrolysis. 

A similar method was worked out for the salts of \ery weak acids by 
Shields, in 1893.‘^ He determined the hydrolysis of the alkali salts of 
phenol, carbonic acid, l:)oric acid, «fec. In this case it is not free acid that 
we have to determine, but free alkali, and the matter is complicated by 
the fact that the free alkali is removed from the system as the reaction 
proceeds, so that the equilibrium of the hydrolysis, as, for instance, 
KCN -f HOH ^KOH -f HON, is continually changing. It would load 
us too far to go into the details of how this is taken into account. It is 


Z<iitscnr./ur ph'ys. Chem.^ 4, 319 ^1839). 


- lUd., 12, 167 (1893). 
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sufEcient to say that a formula can be deduced for the reaction, and that 
Shields found it confirmed by experiment. 

Tu spite of the complicated nature of tlie reaction, very good results 
can bo obtained by tliis nujthod. The saponification procccMls very mucli 
more rpiickly under tlie ijiflucncc of hydroxyl ions than of hydrogen ions, 
and so the measurement of <‘vcn very small degrees of hydrolysis can be 
carried out at the ordinary temperature, which is itot tiic case in the 
method mentioned previously. Shields was able? to measure even such a 
small degree of hydrolysis as that of sodium acetate — rather less than 
0*01 per cent, in normal solution. This is a degree of precision which 
grejitly surj>asses tliat of any determinations of free acid by the catalysis 
of est«?rs or of cane sugar. 

Shields showed that the velocity of sapoiiificatiou was not disturbed 
by the presence of ester and alcfihol. lie further showed by this method 
that trisodium phosphate, Na^POi, is quantitatively split up in aqueous 
solution into NjiaHPOi and NaOH. 

According to I^ey,^ the saponilication of esters sometimes takes place 
oven under the influence of neutral salts, such at KCl at 100°. It is 
doubtful whetluT this points to a slight hydrolysis of the salts at this 
temperature, which seer is 's ery impr<jbable, or whether in certain cases 
other ions besides hydrogen and hydroxyl can act as catalysers in 
saponifying esters. In any case the velocity of the reaction is very small 
as compared with that brought about by salts which are known to be 
liydrolysed. 

The following tables give the percentage of hydrolysis of a number of 
salts of weak acids and bases as determined by this method by Walker 
and others. For tlie sake of comparison the values have all been recal- 
culated, so that the figures give the hydrolysis in normal solution. 


L — IfydroJt/sis o/’ ihn hydrochlorides of weak bases as measured by the 
catalysis o/ esters. 



Temperature = 25®, 


XaiiK* of base. 

PorciuitHgo hytlro- 
lysis of Jlydrochloritle 

ill ^ solution. 

10 

. 17 

Xumo of 

Pi'roentiiRo hydro 
IV'iis of lUdroihlor 

'rhiazol 

Acetoxime , 

in ‘ solution. 
10 

. :b> 

tilyc()C(»ll 

. r.> 

Urea 

. iK> 

Asparagine . 
Thiohj'ilaiPoin 

. 

Acct.-imido . 

. US 

. :io 

Tropionitrile 

Thiourea 

. Ui» 

Asparaginic Acid 

. :u 



IF. — Jfydrttl ysis of the, alLali salts of weak arifls ns utrasnrnl by the 



sajioniji cat loll of esters. 



T'emperature =s 25°, 



Porri'iitago Ilydro- 


IVvccntago Hydro 

X.iini* of Aoid. 

h sis of Riilth in 

N 

solution. 

Name of And. 

Ivsis of salts in 



solution. 


10 


10 

Ilydiocyanic acid 

. 1*12 

e-0!ilorplicnol 

. 1-18 

Acet ic acid . 

. . 0 008 

2:4. Dichlorplienol 

0-20 

('arbonic acid 

. 317 

2:4:6 Trichloridienol . 0*21 

riicnol 

. 3-05 

yi-Cyanphenol 

. 0-2!t 

/^-Chlorphenol 

102 

yi-Xitrophcnol 

. 0-10 


* Xeitsehr, fiir phys, Cltew.y 30, 230 (1800). 
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Inversion of Cane Sugar , — It is well known that the Inversion of cane 
sugar is brought about by the addition of acid to its aqueous solution, and 
that the reaction can be followed by means of the polarimeter. The 
velocity of the inversion is proportional to the amount of acid added, and 
it is evident that this is a method which can be applied to the estimation 
of the acid which is hydrolytically set free from the salts of weak bases. 

The first application of this method appears to have been made by 
Bruner in 1893. He measured the hydrolysis of a number of inorganic 
chlorides, nitrates, and sulphates at 40®. His work was, however, very 
much overlooked, through having been only published in a Polish journal. 
In 1900 he republished it in the ‘ Zeitschrift fur phys. Chem,* (32, 133). 

Meanwhile Walker and Aston ^ had determined the hydrolysis of a 
number of hydrochlorides of weak organic bases, and a few inorganic 
nitrates by the same method at 60®. Ley extended this work on 
inorganic salts at 100®.*^ It is impossible to directly compare these 
results with one another, as they were all obtained at diflerent tem- 
peratures. The temperature has been shown to have a very great in- 
fluence on the hydrolysis, as the dissociation constant of pure water rises 
abnormally rapidly with rise of temperature. 

The inversion is a monomolecular reaction, and the calculations are 
very similar to those of the catalysis of esters. Ley points out that this 
method is somewhat limited in its applicability. Some salts which react 
acid to litmus act as neutral tov/ards cane sugar, and conversely some 
neutral salts bring about inversion of the sugar. Even potassium 
chloride brought about inversion of the sugar at 100'', but gave very 
irregular results. A disadvantage of working at such a high temperature 
is that the results may be vitiated by impurities dissolved from the glass, 
and it is probable that something of this sort occurred in the determina- 
tions on potassium chloride, for Ley found similar irregularities on 
making experiments with extremely dilute solutions of hydrochloric acid. 
The inversion seems also to be considerably influenced by dissolved salts. 
Ley considered the limit of accuracy to be about 0'5 per cent, in 
normal solution. 

The following tables contain a number of results obtained by the 
abovementioned observers for the hydrolysis of organic and inorganic 
chlorides : — 


III. — Tfgth't'hj.1. of the hgdrocldorides of organic bases as deteriniaed 
by the inversion of cane sugar, 

Temyerciiure = 60®. 


Name of ba&c. 

Percentage Hydro- 
lysis of Hy drool iloride 

N 

n solution, 

10 

1-2 

Name of base. 

Perron tjige Hydro* 
Ivsis of Hydroelilonde 
N * 

in -- sf)lution. 

10 

18 

Pyridine . 

Glycocoll . 

Monomethylanilinc 

1*2 

Asparagine 

21 

Quinoline . 

1-2 

Acetamide . 

78 

^-Toluidine 

1*7 

Urea 

81 

Aniline 

2'6 

Thiourea 

92 

<?-Toluidine 

3-2 1 

Propionitrile 

92 


67, 676 (1896). 

Zeittehr.fur jdajs. Chem.^ 30, 216 (1899). 
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IV . — Hydrolysis of inorganic chlorides {inversion method). 


Motal. 

Zinc 


Temperature. 

. 100° . 


Hydrolysis of Chloride 

ill solution. 

10 

. . 01 

JiCad 


• ♦» • 


0-2 

13ery Ilium 


• • 


. . 1-8 

Aluminium 


• • 


. . 01 

)> • 


ir . 


2-7 

Cerium 


. 100® . 


0*3 

Lanthanum 


40® ! 


0*1 

Iron (Fe'") 



. . 10 

Uranyl (UO,")- 


• it • 


. . .3 

The chlorides of 

the alkali meta!s and of the alkaline earths, as also 


tliose of yttrium, scandium, manganese, cobalt, and erbium, showed no 
appreciable hydrolysis. 

A metlio:! somewhat similar to the inversion method was recently 
suggested by Wood.^ lEe allowed diastase to act on starch in presence 
of a hydrolysed salt. Acids or alkalies rcitard the action of the diastase, 
and the retardation was taken as a basis of measurement of the amount 
of acid or alkali present. The action is very much affected by changes of 
temp(‘ra{;ure. 8o far only rough approximations have been obtained in 
this way. 

Electric Con(lactivlfy.—~Tl\\it electric conductivity has for a long time 
been looked on as a useful method for the determination of hydrolytic 
dissociation. Its capabilities in this direction have, in my opinion, been 
considerably overestimated. The method used for the determination is as 
follows -It is well known that almost all salts are fairly completely 
ionised when dissolved in waler at a moderate dilution. Their electric 
conductivities, which form a measure of their ionisations, do not differ 
from one another by a great deal in solutions of e(]uivalent concentration. 

Th(‘ free acids and bases, on the other hand, have .all possible conduc- 
tivities, ranging from almost nothing in the case of the very weak acids 
and bases to values \ ery much greater than those of the salts in the case 
of the strong acids. 

If, then, w(* tak(» the solution of a salt such as aniline hydrochloride, 
which is considerably split up into free aniline and hydrochloric acid in 
a(|uoous solution, the observed conductivity will be partly due to tluj salt 
C,,ll:,NTf 2 llCl, and partly to the free HCl which is split off by hydro- 
lysis. The free .aniline which is present in the system will not contribute 
appreciably towards the conductivity. 

Since the conductivity of hydrocliloric acid is very much greater than 
that of aniline hydrochloride, wo shall be able to draw some conclusion 
from the conductivity as to the amount of free hydrochloric acid which is 
present in the system. If a, be the molecular conductivity which aniline 
hydrochloride woul<l have if it were not hydrolysed, //nci that of hydro- 
chloric acid, and x the fraction of the salt which is hydrolysed, the 
observed molecular conductivity (31) will bo 

M=(l— due to unsplit salt, 

+ HCl. 


Amer. Ckvin. Journ,^ 16, 313. 
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From this we get 

/‘nci""/*! 

From this the degree of hydrolysis can be calculated. 

The conductivity of the hydrolysed salt M cjin be directjy measured 
with a certain amount of accuracy. The experimental error will amount 
to perhaps 0*5 per cent, under favourable circumstances, rising to 1 per 
cent, or more at the highest dilations (about -i normal). 

Similarly /inci can be ascertained by direct measurement. 

The problem is,, therefore, tq ascertain what the molecular conductivity 
would be if the salt were not hydrolysed,- that is, //j. There are several 
ways of arriving at this, but -none permitting of any great accuracy. 
Walker was the first to attempt to measure hydrolytic dissociation in this 
way.^ He determined the electric conductivities of the chlorides and 
sulphates of a number of very weak organic bases, including salts which 
were hydrolysed to the extent of nearly 100 per cent. 

He arrived at the approximate conductivity which the salts would 
have in the unhydrolysed state by analogy with similar salts which were 
known not to be much hydrolysed, and assumed that the molecular 
conductivities would be equal at the same dilution. As the degrees of 
hydrolysis were in all cases very large, this served his purpose tolerably 
well. For instance, for thiazolhydrochloride in noimal solution he 
found M=1<S9*8. He assumed the real value to be 90. /inci was known 
to be 375. 

189*8~90 ^ 

Hence - ^-=:0'3;), 

i.e.f the salt is hydrolysed to the extent of 35 per cent. From the 
catalysis of methylacetate he found 3-t*6 per c(‘nt. Tlie values that he 
found in this way corresponded pretty closely with those obtained by 
catalytic methods. 

This method of analogy gives, however, only a very rough approxi- 
mation of the conductivity of the unsplit salt. It was probably several 
units out in most cases, and for this reason the method is not adapted to 
the determination of small degrees of hydrolysis Errors of several per 
cent, are unavoidable. In the case of the less hydrolysed salts no results 
could be obtained at all. Indeed, in the case of aniline hydrochloride he 
found the conductivity to be considerably ^nidJhn' than that calculated 
from the velocities of migration of the ions which it contains. It is th(‘re- 
fore evident that some more satisfactory method is necessary for the 
determination of the true conductivity {n\) of the salt in absence of 
hydrolysis, if small ver. en<^ri','r- of hydrolysis are to be measured. 

Bredig ^ extendc'd W.i.hi-rs work in this direction. He determined 
the true conductivities of such salts as aniline hydrochloride by a very 
simple device. He added aniline to the solution, and in this way drove 
back the hydrolysis to such an extent that he could arrive at the true 
conductivity of the salt. In this way he determined the hydrolysis of 
aniline hydrochloride and a number of its derivatives. 

The converse method of reducing the hydrolysis to a minimum by 

» ZeitschTj:- y ■ 333 ( 1889 ). 

* Ibid. 13 , .»L*i V' ^ ■ 
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excess of acid has deen tried, but, so far, without much success. The 
method is probably capable of much bettor development. 

The commonest method for the detfirmination of this \aluo is a 
somewhat indirect one. It is a well-known fact that almost all salts 
are fairly completely ionised in aqueous solution. Thus the moh^cular 
conductivity is not very far rennjved from its limiting value, oven at 
moderately high concentrations, and hence does not risavery much when 
we increase the dilution. It has been found empirically that the amount 
hy which the molecular conductivity of binary electrolytes increases 
between any two given dilutions is nearly constant. The conductivity is 
generally measured at dilutions ranging from 3*2 litres to 1024 litres. It 
has been found that in the case of binary electrolytes which are not 
hydrolysed the mcdecular •conductivity at these .two dilutions differs by 
approximately 10 units at 

— ;/32 = 19. 

Thus the sodium salts of the fatty acids, being scarcely at all 
hydrolysed, give differences which all approximate to 10 units. The 
sodium salts of dibasic acids give a difference of about 20 units and so on. 
In general, the difference, A, is given by 

whore and. n., are the valencies of the two ions. AVith hydrolysed 
salts wo get a Ncry different state of affair.s. Here we find the differences 
to be abnormally large, for the following reason. At the highest con- 
centrations the hydrolysis will not come into play very much, and the 
values found will approximate more or less to the true values. As we 
increase the dilution, however, the hydrolysis increases more and more, 
and at the highc'^t dilution a considerable part of the conductivity found 
will be due to free acid or base, and this will, therefore, as we have seen, 
be greater than the tTU(i conductivity of the salt. Hence the difference A 
will be greater than 10 units. 

If, therefore, we find that the difference A is abnormally great, the 
excess may be attributed to hydrolysis, and the extent of the hydrolysis 
may be calculated by making use of the equation mentioned above : 

M'=(l — + .rpHci. 


The method cannot be said to be very satisfactory unless the extent of 
the hydrolysis is very large. First, the measurement of the electric 
conductivity at a dilution of 1024 litres does not permit of an accuracy 
of within about 1 per cent. ; and secondly, this value A is by no means so 
constant even for salts which are not hydrolysed as might be desired. It 
frequently shows deviations of 2 or .3 units, and so a liydrolysis of even 
1 per cent, or so might pass unnoticed. We saw that the hydrolysis of 
sodium acetate could be fairly accurately measured by the velocity of 
saponification of ethyl acetate. In normal solution it amounts to 0*008 
per cent. If we calculate what difference this would make to the conduc- 
tivity, we find that the abnormality of the A value should be about 0*15 
unit. It will be at once seen that anything approaching this accuracy is 
out of the (jnestion by the electric method. Indeed, if we compare the 
values actually found for sodium acetate bv two such eminent 
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investigators as Ostwald and Bredig, we find that Ostwald gives 
iwi 024 — /^32==10-1, whereas Bredig gives 

When the hydrolysis is greater, however, an approximate idea of it 
can be gained in this way from the conductivity. 


V.~ Hydrolysis of the hydrochlorides of organic bases as determined from 
their electric conductivity. 


Name of ba^o. 

Aniline . 

f>-Toluidine 

w-Toluidine 

7 ;-Tolindine 

llotiiin 


Teovperature’=^^if , 

Hydrolysis of Hydrochloride 

N , . 

in solution. 

. . • . • . k ,1*5 

1-cS 

. 1*H 

0 0 

32-5 


VI. — Hydrolysis of inorganic salts {cond activity method). 
Tern perature =25®. 


Halt. 


Hydrolysis 
in solution. 


AlCl, . 
BeSO, . 
BbCL, . 
UO.,(NO,). 
Hg(C10,); 


0 5 
0 5 
0 4 

o-i; 


Much more might bo added on the subject of electric conductivity as 
applied to the determination of hydrolysis. Salts in which l)oth the acid 
and base are weak present quite a difierent aspect, but a discussion as to 
their behaviour would lead u.s too far. 

To return to the other methods of estimation, a l eceiit nudhod should 
be mentioned which differs from tho.se depending on catalysis. We 
have seen that when a salt such as aniline hydrochloride und(;rgoes 
hydrolysis two products result, the hydrochloric acid, strongly ionised and 
active, and the aniline, practically unionised and inactive. All the iiKithods 
that have been mentioned so far have depended on the njeasurement of 
the strongly ionised component, either by its conductivity or by some 
catalytic action which it brings about. * 

Under some conditions these determinations become difficult to’ 
carry out owing to the decomposition or precipitation of one of the 
reaction products or from other causes. In these cases it is better to 
measure the indifferent component. The method that suggests itself most 
readily is that of extraction with some solvent which is insoluble in 
water. The laws of distribution of a .substance between two solvents are 
well known, and by making use of these the hydrolysis can be ea.sily 
calculated from the amount of substance which is extracted. The 
method was tested recently by Farmer * in the following way. The salt is 
dissolved in a known quantity of Avater and a known quantity of benzene 
added. The whole is brought to constant temperature and shaken. The 
amount of substance extracted by the benzene is then estimated, preferably 


* J.C.S,, 79, 86 3(1901). 
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volumetrically, and from this the hydrolysis can be easily calculated if 
the distribution coefficient for the substance in question has been 
previously determined. 

The values found at different dilutions agreed very closely with those 
required by Arrhenius^ ‘ dilution formula.' So far the method has not 
been applied much, but it seems to offer advantages over previous methods 
in several respects. Particularly for solutions which decompose on stand- 
ing, it seems almost the only available method. It remains to be seen 
whether this method is capable of the same sensitiveness as that of Shields. 
If so, it would have the advantage of greater simplicity and rapidity. 

The foregoing are, then, the chief methods which have been used up to 
the present for the determination of hydrolysis. 

It will be evident from the abovementioned theory of hydrolytic 
dissociation that the extent of the hydrolysis depends on the strength of 
the weak acid or base present in the salts. The relation between the 
strength of the acid or base and the hydrolysis of its salts can be 
expressed by a simple mathematical formula. 

The dissociation constant is, of course, determined by the elcDbric 
conductivity. It is only recently, however, that the electric conductivity 
of such weak acids has been determined with sufficient accuracy to confirm 
the validity of this formula This was the work of Walker and Coruiack.^ 
The hydrolysis of the alkali salts calculated from the dissociation constants 
which they found for phenol and other weak acids agreed very closely 
with that experimentally found by the saponification method. This forms 
perhaps the most ininiuciug proof of the soundness of Arrhenius' views 
as opposed to su(;h theories as the one mentioned earlier, in which the 
acidity was attributed to the formation of hydrates. 

In this way, therefore, it would be possible to Cralculate the strengths 
of acids and bases whose electric conductivity is immcasuiahly small by 
determining the hydrolysis of their salts. 

This, of course, rests on the assumption that no intramolecular 
rearrangomeiit takes place when salts are formed, which is not always the 
case. In the case of \'arious dye stufls, for instance, where the salt forma- 
tion is accompaniea by a change of constitution, we sliould find that the 
relation betwecui the strength of the acid and the hydrolysis of its salts 
did not hold. If the measurements are experitiientally possible, such 
intramolecular rearrangements may be detected in this way. This is a 
method which has been applied by Ilantzsch to prove differences of consti- 
tution between certain acids and the salts that they form. 

In several cases he found that although tlie acids were v(*ry weak 
indeed, and should therefore give strongly hydrolysed sod him salts, yet 
the sodium salts showed only a slight hydrolysis. In the case of 
dinitroethane, for instance, he found that both tln^ free dinitroethane and its 
sodium salt reacted neutral, and from this lie concluded that the salt forma- 


tion was accompanied by a change of constitution from CJl ..Cn(N0.2).> to 
/NO, NO, 

CH, . Ca forming the salt CR, . C/ 

^NOOH ^NOONa 


¥i(^lds of research like this offer inducements for the more accurate 


determination of hydrolysis on the one hand and of the affinity constants 
of very weak acids on the other. 


* 6 ( 1900 ). 
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It has been long recognised that the study ot hydrolysis affords the 
best means of estimating the strengths of very weak acids and bases. 
Hince the affinity constant of pure water is now known with considerable 
certainty, exact measurements can l)e made in this way, even when the 
free acids or bases are difficultly soluble in water. It would, for instance, 
be possible to make exact determinations of the effect of substituents on 
the strength of phenol and aniline. The influence of constitution on the 
affinity constants of these very weak electrolytes would form an interesting 
field for research. 


The Relative Proi/ref^s of the Coal-tar Tadastri/ in Pngland and Ger- 
manif ditrintj the Fifteen Yenrs, Jhj AirniUIl GJ. GreeN, 

F.LC,, F.0:S. 

[Ordered by the Council to be printed in exteyiso.'] 

The coal-tar colour manufacture has well been called tlie flower of 
the chemical industries. Although in absolute money value of its pro- 
ducts not equalling some otlier branches of industrial chemistry, it repre- 
sents the liighest development of applied chemical research and chemical 
engineering, and may well be taken as the pulse of the whole chemical 
trade. .Indeed a coutitry which allows the most scientitic branch of 
chemical industry to languish cannot expect to maintain pre-eminence 
for long in any simpler branch of chemical manufacture ; since the skill 
trained for attacking the difficult problems of organic chemistry is certain 
sooner or later to be brought to bear on the simpler questions presented 
in the manufacture of so-called Gieavy’ chemicals (acids, alkalies, bleach, 
salts, (fee.), and processes hitherto often left to the supervision of foremen 
will be taken in harid by educated chemists, with consequent improvement 
in methods of manufacture, better yields, purer products, and cheaper 
production. The importance of the coal-tar industry cannot therefore 
be estimated alone by the value of its products, for it exerts a wide- 
spread effect upon all other branches of chemical manufacture, from 
many of which it draws its supplies of raw material. As a pregnant 
example of this influence, especially noticeable during the last decade, 
I may mention the revolution which is taking place in the manufacture 
of sulphuric acid, that most important product of the ‘ heavy ’ chemical 
trade. A strong demand had arisen in the colour industry for a largo 
and cheap supply of sulphuric anhydride, chiefly in connection with the 
manufacture of alizarine colours and of artificial indigo. With the object 
of .'.di-fv ii.g their own requirements in this respect, the lladisclie Aniline 
and yoda Works of Ludvvigshafen devoted much time and re.'soarcli to the 
problem of improving the catalytic process usually known by the name 
of Winckler, a modification of which process had been worked in this 
country by Squire Chapman and Messel since 1876. This endeavour was 
attended with such success that by means of the process and plant which 
they finally evolved they were enabled to produce sulphuric anhydride 
so cheaply that not only could it be used as such for a large variety of 
purposes, but by combination with water afforded a profitable source of 
sulphuric acid. This new method of manufacturing sulphuric acid is, for 
concentrated acid at least, cheaper than the chamber process ; and since 
the product is absolutely free from arsenic, and can be produced at any 
desired concentration, it seems likely to supplant eventually the time- 
honoured method of manufacture. 
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Besides exerting this influence upon the inorganic chemical manufac- 
tures, the coal-tar industry has given birth during recent years to several 
important daughter industries. The manufacture of synthetic medicinal 
agents, artificial perfumes, sweetening materials, antitoxines, nutritives, 
and photographic developers are all outgrowths of the coal-tar industry, 
and in great part still remain attached to the colour works where they 
originated. Of these subsidiary industries the most important is the 
manufacture of synthetic medicinal preparations, which has already 
attained to large proportions, and bids fair to revolutionise medical 
sci(mce. The re(|uirements of the coal-tar industry liave further led to 
great advances in the design and production of chemical plant, such as 
hlter-presses, autoclaves, fractionating columns, vacuum pumps and 
stills, suction filters, enamelled iron, aluminium, and stoneware vessels, ifcc,, 
for the supply of which extensive works have become necessary. 

It is a frequently quoted remark of the late Lord Beaconsfield that 
the chemical trade of a country is a barometer of its prosperity, and the 
chemical trade of this country has always been regarded as a most important 
branch of our manufactures. Even those who might be inclined to regard 
our declining position in the colour industry with more or less indifference 
would consider the loss of a material portion of our general chemical trade 
as nothing less than a national calamity. As already pointed out, how- 
tiver, the two arc indissolubly connected, the coal-tar industry being an 
essential and inseparable part of the chemical industry as a whole. It is 
with the object of a'.cei’taiuing our present and future prospects in the 
chemical trade of the world that I propose to compare the relative 
development of the colour industry in England and (Germany during the 
past fifteen years. It was at the commencement of this period, that is 
to say in the year 1«S8G, that Prof(‘ssor Alcldola, in a paper read before 
the Society of Arts, gave such a masterly account of the position of the 
industry of this country at that date, and sounded a warning note to our 
manufacturers and business men leg.o-iling its future progress. 

If an excuse is inquired for my venturing to refer again to a subject 
jpon which so much has been said and written already, it is supplied by 
the fact that the warnings repeatedly given by those wlio saw the future 
cle/irly (notably by Professor Meldola and Professor Armstrong) have 
remained largely unheeded by our business men. The conclusions which 
are forced upon us are unfortunately not of a reassuring nature for our 
national trade, but it is well to remember that notliing is gained by 
burying our heads in the sand, and that the cure of a disease caji only be 
effected after an accurate', diagnosis of its cause. 

Tlie period whicli wo hav«*. to consid(^r h»ai been one of (Extraordinary 
acti\i(y and rernarkabh' develoj)ment in the v:oaI tar iiuiustry, and before 
1 pass to the economic aspect of the question I shall ask you to consider 
very superlicially some of the main points in this advance. In no other 
industry than this have such extraordinarily rapid changes and gigantic 
developments taken place in so short a period, developments in which the 
scientific elucidation of abstract problems has gone luind in hand with 
inventive capacity, manufacturing skill, and commercial enterprise. In 
no other industry lias the close and intimate intt'rrelation of science and 
practice been more clearly demonstrated. 

Born in 1858 the colour industry had already attained to a consider- 
able state of development by the year iS86. The period prior to this 
might well be called the ‘rosaniline period,’ since it is chiefly marked by 
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the discovery and development of colouring matters of the rosaniline or 
triphenylmethane group, such as Magenta, Aniline Blue, Hofmann 
V^iolet, Methyl Violet, Acid Mnsronln. Acid Violets, Phosphine, Victoria 
Blues, Auramine, Malachite Ureen, and Acid Greens. Individual 
members of other groups had already been discovered, but the latter had 
not yet attained to the importance which they were destined later to 
occupy. This is especially the ease with the class of colouring matters 
containing tlic double nitrogen radical known as ‘azo^ colours. This 
group of compounds has, during the fifteen years which wc; have to con- 
sider, attained to such enormous dimensions and importance that this 
interval may fairly be termed the ‘azo period.^ The number of individual 
compounds belonging to this class, which have either been prepared or are 
at present prcparable, runs into many millions and far exceeds the 
members of all other groups of colouring matters put together. In com- 
mercial importance also they occupy a position at present far in advance 
of any other group, the employment of some of them (e.//., the ' azo ’ blacks) 
amounting to many thousands of tons annually. A great stimulus to the 
investigation of the azo compounds was given by tlie discovery by 
Bdttiger in 1(S84 of the first colour possessing a direct aflinity for cotton 
(Congo Bed), which was followed within a few years by a rapidly 
increasing series of colours of all shades having similar dyeing properties. 
The azo colours known prior to this time were either basic colours 
(Aniline Yellow, Chrysoidine, Bismarck Brown, ttc.) or acid wool colours 
(Xylidine vScarlet, Croceine Scarlet, etc.). The great simplitication of 
cotton dyeing brought about by the introduction of the new group of azo 
colours — ‘ Benzo ’ or ‘ Diamim^ ^ colours as they were called - led to a 
rapid increase of their number, and comjxmnds containing two, three, 
four, or jnoic doubh'-nitrogen groups, linking tog(‘ther the residues of 
various paradiamines (benzidine, tolidine, dianisidine, azoxytoluidine, 
paraphenylenediamine, naphthylenediamine, ttc;.) to various naphthol-, 
amidonaphtliol-, and naphthylamine .sulphonic acids made their app(‘<‘ir- 
ance in quick succession. Simultaneously therewith proceeded the dis- 
covery and investigation of the various isomeric derivatives of naphthalene 
required as raw products for the preparation of these colours, an investiga- 
tion which was largely aided by the cla.srucal research on the i.somerism 
of naphthalene compounds carried out in this country by Armstrong and 
Wynne. 

Another method of applying azo colours to cotton, ])y which much faster 
shades ore obtained, was introduced by Messrs. Bead Holliday, of 
Huddersfield, in 1880, and con.sisted in producing unsuljdionated azo 
compounds on the fibre by direct combination. Owing to the technicfil 
difficulties which were at first encountered in applying this process it has 
only reached its full development during the last tew years and at othc'r 
hands than thos(j of its discoverers. The most important colour produced 
by this method is Paranitraiiilinc Bed, for which over two hundred tons 
of chemically pure paranitraiiilinc are manufactured annually. 

The search for direct cotton colours led the author in 1887 to the 
discovery of Primuliiie. This compound, having a direct affinity for 
cotton and containing at the same time a diazotisable amido group, could 
be used for the synthesis of various azo colours on the fibre which were 
remarkable for great fastness to washing. It has had a large employment 
for the production of fast reds, and the new principle of dyeing which it 
introduced has been considerably extended in other so-called ‘ di^^o ^ 
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colours. The closer investigation of the thiazol group, to which primuline 
belongs, further led to the discovery of many other cotton colours 
belonging to this family, amongst the most important of which are the 
brilliant greenish-yellow called ‘ Turmerine ’ or ‘ Clayton Yellow,’ the 
light-fast ‘ Chlorophenino ’ or ‘ Chloramine Yellow,’ the pure greenish 
basic yellow ‘ Tliiollavine,’ and the fast cotton pink ‘ Erica.’ 

Passing over the stilbene azo colours and the basic azo ammonium or 
‘Janus ’ colours there remains a class of azo compounds to which T must 
shortly refer, namely, the mordant azo colours, which with the growing 
cleiuand for fasten* shades have recently come into much prominence. Tn 
these compounds the [)i*osonc(‘ of an ortho hydroxyl or carboxyl group 
gives to the colour the ])roperiy (following Liehermann and Kosta- 
nocki’s rule) of combining with metallic mordants, especially chromium 
oxid(‘, and producing therewith insoluble and fast lakes on the wool or 
cotton tibre. 

We now come to the consideration of three analogously constituted 
groups of colouring matters, namely, the aziiies, oxazines, and thiazines. 
The laborious sciontifi<* investigations of Fischer and Hopp, Bernthsen. 
Kchrmaiin, and others on the constitution of these groups of compounds, 
tlie first members of wh'cli (Methylene Blue, Sallranine, and Meldola’s 
Blue) were discovered in a very <?arly stage of the industry when little 
or nothing was knowm of their structure, combined with the theoretical 
view^s on the nuinonoid structure of such colon l ing matters promulgated 
by Armstrong and adopted by Nietzki, led to the discovery of many 
valuable new members of these classes. Amongst the latter may be 
specially mentioned the llosindulines, Jndoine Blue, Tndulino Scarlet, 
Khodulines, A’c. 

Passing to the pyrone and acridine groups in which much investiga- 
tion has also beem conducted, the most notable a<lvan(‘es liaN(* been the 
discovery of tli(» ‘ Khoflamines,’ a <*lass of pun* basic reds, and of the basic 
yellows and oranges allied to Phosphine, namely Acridine Yellow, Benzo- 
tlavine, and Acridine Orange. 

It is in the alizarine group next to the azo group that the greatest 
progress must be recorded. The demand for fast colours for calico 
})rinting and for dyeing chrome-mordanted wool to withstand severe 
‘ milling ’ op(*rations has led to a long series of inx i ^f ig it ii.i: ^ and patents 
for produtdng new derivatives of anthraquinone. Tliese new products, 
known in eoninierce as ‘Alizarine Bordeaux.’ ‘Alizarine Cyanines,' 
‘ Antbracem* Blues,’ ‘Alizarine Viridine,’ ‘AlizMrine Saphirol,’ i^'c., are 
polyoxy or aini(h)o\y-antliraquinone.s, for the preparation of w’hich 
either alizarim* or nitroanthraquinoncs are the usual .starting points. 

Passing over some smaller groups, wa now come to a very peculiar 
class of dyestulTs containing sulphur, which, although disco\ered by 
(,^*oissant. and Brett-oniere in IS7I^, remained eontined to a single repre- 
.sentati\e- ‘(Velum de Ijaval -until Bayinoiul Vidal in ISO.*) obtained a 
very fast black (lolouring matter, wliioh dyed unmordanted cotton, by 
heating paraamidopbonol with sulpbnr and socliiim sulphide. The 
possibility of replacing Aniline Black in c»itton dyeing by a direct 
coloui ing matti*r, and possibly also of obtaining other sjiades which, though 
dyed in a single bath, would resist subsftc]iient ‘ cross dyeing ’ of the 
wool in mixed fabrics, lent an immense impulse to the study of this class 
of colouring matters; and although their molecular structure still remains 
wrapped in ob'Seurity, many now representatives ha\’t> followed each 
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other in rapid succession, ranging in shade from blacks of various hues to 
browns, olives, greens, and blues. As the most important of these I 
may mention Vidal Black, Tmmedial Black, Katechine Black, Immedial 
Blues, Pyrogene Blues, Katechine Brown, Katechine Green, &c. 

It may fairly be claimed, however, that the greatest triumph of the 
coal-tar industry for the past fifteen years has been the successful 
production of artificial indigo on a large manufacturing scale. 

lieturning from the scientific to the economic aspect of the subject, 
I shall ask you now to consider what share we have obtained in the 
great expansion of trade resulting from all these new discoveries, many 
of which have originated in this country. The development of the 
industry in Germany is well illustrated by the following figures : — 


J^xporl from Germany to the World, 


— 

1885. 

1805. 

1899. 


Tons. 

Tons. 

Tons. 

Aniline Oil and Salt . . . . | 

1,713 ! 

! 7,185 

— 

1 Coal-tar Colours (oxcl. alizarine) . . ; 

4,()4<) i 

15,789 

17,e39 

i Alizarine ('oloiirs ! 

4,284 1 

8,927 



Again, if we take values, we find that total exports of coal-tar 
colours from Germany amounted in 1894 to 2,000,000/., and in 1898 to 
3,500,000/., an increase of nearly a million in four years. The latter 
figure is practically the same as that given by Perkin as an estimate of 
the worlcVs total production in 1885, showing how great the increase has 
been since this date. 

The value of Germany’s entire production is somewhat difficult to 
arrive at. Witt, in hi.s report on the German chemical exhibit at the 
Paris Exhibition, gives as the value of the total chemical industry of 
(Germany for the year 1897 the enormous sum of lO.V million pounds 
sterling. Of this sum Lefevre estimates that at least one tenth may bo 
put down to colouring matters, and another tenth to raw, intermediate, 
and synthetic products from coal tar other than colours, and he thus 
assigns for the total annual value of the coal-tar industry of Germany the 
sum of nine to ten million pounds sterling. With the increase in tlie 
production of synthetic indigo, it may be taken to-day to considerably 
exceed this figure. 

One may well wonder what becomes of this enormous quantity of 
coal-tar products. According to the United States consuLar reports the 
'Ms million pounds’ worth of coal tar colours exported })y Germany in 
1898 were consumed as follows : — 

The United States took 
The United Kingdom took 
Austria and Hungary „ 

Italy 

China ,, 

whilst the rest of the world took the remainder. 

The great increase in production in Germany is further shown by the 
growth in the capital and number of workpeople employed. Thus 
according to a report of the Badiscbe Works, recently issued, the capital 


750,000^. worth. 
730,000<^. „ 

350,000/. „ 

225,000/, „ 

270,000/. „ 



THE ooal-tah industry m rngland and Germany* 257 


of this company, which was increased in 1889 from 900,000^. to 1,050,000/., 
will be further augmented this year by the issue of 750,000/. of 
debentures. The number of workpeople employed by this company in 
1900 was 6,4(Sr), as against 4,800 in 189G, an increase of over 33 per cent, 
in four years. The firm of Leopold Cassella &, Co., of Mainkur, near 
Fr/nikfurt, have increased the number of their workpeople from 545 in 
1890 to 1,800 in 1900. 

Passing now to England we find that the imports of coal-tar colours 
into th<) country are steadily i-ising, as is shown by the following figures 
taken from th(^ Hoard of Trade returns : — 

Impitrh of Cofd'tar l)f/e-di//f''t into l^hiylnnd during thr lad Fifteen Yean^ 
{excluding Indigo), 


issi; . 



1891 . 


. £590,000 

1S87 . 


512,000 

1S95 . 


. 710,000 

l.SSS . 


559,000 

1S95 . 


789,800 

1«8‘) . 


. 509,200 

1897 . 


. C!»5.400 

1«!M) . 


. 591,100 

1898 . 


. 789,000 

1801 . 


. 585,800 

1899 . 


. 708,800 

1S<)2 , 

IS'.Kt . 


. .512,200 

, 501,000 

1900 . 


. 720,000 


Ctuitrasted with tliis the exports of coal-tar colours manufactured in 
England have fallen from b.'lOjOOO/. in 1 890 to 306,500/. in 1 899. Comparing 
these figures witli the rapidly increasing export trade of Germany, it is 
seen that whereas formerly the English export trade in artiticial colours 
was a])oiit one <|uartor that of Cermany, it does not now amount to a 
tenth part. It is th(‘refore only too apparent that we have had but little 
share in the great inci t'ase which this industry has experienced during 
the [)ast fift(*en years, and that wci have not even been able to supply the 
exj)ansion in our own r(*quu'einents. Jn order to ascertain what propor- 
tion of our own needs we at prescuit furnish, I am able to lay before you 
tlui following interesting ligures, which have been kindly supplied mo by 
the ] Bradford Dyers’ Association and the Britisii Cotton and \Vool Dyers’ 
A.ssociatioii, who together form a very large proportion of the entire 
dyeing trade ; — 

Colon nng Mdltd'fi nred In/ lirm^ord Dgevs' Am)ciafion. 

English, 10 per cent. ; German, 80 per cent. ; Swiss, G per cent. ; 
]<h*encli, 4 per cent. 

Colouring Maftir.i n>'vd bg Brifidi Cotton and ]Vool TJgom' Am)(‘i(iiio)h 

Au.iiinr, Colotti's, — English, 2*2 per cent. 5 foreign, 78 per cent. 

Alizarine ColonrH , — Ihiglish, 1*G5 per cent, 5 foreign, 98*35 per cent. 

The lAifiliah Hev'ing Cotton Conqmny have also very kindly supplied 
me with a detailed analysis of their consumption, from which it appears 
that out of a total of sixty tons of colouring matters and otlier dyeing 
materials derived from coal tar only 9 per cc'iit. were of li^nglish manufac- 
tuie. 

The table of statistics, on the next page, of tlie six largest German 
firms gives a fair picture of the present dimensions of tlic industry in 
that country. 

The joint capital of these six firms amounts to at least 2^ millions. 
1901. ' s 



258 


HEPOM — 1901. 


They eiupioy together about 500 chemists, 350 engineers and other 
technologists, 1,360 business iii.-iiirtgiMs, clerks, travellers, tfec., and oyer 
18,000 workpeople. Compared with such figures as these the English 
colour manufacture assumes insignificant proportions. The total capital 
invested in the coal-tar colour trade in England probably does not exceed 
500,000/., the total number of chemists employed cannot be more than 
tliirty or forty, and the number of workmen engaged in the manufacture 
does not amount to over a thousand. 


Position of the Six Lai'fjost Colour Worhs in Gmnamt in Year 1900. 


1 

1 

Bodisehe 

AniVine 

Work! 

\r.n ' Varben- 

Lucias .mill ‘'uf!’'?." 

IVrliii 

Aiiihnc 

Ou. j 

CsWM'lU 
and I’o. 

Fail) work 
Jktuhlheilu, 
Lennhaidt 
and ('o. 

Total 
ot sjK I 

larffc^t 
ffi niN 

Capital . 

£1,030,000 

£833,000 

£882,000 

£441,000 

Private 


£157,000 

About 

coiieern 



£2,300,000 

Number ot 

148 

120 

115 

55 

\ 

\ 

About 

Cheriifrts 





1 

.500 1 

Number of 

75 

36 

175 

31 

I 



AJmiiC , 

ougiiieers, 
ilyers, and 
other 
technol o - 
jfists 

Co m in 0 r - 




! 

L 60 


- 4.50 

;J50 

305 

211 

5(H) 

150 1 

/ 

170 1 



! Aliont i 

cuil staff 




1 




1,.%‘0 ! 

Work- 

C,485 

i 

3,655 

4,200 

1 1,800 

1,800 ' 

1 



; About 

people 



18,260 1 

>' Dividunds 

24 per eeut. 

26 pel cent. 

" ! 

IS per cent, j 

12iiH*i cent * 

1 

Not know n 


9 per (‘(‘lit. 



III 1897 




1 

Dividends 

» « 

w » 

1 

2^ 1 

ii5 „ : 



3 « 


in 1898 







Divide n d s 

n If 

» 

1 21 » 

i 

22 '2 

„ „ 


5 

— 

in 1899 
Divide lids 

»» »» 

1 

20 per cent. 

29 29 

? 



nil 

1 

in 19UU 

' 1 
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A similar relative proportion is maintained in the number of patents 
for new colouring matters and other coal-tar products taken by the English 
and German firms, as is shown by the following table : — 


Comparison of Number of Completed Nn/jlish Patents for Coal-tar Products 
taken durmg Ifc^bO-lOOO by Six Largest English and Six Largest irermetn 
Firms. 


Gerniiin Firms 

i 

English Firms 


Badisebo Aniline Works 

179 

Brooke, Simpson, & Spiller 

7 

Mcistcr, Imcius, &; Binning . 


Clayton Aniline Co. . 

. 21 

Farbfabriken Bayer & Co. 

:i06 

Levin.stoin .... 

. 19 

Berlin Aniline Co 

119 

Head, Holliday, & Co. 

. 2S 

L. Cassella & Co 

75 

Claus Sc Bee .... 


Farbwerk Muhlheim, Leonhfirdt 
& Co 

as 1 

W. G. Thompson 

2 

Total of six German firms 

9lb 

1 

1 Total of .six English firms . 

. 8(i 


Nor does the potential loss which we have sustained by our inability 
to take advantage of a growing industry represent the sum total of our 
losses. The new colouring matters, made almost exclusively in Germany, 
have in many cases been introduced as substitutes for natural products 
which were staple articles of English coujmerce. Madder and cochineal 
have been replaced by alizarine and azo scarlets, the employment of many 
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dyeW^oods Ims greatly decreased, whilst at the present moment logwood 
and indigo are seriously threatened. Regarding the indigo question so 
much has been written that I do not propose to occupy space in its further 
<liscussion, but will only point out that the complete capture of the indigo 
market by the synthetic product, which would mean a loss to our Indian 
dependencies of 3,000,000/. a year, is regarded by the Badische Company as 
so absolutely certain that, having already invested nearly a million pounds 
in the enterprise, they are at present issuing 750,000/. of new debenture 
capital to provide funds to extend their plant for this purpose ! In the 
last annual report of the company they say : ‘ As regards pljint indigo, 
the directors are prepared and determined to meet this competition in all 
its possible variations in valuo. Much strange matter has been published 
in India as to improvements in tlie cubivation and preparation of natural 
indigo, but the illusions of the planters and indigo dealers are destined to 
be dispelled before facts, which, although they are not known to them, 
will make themselves more felt the larger the production of artificial 
indigo becomes.' 

Besides the loss of material wealth which the neglect of the coal-tar 
t?*ade has involved to the country, there is yet another aspect of the ques- 
tion which is even of more importance than the commercial one. There 
can be no question that the growth in Germany of a highly scientific 
industry of large and far-reaching proportions has had an enormous effect 
in encoiiraging and Rtimulating scientific culture and scientific research in 
all branches of knowledge. It has reacted with beneficial efibet upon the 
universities, and has tended to promote scientific thought throughout the 
land. By its demonstration of the practical importance of purely theo- 
r( 5 tical conceptions it has bad a far-reaching effect on the intellectual life of 
the nation. How much such a scientific revival is wanted in oiu* country 
the social and economic history of the past ton years abundantly testifies. 

The position with which we are confronted is in truth a lami'utahle 
one, and the way out is not so easy to find. In 18S() it could perhaps 
still be maintained that we held the key to the situation if we chose to 
make use of it, inasmuch as the principal raw products of the colour 
manufacture (tar oils, naphthalene, aiitliracene, soda, ammonia, iron, etc.) 
were in great measure impoi'ted from England. In a speech to the 
Academy of Sciences of Munich in 1878 Professor von Baeytn' liad said : 

‘ Germany, which in comparison with England and France p<)ssesses such 
great disadvantages in reference to natural rcsoui’ces, has succeeded by 
means of her intellectual activity in wresting from both countries a source 
of national wealth. Germany has no longer to pay any tribute to foreign 
nations, but is now receiving such tribute from them, and tli(^ primary 
source from which this wealth originates has its home, not in Germany, 
hut in England. It is one of the niost singular phenoniona in the domain 
of industrial chemistry that the chief industrial nation and the most 
practical people in the world has been beaten in tlie (»ndeavour to turn to 
profitable account the coal tar which it possesses. AVe must not, how- 
ever, rest upon our oars, for we may be sure tliat England, which at pre- 
sent looks on quietly while we purchase her tar and convert it into colours, 
selling them to foreign nations at high prices, will unhesitatingly cut off 
the source of supply as soon as all technical ditliculties have been sur- 
mounted by the exertions of German manufacturers.' ^ Professor von 

' Quoted by Mr. Lc\mstoin, Jour. S c. Chcni. Tnd.. ISSG, p. r]50. 

S 2 



260 


ilEPORT — 1901. 


Baeyer could not believe that the English manufacturer and capitalist 
would stand calmly by and sec an important industry which had had its 
origin and early development in his own country taken from beneath his 
nose without an effort to retain it. Yet the initial advantages which our 
natural resources atTorded us have been neglected, and now in 1901 the 
conditions are completely changed. Th(i adaptation of condensing pl.ant to 
the Westphalian coke ovens has rendered (Germany, though still a large 
buyer from England, no longer dependent on English tar and ammonia ; by 
the development of the aimuonia-soda process she no longer requires English 
alkali ; whilst all other raw products of the colour industry can now be 
purchased in the commercial centres of Germany at least as cheaply as in 
England, and some even at lower prices. Through the shortsightedness, 
ignorance, and want of enterprise of those with whom the care of the 
colour industry in this country has rested the opportunity has l)een 
allowed to pass for ever. The English capitalist has passed over as not 
sufficiently profitable for his consideration an industry which at present 
amounts to nine or ten million sterling annually, and from which his 
German confrere reaps a dividend of nearly 20 per cent. The English 
manufacturer has considered that a knowledge of the benzol market 
was of greater importance than a knowledge of the benzol theory, and 
after the early but brilliant days in the infancy of the industry 
when guided by such eminent workers as Hofmann, Perkin, and 
Nicholson, commercial progress and scientific investigation went 
hand in hand, but little encouragement has been given here to 
chemical investigators and discoverers. The control of the in- 

dustry unfortunately soon passed into the hands of men who had no 
knowledge and absolutely no appreciation of the science upon which 
their business rested, and, concerned only with getting tlio ultimate 
amount of present profit, discouraged all scientific investigations as waste 
of time and money. The chemist who devoted Jiimself to the elucidation 
of the chemical constitution of a colouring matter was regarded by them 
as an unpractical theorist of no value to a manfacturing business. Even 
when he discovered new cohering matters of commercial value they were 
so blind to their own interests, and so incapable of believing that any 
practical good could come out of such theoretical work, that in many cases 
they rcfus('d to patent or in any way take advantage of tlui discoveries 
made by him. During recent years this attitude has certainly undergone 
considerable modification, and some attempt has been made to call in the 
aid of the science so long neglected. Certain firms indeed must be given 
the credit of endeavouring to pursue a more enlightened policy, but those 
attempts have been of a more or less sporadic nature and always directed 
too much ill the expectation of realising immediate financial results. The 
difficulties which must be encountered in the attiunpt to regain the lost 
ground are of necessity very great, and arc (luite unappreciated by our 
businessmen. It seems in fact to have been the opinion of the public 
and the average financial man that this industry ought to be easily won 
back by us by the establishment of a few techiiical schools, the engagi^- 
ment of a dozen chemists, and the investment of a few thousand pounds 
in new plant, forgetting that the supremacy of our German competitors 
has been gained by years of patient toil, by the work of hundreds of 
trained chemi.sts, and by the outlay of millions of capital. Who can be 
suiprisod therefore if such expectations have not been realised, and if in 
spite of some notable successes the general position of the colour trade 
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in England at the present day, at a time when even the German trade is 
suiFering from the general depression, looks worse than at any previous 
period ? During years of stagnation in this country the German manu- 
facturers have heen realising large profits, which they have employed in 
consolidating their businesses, writing off the value of their buildings and 
plant, and accumulating emormous reserves (the reserve of the Badische 
Company is over a million pounds) : they have gathered round them 
perfectly working oi*ganisaiions, comjmising enormous staffs of scientifically 
and pi’actieally trained research chemists, factory chemists with highly 
specialised knowledge, chemical engineers, dyers, and others ; their 
travellers and agents ai^e in every part of tlie globe ; by long manufactur- 
ing experience and unremitting endeavour to improve their processes and 
plant they have brought the yields and (juality of their products to such 
a state of perfection that even Avheii the manufacture of these products 
is no long(^r covered by patents they are able to produce them at a cost 
price which is impossible lo anyon«‘ commencing their manufacture ; 
they have hedged themselves about witli a perfect stockade C)f many 
hundreds of patents, ha^e accumulated in their laboratories thousands 
of intermediate products ready at any time to he subjected to any new 
treatment or combination which research or theory may suggest as 
likely to yield new results. By the complete range of colours which 
they are able to (jfh^r in each group of dytjstulls, whether basic colours, 
a(ad colours for wool, fast colours dyeing on metallic mordants, diazotis- 
able colours, or direct colours for cotton, and by the, invaliuiblo aid and 
assistance which they can giv(^ the dyt'r in his daily work, they are 
enabled to retain his custom even if it sometimes liappens that a better 
and a cheaper article is offered him by the home producer. 

Where, then, are we to look for an improvement. ? Some would find 
a remedy in the imposition of heavy protective tariffs ; but such tariffs in 
Erance have not availed to prevent a similar state of things there, and 
protection in colouring matters iniglit have a very detrimental effect upon 
the textile industries of the country. Others expect salvation from the 
(‘xtension of technical schools ; hut laudable as is the aim of these institu- 
tiojis, I cannot see how tliey can effect much until their raw material is of 
a very different character from what it. is at present, and until the public 
can 1 j( 5 completely disabused of the fallacy that a year or two of technical 
training pumped into an ignorant schoolboy will produce a b(‘tter Avorks 
chemist than a university course of scientific study laid upon the founda- 
tion of a good general (education. Mr. Levinstein again bases his hopes 
for the future upon a reform of the patent laws, and seeks to compel all 
patented pi-ocesses to be worked in this country. Altliough I am incliiK'd 
to believe that a portion of our i)resent troubles have been brought about 
by a bad patent law, framed mainly from an ■ ■ ■ ! : and not from a 

chemical point of view, which seems specially designed to foster foreign 
trade at our own expense, yet I cannot attribute to this cause a too 
pi’ej)Onderatiiig influence, and am doubtful whether its removal now 
would materially improve the position. The remedy for the present state 
of affairs must of necessity be a slow one, and in my opinion can only bo 
found in a better appreciation of the valuta of science throughout the 
length and breadth of the land. TTntil our Government and public men 
can be brouglit to realise the importance of fostering the study of science 
and of encouraging all scientific industries, until our schools and universi- 
ties appreciate the importance of a scientific education, until the rewards 
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for public services in science are made e(iual to those in other branches 
of the public service, so long will science continue to be held in insuf- 
ficient esteem in our country, and the best and most promising of our 
rising young men will be deterred from adopting chemistry as a profes- 
sion. It is not so much the education of our chemists which is at fault 
as the scientific education of the public as a whole. 

The Application of the JiJfptilihHuQn Lair to the Separation of (^nptah 

from Complex Solutions and to the Formation (f Occamc Salt 
Deposits, Bfj Dr. E. Frank^and Armsthoncj. 

[Ordered by the Council to be printed in rj’tpinto ] 

The celebrated deposits of Stassfurt consist, it is well known, of an 
immense thickness of Rock salt, interspersed at fairly regular intervals 
with narrow bands of anhydrous Calcium sulphate capped with beds rich 
in Magnesium and Potassium salts. That such salt deposits are of marine 
origin is obvious ; but as their amount is much greater than could have 
been derived from the evaporation of the body of water present on the 
area over which they are distributed, even supposing its depth to have 
been that of the very deepest oceans yet known, a constant flowing in of 
water containing salts during the period of evaporation must be assumed 
to have taken place. As will be obvious later on, the presence of alternatii 
bands of Anhydrite and Rock salt throughout the deposits affords further 
proof that such an inflow must regularly have taken place. 

Roughly, the deposits may be divided into the following four regions : 

1. Anhydrite (CaSOj). 

li. Polyhalite (• 2 CaSO,.MgSO,.K 2 SO,. 21120), about GO metres thick. 

3. Kieserite (MgSOi.HoO), about 30 metri's. 

4. Carnallite (MgCl 2 .KCl.GH 2 C), about 23 metres. 

The presence in these deposits of salts such as Anhydrite and Kieserite, 
which are not those normally deposited from simple aqueous solutions, is 
in itself proof that the character of the separation is aflccted by the (‘on- 
ditions — i.e. the presence of other salts. The problem has been to detcT- 
mine the exact conditions which would give rise to such deposits. But 
the consideration of the S(‘paration <»f the salts from sea- water is merely a 
special and somewhat complex case of the more general probhun involved 
in the study of the separation of (Tystalline di'posits from solution, 
whether in the ordinary solvents familiar to the chemist, or in solvents 
such as are fused metals and silicates. 

The work hitherto done in this field has been conducted entirely by 
vanT HoflT and his pupils, and has already been carri(‘d so far that it is 
possible almost completely to interpret the geological phenomena afforded 
by the Htassfurt deposits. 

The results fall under what is commonly termed the Pha.so rule of 
Willard Gibbs. No difficulty can arise in understanding them when 
graphic methods are used. 

ft is before all things essential to bear in mind, in the first place, that 
a solution can only be spoken of as saturated with a given substance when 
the substance is present in the solid state in contact with the solution. 
Thus, for equilibrium to exist in the case of Sodium sulphate it is necessary 
to have the salt in solution together with the undissolved substance. The 
phase rule is but an expression of the fact that, in the case of solutions in 
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volatile solvents, eciuilibrium — i.e, saturation — is attained at a particular 
pressure at a particular temperature, and vice versd^ when n substances 
are present in states or phases separable as such, each such state 

being termed technically a phase.^ It is necessary to make this distinc- 
tion in order to guard against the aj^plication of the term ‘ phase ’ to the 
radicles of salts. The whole investigation may therefore be considered 
independently of the modern hypothesis of .solution, solely on the basis of 
facts. 

The real difficulty that occurs in practice is to know what are the 
possible phases — in other words, to determine the nature of the double 
salts or distinct hydrates that imiy be formed. In the case of saturated 
solutions of non-volatile .solids in a volatile solvent, as vapour of the 
solvent is always present, the solvent occurs in two phases, and therefore 
the condition under which equilibrium — i.r. .saturation — is determined is 
that n — 1 solids exist in contact with the*, liquid. As the presence of 
these solids determines the equilibrium, they may very properly be. spoken 
of as cq nil ib valors^ and this term may be used as the equivalent of the 
somewhat incxpre.ssive German phrase ‘ Baden kurper.^ 

The cases to be considered are the following : — 

Case T. — So/ n firms satnvaled vnth a siiuj/e salt. 

In these two constituents (salt and wat('r) are present in three phases — 
the gjiseous phase, one liquid phase, and one .solid phase— and as a rule 
only one solid etiuilibrator can act at a time ; but as not only tin* anhydrou.s 
substance, but also its various liydrate.s, may equally serve as equilibrators 
when hydrates are formed, two equilibrators — (uther the anhydrous sub- 
stance and its hydrate, or two of its hydrates if there be more than one 
possibhj may act simultaneously at some particular pressure and tem- 
perature, usually called the trnnslfion point. Obviously this complication 
aris<*s from a variation in the behaviour of the .substance relatively to the 
solvent as the external conditions are inoditied. As hydrates only differ 
in the number of solvent molecules they contain, they are to be regarded 
as but oiu*, substance, the molecuh‘S of the solvent attached to them being 
left out of account. In any case, the prestmeo in the solid state* as equi- 
librator of the jiarticular compound or compounds with which the solution 
is to be .saturated is always the essential factor. 

To give an example : in the case of Sodium sulphate, the monohydrate 
and dec ahydrate coexist in e<|uilibrium with the solution at under 

the corr(*sponding v.apour pre.ssure ; but it follows from the above that at 
any other temperatun* only one at a time of the hydrates can be in 
equilibrium with the .solution, inasmuch as a single substance cannot, as 
a rule, give rise to a .solution saturated with reference to tw’o such equili- 
brator.s, the exi.stence of tw'O such compounds, except at the transition 
point, being only possible in presence of a .second salt : this .serving, in fact, 
to condition the change in hydration. 

Case 11 . — Solutions snturated with two salts which possess similar Itasic 
or acid radicles^ c.r/., NaCl, KCl. 

’ It. muht, however, be noted that if there be either n or fewer phases ja'Cscnt, 
C(|uilibniim is possible under every .set of conditions compatible with the existence 
of the ])hascs considered. For example, in the east* of an unsatuvated solution of 
Sodium chloiide in presence of its vapour, no solid phase being i)re.scnt, the vapour 
pressure of the solution at each temperature is ditTerent at ilitVcreiit concentrations : 
and therefore a solution and its vapour may be in equilibrium at any pressure within 
tlie possible limits at each particular temperature. 
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In these three constituents are present in four phases, and two solid 
equilibrators are necessary, e.y., NaCl and KCl. But it must be carefully 
borne in mind that when a double salt can bo formed there are two 
possible cases of equilibrium — viz., that in which the double salt and one of 
the single salts and that in which the double salt and the other single 
salt are in contact vrith the liquid. 

Similai*]y, when one of the salts gives rise to two or more hydrates, 
there are several possible cases of equilibrium, though in this case also the 
presence of but two equilibrators at a time is possible, as a rule. More- 
over, two hydrates of the same substance may *act simultaneously as 
equilibrators, even under conditions other than those obtaining at the 
transition points, as another substance is present. A case of this kind is 
afforded by the formation of solutions saturated with the two hydrates of 
Ml , 1 sulphate in presence of Magnesium chloride. 

Case 111 . — Solutions saturated with two saltSy whose basic, and acidic 
radicles are different and which therefore can interact. 

Magnesium sulphate and Potassium chloride may be quoted in illus- 
tration of this case. In solution these interact in the manncir expressed 
by the equation 

KoOl^ + MgSOi KoSOj-f MgCl„ 

one or other couple being stable, according to the conditions ; sucli pairs 
of salts are therefore conveniently spoken of as reciprocal salt pairs, 

A solution of two such salts may be supposed to consist of four sub- 
stances — ^the solvent and three of tlie four possible salts —in live })hases 
and not of live substances in six ]diases as the rub' would seem to n'cpiirc. 
The fourth salt being always obtainable from the other three, from the 
standpoint of the phase rule the four salts are derivable from only thr(‘e 
substances : thus the stable pair at a certain temperature being, lot us 
say, K 2 f^l 2 4 *MgS 04 , these will exist together with cither KoSOj or JVIgCl.^, 
but not with both, as the two cannot be together without interacting to 
form the stable pair. 

Although in the case of a reciprocal salt pair only three et|uilibi'ators 
are essential to secure saturation, and this is the maximum number that 
can act simultaneously, except at a transition point, the numbcT of com- 
binations of three which are possible may be considerable. In the easc^ of 
KCl and IMgSOj, which can give rise not only to K.^SOj and Mg(-1„ but 
also to various double salts and hydrates, (ixporience indicates tlial. (at 
temperatures about 20 °) in all seven substances may bo formed —viz., 
KCl, K.SO 4 , MgCl.,. 6 HoO, MgSO^.Tir.O, MgS(),.GH.O, Schonite 
(K 2 SO 4 .MgSO 4 . 6 H 2 O) and Carnallite (MgCl.-KChGIl./)). As each of 
these should serve as an eciuilibrator, and the.i e are mathematically thirty- 
five ways of combining three out of seven substances, the problem at first 
seems very complicated. In practice, however, it is fouml that, for example, 
KgSOi and MgS 04 cannot exist togetlier, but always form the double salt 
Schonite ; and that in a similar manner MgCl.^ and KCl give rise to 
Carnallite, so that finally the number of j)ossiblo sets of tlireo cijuilibrators 
is reduced by experiment to five. In the (;ase ()f a mixture of KNO^, 
NaNOjj, KCl, tand NaCl, as neither double salts nor hydrates are formecl, 
the conditions are simplified, and only four sets of three equilibrators can 
be chosen. In practice the determination of the number of forms stable 
under the conditions of experiment often gives rise to considerable difli- 
culty ; and it must not be forgotten that the problem can only be solved 



APPLICATION OF EQUILIBRIUM LAW TO SEPARATION OF CRYSTALS. 265 


experimentally, the phase rule itself giving no assistance in this part of 
the inquiry : in fact, the only purpose it serves is to limit the number 
of the equilibrators. 

Cask IV. — All cases in which other salts are added to a reciprocal 
salt pair resolve themselves into the general case of substances occur- 
ring in x-{~l phases, and therefore requiring rr — 1 equilibrators. The 
number of substances which can act as equililjrators may be very large, 
and of coui’se can only bo ascertained by experiment : when their 
number is determined the various ways of associating them, taken x — 1 
at a time, are readily deduced. Experiment is then again required to 
eliminate those which are incompatible. In special cases a simplifica- 
tion may b(* introduced by taking one or more salts as always present 
among the etjuilihrators. Thus, in the case of sea water, Sodium 
chloride and Calcium sulphate are always taken as two of the equilibrators. 


E.vpn'i montal Mt'thodft. 

The data required in drawing diagrams to roprosenl the composition 
of saturated solutions and the order in which salts are deposited from 
them are arrived at means of determinations of solubility. As a 
knowledge of the character of the substanc(‘s which can exist separately 
is ('.ssential, a preliminary investigation must often bi' carried out to 
determine the conditions under whicdi given double salts or liydrates are 
stable, or the synthesis of such compounds may have to be etlect(*d for 
the (ir.st time. A variety of methods are* made* use of in this ])art of the^ 
iiKjuii-y, the <lete*rmination of vedume-change by means of the dilatonnder, 
and of vaj)Our-])i’(*ssure by means f>f the tensimeter, being of special 
importance in establishing transition ])oints. 

The precautions to bej f»bse*rved in determining sedubilitics ai'O often 
insulliciently ai)preciate>el. The exact method followed in van't Hofl’s 
laboratf)ry may theref(M<* be* described. 

The determinations have bitbei’te> be*en made at 25°, this temperature 
being both easy to rc'ach in the laborate)ry and to maintain cemstant, 
whilst probably not so very far removed from that which may liave 
pnu’aileel at the time the* Stassfurt deposits were laiil down. 

A large* w{it(*r-l)ath is used as tlu*nno-regulator, its temperature being 
ke])t constant by means of a moditie'd Ostwalel Calcium chloride ri^gulator, 
whilst for smalh'r baths a regulator on the same principle iille'el with 
tolue*ne is usexl. It is es.seiitial to use w(*igh(*(l epiantities of everything, 
so that the* a]>pro\iniate comjK)sition of the solution may bo ascertaineil 
by calculation at any moment. 

The de^.terminations are made in .a large test tube, about S cm. 
broad ami ‘lO cm. long, immersed as deejdy as possible in the bath. 
Tlie oontenits are ke*pt in violent agitation by means of a screw shaped 
glass stirrer passing though a ]>iece of glass tubing in.serted in the 
tightly lit ting stopper of the tost tube : this stirr(*i* is actuated b}’ a small 
motor. If the tube be s('lected .so that tbo rod of the stirrer just tits it, 
and a litfh* grease be inscrtt*d, no loss of water by evaporation is to be 
feared. 

Tlie solubility determinations are carried out by stirring weighed 
quantities of the substances with a known quantity of water, an excess of 
solid being always used. When approximately saturated, the solution is 
characterisediin some way, o.g,, by ascertaining its density. In determining 
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the solubility of mixtures, each of the equilibrators is then added 
and the liquid stirred during twenty-four hours, Avlienthe density is again 
determined. To ascertain whether the necessary eijuilibrators are all 
present some of the solid is microscopically examined ; and to leave no 
room for doubt a few c.c. of the solution are left in contact with a clear 
crystal of each equilibrator in a test tube at 25° during twenty-four hours 
to see if this remain unaltered. The solution having been analysed is 
then again stirred during a further period, more of each equilibrator being 
added, and the tests and analyses are repeated ; if the results agree, the 
solution is regarded as saturated. For minor details, often of consider- 
able importance, the original publications must be consulted. The best 
test of saturation is to maintain the solution in contact with a sharply 
defined crystal of an eciuilibrator : should this remain unaltered, tho 
solution is in equilibrium with it. It may seem that the precautions 
described are exaggerated, but experience shows that this is not the case, 
a curious lag in the formation of a compound being often met with which 
prevents the attainment of equilibrium — indeed, this is one of the chief 
difficulties in such inquiries. 


The Graphic Expression of the Eesn/ts, 

Case I. — As a typical simple case, solution containing the chlorides 
of Sodium and Potassium may l)e taken ; these salts neither give rise to 
double salts, nor are they capable of existing in various hydrate forms. 
On evaporating at a constant temperature a solution containing, say, 
equal molecular quantities of the two chlorides, the solution will first 
become saturated with the less soluble- viz., KCl — and this will separate 
as the solution becomes concentrated. Subse(iuently the solution 
becomes saturated with Sodium chloride as w(dl as with Potassium 
chloride ; from this point onwards, two solid equilibrators being present, 
further concentration will cause the separation of both salts in constant 
proportions and the solution will gradually evaporate without altering in 
composition. To construct the diagram, therefore, three determinations 
are necessary — viz., the composition of the solutions saturat(‘d with 
(a) NaCl, (6) KCl, (c) both NaCl and KCl. 

It is convenient to express the solubility as the proportion which the 
number of molecules of dissolved salt bears to 1000 molecules of w'ater. 

If the solubilities of the pure substances ani plotted on rectangular 
co-ordinates, that of the one as influenced by the other will be represented 
by a point inside the rectangle. In the following diagram the line AC 
represents the change in the amount of Sodium chloride in the saturated 
solution as the amount of Potassium chloride increases, wliilst no gives 
the change in the amount of Potassium chloride in tlu' saturated solution 
as the amount of Sodium chloride increases. This diagram therefore 
expresses the composition of all possible solutions containing both Sodium 
and Potassium chlorides at 25° ; obviously : 

(1) All solutions falling on the line Acn are saturated with the one 
or the other salt, and with both at the point c, whilst (2) unsaturated 
solutions are represented by the region in.side the figure oacb and 
(3) supersaturated solutions by the region outside acr. 

It is important to bear in mind that, as the diagram shows, on pro- 
ceeding from the origin o towards any point on the line acb, the 
polution remains upsaturated until that Jipe is reached. At points 
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between b and c Potassium chloride alone separates ; at points between 
A and c Sodium chloride alone. The point c is that at which alone the 
two salts mutually saturate the solution, and at which, on further evapo- 
ration, they separate together in constant proportions. 

Cask II. — Whereas in the above case the two salts were considered 
to be incapable of acting on each cither, in general the formation of a 
double salt is possible. It is to be borne in mind, however, that the 
double salt is not to be regarded as a distinct substance, and an addi- 
tional equilibrator is therefore not required. As an example, KCl and 
MgClg.OHyO may be taken, which give rise to Carnallite, a doulile salt of 
great importance in natural deposits. In such a case a stable system is 
formed when only the one or the other of the two simple salts coexists with 
the double salt, except at the transition point ; at all other points, when 
either is present in excess, it acts on the other, forming a fresh quantity 

Fio. 1. 



Molecules K d 

of double salt. The four determinations of solubility to be made in the 
cas(! in qu«\stion are (1) that of KCl, (2) that of ]\rgCl.,.6H..O, (.‘1) that of 
Carnallite and KCl, (1) that of Carnallite and MgClo.Gl [.,(). 

On plotting the values as before, the diagram on jiage 268 is obtained 
(tig. 2). In this the line ab represents the manner in which the 
amount of Potassium chloride present in tlie saturated solution changes 
as the amount of IMagnesium chloride is increased. At the point b the 
solution is saturated with Potassium chloride and Carnallite. In the 
region OBC Potassium chlorido is no longer present as such, but only as 
Carnallite, and the slope bc represents the gradual depletion of the solu- 
tions saturated with Carnallite iis the amount of Magnesium chloride 
in solution increases. At the point c the solution is saturated with 
Carnallite and Alagin -sium chloride, the line no showing the decrease in 
the amount of Magnesium chloride in the saturated solution as the amount 
of Potassium chloride present increases, Only Magnesium chloride apd 
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Carnallite are present in the region ODC. Tlie difference between the 
regions OBC and one consists in the fact that in the former Carnallite, 
and ill the latter Magiiesitiin cliloride, predominates, one or other of these 
salts, as the case may be, separating wh(»n the solution is concentrated. In 
both cases the composition of the solution tends towards that represented 
by the point c. When this point is reached Magnesium chloride and 
Carnallite are deposited together in constant proportions, the solution 
evaporating to dryness without further change of composition. It will 
lienee be obvious that the point c is one of critical im[)ortance, as delining 
the conditions under which the iinal crystallisation takes place. It is 
termed by Clcnnan \vork(»rs the ^ J{rysfuf/,Lsafiotis Endpu.nkt t\n}. ter- 
minus of crystallisation. Tin', determination of such points is the object 
in view in discussing a problem such as that afforded by the Stassi’urt 
deposits. 

It is, however, necessary to make one more stipulation in order to 
render the previous statements universally true — viz., that the regular 
sccjuence of crystallisation may not be followed unless the product which 
separates is jieriodically removed from contact with the solution. If this 
be not done, secondary action may take place, and the product at lirst 
formed may la*, eaten up again by the solution. For example, if after 
reaching the point n the deposited Potassium chhnide be not removed, 
on further concentration, as tw(» equilibrators are pre.sent, the .solution will 
evaporate without changing its composition ; but as a large excess of 
ALagnesiiun chloride is pr(‘sent, and this gradually comes into operation 
as water is removed, Potassium chloride will be continually re-dissolved 
(4*2*r) mols. KijCly per 100 mols. Carnallite deposited). As soon as all 
solid Potassium chloride is removed, the deposition of Carnallite causes 
the composition of the solution to change until the. ‘end-point' c is 
reacli(!d. In interpreting such diagrams, therefore, it is to be assumed 
tliat the products deposited are removed from solution at the proper 
moment. It may be suppojsed that this often takes jdace in nature through 
the dep«)sitiou of a ])rotecting layer of mnd. 

C\sK 111. Rrrijn'ocul salt pairs. As an example maybe tak(*n the 
reciprocal salt pair which is of greatest importance in the investigation of 
sea water — /.c., that represented by tlie equation 

gCl j ^ Ix.^Clj -f- !Mgfc)0 j. 

These salts give rise to two double salts, and at least two hydrates of 
.MgSO, have to be considered ; therefore it is necessary to determine the 
composition of the saturated solutions of the stable c<»mbiiuitions of seven 
substances, taken 

(<() Hiiigly, 

((}) In pairs, 

(r) Three at a lime. 

The table on pagt* 270 shows the composition of the various .solu- 
tions fulfilling the conditions of equilibrium. 

Considering the table in detail, in the case of solutions saturated 
with a single salt it is only necessary to jioint out that the Potassium 
ijhloride is expressed in double molecuh*s, as a system of ecpii valent nota- 
tion must be used. The meaning of the figures appended to the solutions 
saturated with two salts is in most cases at onc(^ apparent, but the solution 
H requires a few words of explanation, as the ecjuilibrators in this case 
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are not the only necessary constituents. The simultaneous existence of 
the two hydrates of Magnesium sulphate, as already pointed out, is only 
possible when the solution contains, in addition, a certain proportion of 
Magnesium chloride— viz., 73 molecules, the determination of which is the 
outcome of tentative trials. 


Molecules Total 


At 25° 1000 molecules K,0 dissolve 

Kxn, 

K.SO, 

-MgSO, 

MgCl, 

no. of 
molH. 

1. Solutions saturated with a single salt : 

A. KCl 

44 


■ 

_ 

' 

41 

B. K,SO, 


! 12 


— 

12 

C. MgSO,.7lT..O 

z 

— 

58 


58 

D. MgCl.,. 6 H,b 

- - 

— 

— 

108 

108 

2 . Solutions batnrated with two salts : 

E. KCl, K.S(), 

F. K.S(b,k.Mg(SOj,(in..O . 


' n 

_ 


45J 

— 

1 ](> 

22 


58 

G. KiMgCSOJ., GH,0, Mg80,.7H..0 . 



i 14 

1 :i 8 


52 

H. M. ^0, 711 n, MgSO, (JH .0 . ' . 

— 


' 15 

75 

88 

J. M «■'•().• H‘'». MgCbGiL.O . 

— 

' — 

U 

101 , 

118 

K. MgCl,. 6 H,b, Mu , C.l 1 O . 

1 

— 

- 

105 ’ 

106 , 

L MgKCl3.6H,0. KCl . ‘ . 


— 

— 

7*>i ■ 
• “2 

78 

. J}. Solutions saturated with three salts : 

1 M. KCl, K 2 SO 4 , KoMg(80J,GH/) . 

25 


] 

11 

! 1 

21 

57 ' 

K. KCl, K..Mg(Sb4)..6HoO,‘MgS(),.7H..0 . 

1 r. KCl, MgSO|.7H..b, liIgSO, 6 H ..0 . 

Q. KCl, MgSO^.OtbO, MgKC M , «ff .() 

9 

— 

16 ! 

1 55 

SO ' 

8 


15 

62 

85 ; 

'li 


15’ 

70 

88 1 

K. MgdO^ 6 H 0 C, MgKCb.(iII .0, 
MgOJ., 6 H..O . . ■ . 

2 



12 

JIO ' 

115 : 


Turning to solutions saturated in presence of tlirec' equilibiators, a 
difficulty arises in expressing the composition of the solution, as chemical 
analysis only gives a measure of the amount of the various radicles pre- 
sent, and affords no information whatever as to the nature of the salts 
present and their relative amounts — apart from hypothesis nothing is 
known as to the state in whicli salts exist in solution. As in practice the 
solution is saturated in presence of three known salts, its constiturion is 
most rationally represented by expressing the analytical results as inucli as 
possible in terms of these. However, bearing in mind the e(|uation for a 
reciprocal salt pair, and the fact that the constitution of a solution is 
expressed in molecular proportions, a little consideration shows tliat it is 
of minor importance how the composition of the solution is expressed, 
the important fact being that, when saturated in presence of three known 
substances, it has a definite chemical composition. The tabltj printed 
above shows the com position of the sixteen saturated solutions wliich 
can be made by using one or more of the equilibrators derival >!(» from the 
reciprocal salt pair. Geometrically, there are many possible ways of 
gr;i|»liii*illy representing such a set of results— that chosen by van’t Jloff’ 
practically involves plotting the four salts on axes at riglit angles to each 
other in such a manner that reciprocal salts are measured in opposite direc- 
tions on the same axis. In such a diagram (fig. 3) the solutions saturated 
with a single salt are represented by points on the axes, all other saturated 
solutions giving points between the axes. Thus, the points A, n, (i, and 
p fall on the four axes, whilst a point e representing the solution saturated 
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ill presence of KCl and K/SO* is plotted 42 units along the K 2 OI 2 
axis (to the right) and 1 ‘5 unit along the K^S 04 axis (downwards). 

Turning to the point M (100011p + 25K_jCl2 + llMgSO,4- 21MgCl2), 
and similar points representing solutions saturated in presence of three 
equilibrators, and bearing in mind the fact that the composition of the 

Kio. ;j. 

vt ('o-nriliiiKtcs 



« >\' a\I*« OV si\i'» Vorticjil .'ixH 



pairs on axes at right angles in a plane, and tlie total number of molecules 
in solution on a third axis vertically upwards from this plane. The sur- 
faces passing through points in space thus obtained represent areas within 
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■which the solutions are saturated with a given substance. By joining the 
points in the horizontal plane, areas are obtained wliich represent in 
plan the surfaces in space just referred to. 

To plot the horizontal plan some thought is necessary, as there are 
three salts to be represented on two axes and therefore one. of the salts 
must be eliminated. In tlie jase under consideration, in which Magnesium 
chloride and Potassium sulphate are the reciprocal salts on tlie one axis, U) 
plot Magnesium chloride, l*ota.ssium sulphate must bo eliminated. This 
is already done in the ease in <iuestion in calculating out the results given in 
the table on p. 270 ; therefore it suitices to measure off twenty-one JNlgCM. 
units upwards from the origin. As Potassium chloride and Magnesium 
sulphate are the reciprocal salts represe.nted on the second axis, to plot 
Potassium chloride, ^ragnesium sulphate must be eliminatOAl, or vice certid. 
To do this, it is only necessary to bear in mind that 

1 lMgS 04 + 21MgCl, 

=2oK^+(ll+21)Mg + llSO,+(2r)-f21)Cl^^ 

winch, as.suining the 80^ to be present wholly as K.SOj, in order to elimi- 
nate MgSOi, gives 

1 1 K 80, -f I J K,C1 ,-i- n2MgCl^. 

Therefore fourteen units of Potassium chloride are measured oil on the 
K^Clg axis from the origin. Jn j)racticc the straightforward geometric 
method needs only to be followed, and the number of luolocules of the 
one salt, less the number of molecules of its reciprocal, may be nu'asurod 
off on the one axis, the value deduced from the <■ •rr'*.‘ipnndNiir pair being 
measured off on the oth(*r. Tlie live points -M, n, p, and u, when so 
plotted, fall inside the framework, and to complete the diagram are joined 
to one another, or to the appropriate points on the framework-- Lr., to those 
representing solutions saturatvd in presence of two of the three e(|uilihra- 
tors present at the particular point inside the diagram. Thus the point 
M, representing a solution saturated in presence of KCl, K SO., and 
8 chonite, is joined to the points K, representing a solution .salurati'd in 
presence of KCl and K 28 O,, and f, representing a solution saturated in 
presence of K^SO, and 8 chouite, but not to either (; or l, as tluiso repr(*.sent 
solutions saturated in presence of only one of the tliree equilihrators. The 
lines divide the diagram into areas or fields, each field represt‘nting a 
solution saturated witii but one salt in presence of varying (juan titles of 
other salts. 

To complete the graphic representation, ordinates ani erected at each 
point of equilibrium representing the total number of molecuhjs in solu- 
tion. The surfaces touching the extremities of these ordinates r(‘present 
the various saturated fields. 

To complete the model it is necessary to join the origin, 0 , by tr iangular 
surfaces to each of tlie marginal points, a— l ; the hollow surface* so 
formed is the true base of the model. Fig. 4 is reproduced from a photo- 
gr-iphof a rough cardboard model so constructed. Tlie modt'l is sujiported 
in its true position <»n tlic plane diagram by cardboard sheets wliicli 
represent the vertical co-ordinates at all points on the outer edges of the 
diagram. 

In interpreting the model it is to be noted that points within the 
solid represent the compositions of all possilile solutions. Points within 
the fields on the upper surfaces represent solutions saturated with one, 
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whilst points lying oii edges other thaii those at the mai'gin represent 
solutions saturated with two, and the angular points solutions saturated 
with three equilibrators. On account, however, of the number of marginal 
points to each field — in no case fewer than four — the upper surfaces 

Fig. 4. 



Model of Solutions derived from the Reciptoeal Salt l air .MgClj + K^SO*. 

cannot be represented by single planes, and the information at present 
available is not sufficient to determine their character ; they are therefore 
not introduced into the model. ^ 

* To construct the model, the lengths of the edges terminating at o are calcu 
lated from the co-ordinates of the marginal angular points — each length being 
^ y - A- where .r, ?/, and z are the co-ordinates of the points considered — whilst 
the lengtlis of the other edges arc best found by graphical construction. The 
triangles forming the hollow base aio then drawn and cut (^nt, in one piece from 
a sheet of stilf cardboard which is then bent round and fastened in position by a 
strip of tough paper gummed along the edge. The edges of the upper surfaces are 

1901. X 
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In working backwards it must be borne in mind that a diagratn such 
as lig. 3 is not alone sufficient to give complete information about a 
reciprocal salt pair. Only two of the three values required can be deduced 
from it ; to obtain the third, either the model must bo used, or a table 
showing the composition of the various saturated solutions, such as that 
on page 270, must be referred to. 

Thus, assuming the composition of a solution to be that represented at 
M in dl.igrain. fig. 3, it is obvious that the ‘ plane ^ co-ordinate values are 
21MgCl2 -h 1 4 K. 2 CI 2 . On reference to the model or table it is seen, however, 
that solution m contains, when saturated, 57 molecules of dissolved 
salt ; therefore the number of other molecules present is 57— (21 + 14)= 22. 
But it is to be remembered that these consist of two reciprocal salts, and 
that in constructing the diagram one member of the pair was equated 
against the other, so that only half the 22 molecules in solution are to be 
regarded as present as sulphate — in this case MgS 04 — and the remaining 
11 molecules are consul eied to be molecules of K 0 CI 2 , and are added to 
the number of molecules read off from the diagram. The constitution of 
the solution at M is therefore : 

21MgCl, + (14 + ll)K 2 Cl>-fllMgS 04 . 

Before passing to the consideration of the diagram thus constructed, it 
is necessary to realise that the points of equilibrium situated 011 the 
margin are not all of the same order of stability. In cases in which 
double salts are formed, the deposition of the double salt nec(*ssarily 
follows, but never attends, that of the less soluble constituent. That this 
should be the case is obvious when it is borne in mind that, as water is 
removed, the more soluble constituent — the action of which is more or less 
impeded by the water- -is able to combine with the less soluble to form a 
further ejuantity of double salt. The same argument applies to hydrates : 
as water is removed from the solution the otlier salts present gradually 
assert a dehydrating effect. 

The points r, 11, l on the diagram are cases of this kind, and therefore 
they are united by dotted instead of by full lines to the appropriate points 
within the diagram. In indicating the direction in which crystallisation 
proceeds arrows are therefore drawn through, and not towards, these points. 

To illustrate the way in which the diagram is read several cases may 
be taken. 

At B the solution contains only Potassium sulphate. At a point on 
B E a little to the right of b there is a small amount of chloride present : on 
evaporating such a solution change proceeds along the line b h. Potassium 
sulphate alone separating until the point E is reached, when Potas.sium 
chloride will also be deposited. The solution will then dry up without 
I hi’. giver it*: composition. 

*i: \} , starting from a point x a little to the right of B, but a little 
above b e and within the Potassium sulphate field, the track followed will 
be along a line B x produced, until e m is reached, which then bccomefl 
the track. 

It may not be superfluous to add that the track followed from any 
point X within the diagram is always along a lino drawn thi’ough x from 
the point at which the field is saturated with its characteristic salt. 

represented by narrow strips of cardboard of the rp(|iiired length ; and the vertical 
ordinates of the angular points M to R are represented by strips of cardboard fixed 
to the base of the model 
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Oil the other hand — anti the case is somewhat more complicated — at a 
point on n p, a little to the left of b, the solution contains a small amount 
of Magnesium sulphate, tlie reciprocal of the Potassium chloride con- 
sidered in the previous case. On evaporating such a solution, change 
proceeds along the line b f, K2SO4 separating as before until the point p 
is reached. The character of the sul)sequent change will be determined 
by the presence or absence of Potassium sulphate : if it be removed, 
crystallisation proceeds along f a ; but if it be left in contact with the 
solution Schonite is continually deposited, the composition of the liquid 
remaining unchanged until the whole of the Potassium sulphate originally 
deposited is redissolved by the excess of the Magnesium sulphate in the 
solution, (^nly then will crystallisation proceed along f g, and when a is 
reached the liquid will dry up without further change in composition. 

Starting within the diagram, again in tlie KgSOi held — say from a 
point Y, a little to the left of n and a little above b f — the track followed 
will be along the line B Y produced until p m is reached at a point />//. If 
the Potassium sulphate be then removed, the Schonite field is entered. 
To determiiK; the course folhjwed across this, it is to bo noted that the 
point at which Schonite aloTie is present in a saturated solution must be 
taken as the origin. To df^duce this we have to bear in mind that the 
line (5P rciprcsents the manner in which the solubility of Schonite varies 
as the proportions of Magnesium and Potassium sulphates vary ; there- 
fore the theoretical solubility of Schonite alone — ie., when there is no 
excess of either of the single salts present — is at a point f' on o F produced 
eejuidistant from the two axes on which the separate salts are plotted — 
i.f\, on tlio line Ifisecting the angle boo. 

The track followed across the Schonite field will therefore be in the 
direction f'/wi produced. When m n is reached Potassium chloride will 
separate. It will be obvious that to reach the MgSOj.TH.jl^ li^dd it would 
be necessary to have but little chloride present. 

Beyond x *Schonite gives way to Magnesium sulphate heptahydrate, 
which is deposited togcth(*r with Polassium chloride until P is n'ached. 
Prom p, after removal of the hep tahy< Irate, change would j)rocee(l through 
Q to u. It is obvious that it would not occur along P 11, as continued 
conctmtraiion would involve the conversion of the heptahydrate into 
hexahydrat(*, and would th(*r(‘fore im'rcly condition a lag in the crystal- 
lisation, sup] losing thii hept ah \d rate were not removed. In like manner 
change would not proceed along Q l, as concentration wouhl involve a 
gradual conversion of uuremoved Potassium chloride into Carnallite. At 
R the solution would dry U]) unchanged in composition. 

As a jiroof of the correctness of this method of interpreting the 
diagram, the results may be <iuoted which were obtained by ^•an’t llotT on 
concentrating a solution of equal molecular quantities of Potassium 
sulphate and Magnesium chloride, Ill'll gm. K^SOi -|-2*23‘4 gm MgCl2 
6H2O. The use of such a solution is equivalent to starting in the plane 
diagram from the origin, as tlie geometric con volition followed involves one 
of the salts lieing represented as a negative quantity of its reciprocal. 
As tli(5 origin li(*s within the Iv,SO| field, the diagram shows that K2SO4 
will be the first salt to separate, and tliat concentration will jiroceed along 
the Magnesium chloride axis until the Sclumito boundary is reached ; the 
separation of Schonite will then set in. Provided the Potassium sulphate 
be not removed, the course of change will now bo along f m to M ; when 
this is reached the deposition of Potassium chloride begins. 

T 2 
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In the actual expcHment the solution was slowly evapdr'ated at 25^, 
The deposit was frequently examined with the microscope. At lirst only 
Potassium sulphate crystallised out, but subsequently this was mixed with 
Schonite. As soon as the separation of Potassium chloride was observed 
to take place the deposited salts were removed and analysed. The 
amounts found were ; — 

25 gms. K 2 SO 4 
120 gms. K 2 Mg(S 0 ,) 2 - 6 H 20 . 

The amount of the two salts that should be deposited from such a solu- 
tion may be calculated as follows : — 

At the origin the solution has the composition 

K^SO. + MgCl^ + aH^O, 

from which is deposited 

-f2/-K2Mg(S04)2.6H,0, 

whilst 10 parts of solution of the composition represented at M remain 
t6'(1000H20 + 25 K 2 CL, + 21MgCl2 + 1 IMgSO^). 

Thus 

KoSO^ + MgCl2-haH.>0=r.^*K,SO,-fyK Mg(SO,). .GH./) 

-f w{ 1 OOOH 2 O + 25 K 2 CI 2 -f 2 1 MgCl , +1 1 MgSO ,). 


Collecting and equating the coeilicieuts of the vaiious radicles, thd 
values of y, and w are determined. 


Thus 


CI 2 l:=(25-f 21)^(; 

Mg l=2/-f (21 + 11)?^ 

T 32 

1 =7/ 

4G ^ 

K 2 l—iT + y + 25?r> 

1 7 25 

^ 23 40“*'' 


. 1 
'40’ 


^=23- 


4G 


The K. 2 S^i deposited is thus of the molecule, i,e., * x 174-3 

40 4() 

s=2G*5 gms. ; whilst the Schonite is of the molecule, i.e.^ x 422*8 

=122-G gms., which values agree closely with those found by experiment. 

In following the course of change with the aid of the model, it is 
noticeable that although, as a rule, concentration proceeds along an 
upward sloj^e, this is not invariably the case. Thus, whereas on passing 
from li to F, and from F to a, the slope is upwards, from c to o the slope 
is downwards ; a slight confusion is thereby introduced. It is to be 
expected that as concentration proceeds the proportion of molecules of 
dissolved salt to water molecules should steadily increase ; and as the 
vertical ordinates represent the number of dissolved molecules, it would 
seem that the number of molecules in the saturated solution of M.i-rF.o-ir.m 
sulphate is greater than in the solution saturated with ^la. ■ urn 
sulphate and Schonite. If, however, it be assumed that at c a larger pro- 
portion of the Magnesium sulphate molecules are present in the form 
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of complexes (MgSOj)^, than is the case at r; where the solution is 
saturated with both Magnesium sulphate and Schonite, the discrepancy 
disappears ; and, if tlie necessary correction could be made and the 
vertical ordinate at c lowered accordii? ^ly, the model would afford a more 
uniform indication of the direction of change. 

Obviously the conditions in solution are complex, especially when several 
salts are present ; and the only phase in which the alteration is of the 
same character throughout is that which has hitherto been left unnoticed — 
viz., the vapour phase. As concentration proceeds, and the dissolved salt 
more and more asserts a mastery over the water molecules, the vapour 
pressure necessarily diminishes — saturation with each salt corresponding 
to a particular vapour pressure. From this point of view as the vapour 
pressure at n (22‘2 mm.) and that at c (20*9 mm.) exceeds that at 
fi (20‘1- mm.), there is clear evidence that the proportion of dissolved 
molecules at a exceeds that at c, and that the separation takes place 
towards o from both b and c. A model may be constructed which 
atfbrds a clear representation of the order in which the separations occur 
if the differences between the vapour pressures of the ^'arious saturated 
solutions in presence of their ecjuilibrators and the vapour pressui e of 
w\ater (211*52 mni.l bo taken as vertical ordinates. The model thus con- 
structed brings into prominence the fad that tlie separation of salts from 
solution always occurs along slopes tending in one direction, and may he 
regarded as a corrected form of the model previously considered. 

The character of tliis correcthm is shown in tig. 4 by a thick lino 
drawn round the model at the required height. The highest point in the 
corrected model is of course the end-point R, and tin? new vertical scale 
has therefore been fixed by taking the ordinate of R to n^present the 
maximum vapour pressure difference. The following table gives the 
neccs.snry data : — 
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Case TV. — A orciprocal mil pair + Sodinm chlorkh. It is 
desirable to take this case into account as bearing on the. problem 
of the crystallisation of salts from sea water. In sea water Sodium 
chloride is present in large excess in comparison with the other 
sfilts, and therefore is always in solution with the other salts at every 
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stage in the process of concentration so long as its presence is compatible 
with that of the other salts ; moreover, it continually separates, and in 
the natural deposits always accompanies the other salts. 

In representing the behaviour of solutions containing, in addition to 
Sodium chloride, Magnesium sulphate and Potassium chloride — the salts 
present in the case previously considered — to construct a diagram, as the 



that, as Sodium chloride is always present, it may ho represented in the 
form of a sheet of varying thickness spread over the upper surface of the 
model representing the composition of the various solutions in terms of 
the other salts present ; to construct this sheet the number of molecules 
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of Na^Clg are measured off above this surface on the axis drawn from the 
origin at right angles to the plane of the paper. The shaded area in 
fig. 5 giv(*-s a picture of tlio thickness of the salt sheet above the various 
fields in relation to the number of molecules of other salts present in the 
solutions. 

The data required for the construction of a diagram and model repre- 
senting the behaviour of the solutions under consideration are obtained 
by determining tlie composition of solutions saturated {a) with Sodium 
chloride and one other salt ; (A) with Sodium chloride and two other 
salts ; and {c) with Sodium chloride and three other salts. To ensure 
uniformity, as the results only express the constitution of the solutions in 
terms of the salt radicles, the convention followed consists in i-xpiussing 
the whole of the Sodium as chloride, and if there be not sutlicient 
Chlorine for this purpose the excess is reckoned as sulphate ; the K. 2 , 
Mg, Cl.j, SOj are expressed as K-.d,, MgCl.^, and AlgSO,. The experi- 
mental data which have been accumulated are given in the following table, 
which includes tln^ vapour pressures of the various saturated solutions. 
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In constructing a diagram (fig. 5) and model from thes(‘ data, as 
there is no axis on which Sodium sulphate can be directly represented, 
to expiess the amount of this salt present in the solutions C, F, G, H, R, 
a lino of argument is adopted similar to that made use of in equating 
Magnesium sulphate with Potassium chloride, in the case of the 
reciprocal salt pair previously considered. It is obvious that we mry 
writ(j 

Na,SO,=:MgSO,+Na2CU~MgCl, ; 

in other words, Sodium sulphate can bo e.\pr(*S''cd in terms of three other 
salts. 
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Co-ordinatea \ Vertical Axis 
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Thus, supposing a solution C to contain 12^ molecules of Sodium 
sulphate, to express^ its composition, a point in space is plottcMl by 
measuring off from the origin 12i units along the INfagnesiuni sulphate 
axis and — 12-^- units along the Magnesium chloride axis ; /.c., downward 
and therefore along the Potassium sulphate axis. The point c on the 
diagram is thus obtained. The corresponding point on the model 
is deduced by measuring off 12!,- on the Sodium chloride axis vertically 
upwards and adding 51 on account of the 51 molecules of Sodium 
chloride supposed to be present in the solution as such. 

It will be noticed that Magnesium and Potassium sulphates do not 
appear in the table as single salts which can be u&ed as (’quilibiaTors in 
presence of excess of Sodium chloride, the reason being that new re- 
ciprocal salt pairs are constituted by the presence of the Sodium chloride, 
and interactions take place which destroy these sulphates ; «.//., 

MgSO i + Na2Cl,=Na2SO ^ -f MgCl^. 

TJie remarkable character of the changes brought about by the 
presence of Sodium chloride will at once be obvious on contrasting figs. 3 
and 5. The double salts formed by Magnesium and Potassium sulphates 
with Sodium sulphate occupy the lower portions of the diagram, 
Potassium sulphate disappeanng altogether, and the area of the Mag- 
nesium sulphate field being much restricted. INloreover, the greater pull 
on the water molecules exerted by the soluble Sodium chloride molecules 
brings about the partial dehydration of several of the compounds 
appearing in diagram 3 : causing, for example, the displacement of the 
greater part of the Schdnite field by Leonite, MgK 2 (SO,) 2 . 4 TI., 0 , and of 
the MgSO , . 6 H 2 O field by Kieserite. In addition, a n^w double salt, 
Kainite, MgSO 4 .KCl. 3 H 2 O, appears. 
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The order in which separation occurs is at once given by reference to 
a \ apour pressure diagram constructed, ejj.y by inserting the ‘vapour- 
pressure difference ' at each of the various transition points. 

The Evaporation of Sea Water, 

On concentrating sea water — disregarding Calcium sulphate on account 
of the small quantity ))rcscnt- the first salt to crystallise out is Sodium 
chloride. When deposition of this salt sets in, the solution has the com- 
position : 

1,00011,0 47Na,CTo 103K,Cli T-GCMgCl, 3-57MgSOi, 

Following the rules previously given, it is obvious that the position in 
space of the point /», which roprosonts a solution of ihis composition, will 
be 3*b7 — 1*03 = 2*34 units on the ox axis to the left of the origin, 7*30 
units above the origin on the OY axis, and l*03-l-7’36 + 3-37 = ll*96 
units above the plane. 

As long as only Sodium chloride is deposited, the relative proportions 
of the l^otassium and Magnesium salts remain unchanged, and only the 
amount of these salts pre^'Cnt relatively to tlie water increases. Such a 
change is expressed in a model constructed in the manner i)reviously 
described by motion along a line joining the origin to a, away from o. To 
asccTtain what salt will sc'paiate next, the point a: which this line ulti- 
mately cuts the iipptu* surface (»f the model must be determined. When 
tin’s is established with the aid of the model, it is found to lie in the 
ISIagnesium sulphate (MgS()..71i O) field. Hence it follows that further 
concentration ultimately c*au‘*es the separation of Magnesium sulphate- 
together with v^odium chloride, and the course followed on evaporation 
will he across the Magmesium sul})hate field, away fiom the hypothetical 
point rejmesenting the soluliou saturated only with Alagnesiuin sulphate 
and Sodium chloride. This point must be on the Magnesium sulphate 
axis as well as on the line K.r (repros(*nting the change in composition of 
a solution sat urji ted with Alagnesium sulphate and *^odiuni chloride as the 
amount of Magnesium chloride varies), and will obviously fall at their 
point of intersection, .j'. Supposing the Magnesium sulphate tield to 
liave been cut at a point /?, the path followed on concentrating the solu- 
tion will be along .t'; 1 produced, until the next field is entered. Jn a 
similar infmnor, the suhsc<juent CiUirse is traceable until tin' point w is 
reached. As a matter of fact, sonm uncertainty exists as to the exact 
course of crystallisation, as the investigation of Leonite, Kainite, and 
Ki 'serite is not yet complete. 

The order in which the salts are deposited is probably as follows : — 

(1) NaCl; (2) NaCl and MgS(),.7TT,0 ; (.3) NaCl and Leonite; 
(4) NaCl, Leonite, and KCl, or NaCl and Kainite ; (-3) NaCl, Kioserite, 
and Carnal lit e ; (6) NaCl, Kieserite, Carnallite, MgCl^.G!!,!), the solution 
then diying up without further change. 

Not only does the succession thus indicated agrt'e with that actually 
found experimentally on evaporating sea water at but also very fairly 
with tlie geological succession as observed at Stassfurt. Thus the lowest 
<leposits of rook salt represent stage 1, the overlying Kieserite and 
Kainite beds stages 2, 3, and 4, and the uppermost Carnallitc region 
stages 5 and G. 

J3ut although it is degr froip the general agreement of the r^suHs 
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obtained in the laboratory with the observation made at Stassfurt that 
the temperature at which the beds were deposited was not far removed 
from 25°, it was possibly somewhat higher, as the proportion of Kainite, 
and especially of Kieserite, obtained in the laboratory is somewhat lower 
than that met with in nature. Moreover, whereas at Stassfurt Calcium 
sulphate occurs in the anhydrous form, in the laboratory it has not been 
obtained in this form below 32°. 

The fore^oin" account has been compiled from a series of twenty-three 
papers by van’t Hoff and his pupils, published since the year 1897 in the 
‘ Proceedings of the Berlin Academy of Sciences.* Apart from these and 
the information given by van’t Hoff in his text-books, there are only two 
other papers bearing on the subject — one by van der Heide (‘ Zeit. Phys. 
Chem.* 12 , 116), the other by Lowenherz {ibuL^ 13 , 159). 


Keish Caves, co. Slvjo, — Interim lle})ort of the Committee, eonsistiny of 
Dr. R. F. SciIARFF (Ohf/irman), Mr. R. l.L. Pjraegek {Secretary), 
Mr. G. Coffey, Professor A. (J. Cole, Professor D. J. Cunning- 
ham, i\lr. A. McHenry, ani .Mr. R. J. Usshek, apixjinted in Explore 
Irish Caves, 

The Committee selected for the first operations a series of caves on the 
slopes of Keishcorran Mountain in the county of vSligo. Owing to the 
unsettled state of the weatlnu*, the excavation of the caves could not be 
commenced until the middle of May 1901, though a pndiminary survey 
was made early in April by Dr. Scharff and Mr. Praeger. 

After careful measurements were taken a deep trench was dug across 
the mouth of one of the caves, so as to expose a section of the various 
deposits, which were as follows from above downwards ; — 

1. Black earthy containing bones of domestic animals, charcoal, and 
human implements (similar to those found in Crannoge.>>), with a depth of 
from 6 inches to 1 foot. 

2. Breccia j consisting of limestone Idocks fallen from tlie roof in a 
tufaceous deposit. This appeared as a natural arch in the section \arying 
from 1 foot in the centre to 3 feet at the sides, and contained numerous 
remains of land shells and bones of small mammals. 

3. Brown chiy^ containing larg(i blocks of linu'stone and numerous 
bones of small and a few of large mammals. At a depth of 6 feet from 
the surface a much watcrworn block of limestone was found, indicating 
proximity to the floor of the cave. 

As the excavation in this cave was carried to the interior it became 
unpromising and unsatisfactory owing to the difliculty of removing the 
large masses of limestone. It was therefore decided to abandon if . 
Datum levels having been carefully marked on the sides of the cave, it 
will be possible to resume work and complete the (excavation should the 
results obtained in the other caves render it desirable. 

A second cave was then opened in a similar manner, proceeding from 
the mouth inward, with very satisfactory results so far. b)r. JScharfF, 
Mr. Coffey, and Professor Cole having liad to return to town, Mr. [Tsslier 
was left in charge of the work, and reports that the upper stratum of this 
cave contained much charcoal and bones of domestic animals— broken for 
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the marrow — and a red deer’s antler. With these were associated a stone 
celt, bronze pins, and portion of an iron saw of ancient pattern. Beneath 
the above another stratum, consisting of cave-earth, was found, in which 
were various remains of hear and deer, besides human teeth and charcoal. 

The Committee therefore feel justified in continuing the excavations, 
and task for reappointment. The collections have been deposited in the 
Dublin Museum, and are at present being worked out by the staff. 


Erratic Blurl'S of ilts Tlrlf hh Idea. — Eejiorl of the Committee^ condsiinfj 
of Mr. J. K. Mark (Chairman)^ JMr. V. Y. Kendall (Secre-- 
tary), Professor T. G. Bonni:y, Mr. C. K. De Banoe, Professor 
W. J. 80LLAS, Mr. R. H. Tiddeman, Rev. S. N. Harrison, 
Mr. J. Horne, Mr. Y. M. Burton, Mr. J. Lomas, Mr. A. R. 
Dwerryiiouse, Mr. J. W. Stather, mid IMr. W. T. Tucker, 
appointed to Inrediyide iJt,e Erratic Blor]:s of the British Isles^ and 
to fahe 'measures for their preserration, {Brairn up by the Secre- 
ia.ry.) 

The major proportion of the records for inclusion in this report relates to 
Yorkshire, wlicre an active organisation exists with working meiid)crs in 
all parts of the county, but especially in the East Riding, where the 
members of the Hull Ceological Society are doing admirable systematic 
work. Tn furtlierance of the objects of the Yorksliire Boulder Committee 
an excursion to the Lake District was arranged hy the Yorkshire Geo- 
logical and Polytechnic Society. The area chosen for study 'was the country 
round Keswick, which is so rich in rocks of }>ronounced petrological 
characters which might be expected to have travelled over into Yorkshire. 
The iniluence of this excursion is at once to be S(‘en in the records of 
erratics which have already been recognised. The peculiar rocks of 
Eycott Hill and Carrock Fell have been found at Dimlington, and a well 
characterised volcanic breccia occurring as boukh'rs on Dunmail Raise has 
been found at Hornsea, along with a specimen of the well known Arm- 
both Dyke. 

A striated surface' discovered on the southern slope of Skiddaw 
has been reported to the Committee as the only conv(‘nient method of 
recording an isolated but valuable observation. 

Th(^ reports from the coast tract of Yorkshire continue to yield new 
stations for the very characteristic Norwegian Rhomb-porphyries and 
Ehrolite-syenites. The visit paid by the geologists of Yorkshire to the 
Cheviots and some of its results were commented upon in the last report 
of this Committee. Two facts stand out in the present .s(‘rie.s of records, 
in the light of a more intimate acquaintance with the Cheviot, rocks. While 
we find that many observers note the great pn'ponderance of Cheviot por- 
phyrites over every other type of far-travelled .stones, no examph* of the 
Ch(*vi(jt granite has ever been identified in Yorkshire. The Secretary 
has long been impressed with the singularity of this absence of evi- 
dence, and after examining the rock in sifn has made careful search for 
it at Filey, Bridlington, Whitby, and other places, where the porphyrites 
abound. No clearly identifiable specimen could be found. A collection 
was mad(‘ of granitic pebbles from the shore at Whitby in order to get a 
sufficient series to ba.se an opinion upon. Seventy of these stones have 
been sliced, ainl the results of a preliminary examination are not 
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encouraging to the hope that any positive identification of the Cheviot 
granite can be made. The results of a fuller examination ^vill be presented 
in the next report of the Committee. IVleantime it may be remarked 
that the striking disproportion which must exist between the boulders of 
the Cheviot granite and those of the porpliy rites will perhaps find an 
explanation in the conditions which prevailed in the Cheviots themselves 
during the time when the distribution of the erratics was in progress. 

Mr. Stather’s numerous records of greywackes of a similar type in 
various parts of Yorkshire and on the lower slopes of the Cheviots sug- 
gests the probability of their derivation from the basin of the Tweed. 
Two very remarkable discoveries are reported by Mr. Fearnside. The 
gravels of the Yorkshire Calder have long been noted for remarkable 
uniformity in the character of the included stones ; besides local rocks 
there had been found nothing but well defined types of Lake Dis- 
trict rocks, andesites, agglomerates, and the granitic rocks of the 
Butterraere and Eskdale types, all such as might have come by way of 
Lancashire from the western side of the Lake District, and perhaps one 
or two examples of the Galloway granites. Mr. Fearnside now adds the 
Norwegian Rhomb-porphyry, Brockram, brown flints, and Shap granite, 
discordant elements difficult to reconcile with the very consistent series 
previously known. Mr. H. H. Corbett, of Doncaster, points out a singular 
fact : the three boulders of Shap granite found respectively at Royston, 
Ad wick, and Balby have a vein of felspar running through each of them. 

The boulders recorded by Mr. Lomas from New INlills, Derbyshire, 
are of the type usual on that .side of the Pennine Chain, but tlie occur- 
rence of Triassic pebbles is of great interest, as the altitude, 930 feet, is 
several hundreds of feet above that of any Ti iassic rock in .situ, in the 
region. 

The boulders of nodular dolerite recorded from the Ayrshire coast 
precisely resemble those which are found in considerable numbers in 
Western Lancashire and Cheshire, especially in the Wirral. A single 
example has been found from the north of Ireland. These rocks have 
long been regarded as of Scottish derivation, and their great abundance 
on the coast of Ayrshire seems to favour the supposition. It is to bfi 
hoped that some geologist may be found in Glasgow who can identify the 
rock and state its source. 

The Secretary lias provided the Lincolnshire Boulder Committee with 
a series of rock specimens from Norway and the Cheviots to servo as 
types for the determination of the source of erratics, and lie has still 
remaining a large number of duplicate specimens of not (‘worthy Nor- 
wegian rock /Rlani'b j O' I h . : Elneolite- syenites, ttc.), rock.s from the. 

Cheviots, the south of {Scotland, and from the Lake District, which he 
is prepared to distribute to local museums or to individuals wilting to aid 
in the work of this Committee. 

Cumberland. 

JR f ported by Mr. John Carlton (lInU Geolofjical Society) 
per Yorkshire Boulder Committee, 

Skiddaw , — On left of pathway to top of Skiddaw, about 30 yards 
above second hut, 1,450 feet above Keswick, glacial stria) were observed 
on solid slate from Y^bich tjie turf had been recently removed. Direc*- 
tipn W,8.W. 
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Derbyshire. 

Reported hj ^ . Lomas, A,R,C.S., Broadlmrsi Edye^ near 

Jordan Arms^ New Alills, 930 feet O.D. 

Andesitic ash, 14 inches in diameter. 

Many striated fragments of fine micaceous grit. 

Rhyolite (from Upper Barrow<lale Series). 

Ihitterinere granophyre (common). 

Coarse millstone grit, 2 feet diameter. 

Porph^itii; felsite. 

Triassic (piartzite pebbles. 


Lancashire. 

Reported by J. Lomas, Eaq.^ A,R,C.S,y E.ft.S, 

Liverpool , — At Sandon Graving Dock. In boulder clay 17 feet 
thick. 

Diorilc, :} ft. by 2 ft. (i in. by 1 ft. 6 in. Axis nearly X. and S. Well scratched 
and exhibiting a well developed >ole. It lies in situ 5 feet below Old 
Dock r^ill. 

Dioritp, 2 ft. 10 in. by 2 ft. by 1 ft. H in. Axis X. 5® E. 

Andesitic agglomerate, 1 ft by 1 ft. by 1) in. ; 111 feet below 0.1).^, 
hiniestone, 1 ft. in diameter. 

Keuper marl. Various small i>ioce9. 

Ciyp.suni abundant. 


Lincolnshire, 

Reported by Rev. E. Adrian Woodruffk Peaco(ik. 

Cadeney Manor —Bouldors found in sinking a well. 

aug<*n gneivs.s in dark boulder clay at 18 feet. 

Grey limestone with brown ferruginous oolitic grains and shell of n Lima \ 
not ]j. f/itjantea. or L, l<eciiiscHtat though belonging to the same group. 
I Xeoconiiau or Lias. 

Dolerite ; Linicstonc probably X. Ltas ; grey felspathic sandstone ; dark 
grey shale ; red chalk. 

Reported by Mcs.srs. Paul Davis and J, W. Stathkr, FJt.S, {I/ull 
(ieohujica! tSociety)^ prr YorLdtire. Boulder Committee, 

Clrethnrpes. -Three large clay pits near the railway station show 
Roulder Clay 30 to 40 feet thick. The boulders, many hundn*ds of which 
are visible, arc of tin? usual East Yorkshire typos, but of smaller average 
size. Among those noted were rhomb -porphyry ; eheolite-syenite ; 
Cheviot |i M pli\ I if".s ; greywacke sandstone; hypersthcno-dolorito of 
Kycott Jlill ; grey, black, pink, and green-coated Hints. 


Youksuirk. 

Reported by the Yorkahire. Boulder Committee (J. TI. IloWARTH, 
F,C,S,y Secretary). 

By G. A. Auden, Esq, 

Dringhouses^ PorA*. — 

Carboniferous sandstone, two large boulders, one weighing 3-1 tons, obscurely 
striated. 
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By E. Hawkeswoktii, Esq. 

Brompton, near Northallerton . — 

The turni^ike road from Kortballerton to Htockton cuts through a rido.; of 
drift just before reaching the village. It yielded 1 rhyolite : 1 dolerite ; 
1 gabbro (?) ; 2 Carboniferous Jdmestoiies (black) and Carbonifeious 
sandstones. 


By W. Gregson, Esq,^ E.G.S. 

Kirklington^ G miles N.E. of llipoH) at Coldstone House Farm . — 

1 galliard or ganister, 1 ft. by 2.^ ft. by 2 ft. subangular ; top smoothed and 
grooved ; striae N. and S. 


By W. G. Fearnside. 

Horhury^ near Wahefeld . — In an excavation fur the south pier of a 
bridge over the river Calder. 


3 Sliap granite. 

1 llrockrain. 

1 Khonib -porphyry. 

1 Brown Hint, 

The boulders were taken up in the scoop of a dredger along with a 
portion of basal clay when excavating for the concreting of the founda- 
tions of the bridge pier. 


By P. F. Kemdall, B\G.S, 

Settringion, Vale of Pickering . — In fields about half a mile 8.\V. of 
railway station a thin scattering of foreign pebbles occairs among the 
fragments of the subjacent (Jolite. Twenty were collected : they 
include 


1 Vein quartz pebbles, (?) 3'rias. 

G Saccharoid quarzites, one livor-colourcd, (?) Trias. 

2 Carboniferous sandstone, one felspatliic. 

1 Red jasper. 

4 Flints. 

1 Fine-grained gneiss (?). 

1 Basalt. 


1 ^and.'.tone ] /r. 
1 Limestone } 


By E. Hawkeswortr, Esq, 

Wiqhlll, near Tadcaster . — Taken from material excavated in making 
a drain. 

2 Dolerite.s ; 1 chert. 

Kettleness, near Whitby . — On beach just south of Kettleness. 

1 Cheviot porphyrite ; 1 clasolitc syenite. 

1 Gneiss. 
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Wykeham, Vale of Pickeriny, — From gravel-pit. 

1 Dolerite ; I Cheviot jil.- . 

1 Cheviot anflesite ; 2 grey iiinta. 

1 Elioolite-sycnitc, (?) a small pebble. 

C omnnunicatpxl hy the Boulder Committee of the Hull Geological Society, 

Aytov, near Scarboro \ — 

1 Rhomb-porphyry. 

lintton Bushell, Vale of Pickering — In gravel -pit at east end of 
village. 

1 Rhomb-porphyry. 

Wykeham^ Vale of Pickering, — In sand-pit behind the Bowne Anns 
Hotel. 

Cheviot porphyribi ; Lias. 

Sernncr , — In glacial gravel in pit contiguous to railway station. 

Rhomb-porphyry: Cheviot porphyrite ; basalt ; red granite, magnesian lime- 
stone (Roker typ(‘) ; Carbonifeious limestone ; black Hint Lias; and 
much sandstone from looiil source.>. 

Ettoiiy near B('vcrley,— liii strong Jioulder Clay at east end of the 
village. 

Chc\iot porphyrite (several varieties). 

Cieywacke sandstone; Lias, 

Itardliam^ near Beverley, A shallow pit in chalky graved west of the 
village contained a f(^w foreign pebbles, among which Ch(‘viot porpbyrites 
were predominant. Basalt- Carboniferous limestone was also noted. 

Jiy Thomas Sheppaud, As//., 1\G.S, 

Meau'X, near Beverley , — 

Rhomh-porphyi y ; Clicviot porphyrite: Carboniferous limestone and sand- 
stone ; Lia.s. 


By J. W, Htathek, A\v7., F,G.S. 

Leconfrhly near Beverley , — In old gravel -j)it east of Pump Bridge. 
(1 ravel consisting of chalk with a few foreign pebbles, chiefly Cheviot 
porphyrite.s and greywacke saiuLstone. 

Cherry Burion^ near Beverley , — Chalk cai)ped with 8 feet of Boulder 
Clay half-mile cast of station. Among tlu' jjcbbles of non-local rocks in 
the clay Che\iot porphyrit<»s greatly pri'ponderatc. Basalts are also 
plentiful. Greywacke sand.stone and J^ias were also noted. 

Bartindale Farniy near Forth Burton , — Fifty yards cast of house. 

basalt, 4 ft. by II ft. by \i ft. 

Griudale-on-the-Wolds , — Many boulders occur in this neighbourhood, 
and a pavement has boon made of them at Field Spring. Basalts are the 
most common. 
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Dimlington,-^ 

1 Dolerite, Eycott Hill. 

1 Gabbro, Carrock Fell. 

Ferrihy Common^ near Hull , — Chalky gravel in a small pit on the 
Humber side contains a small percentage of foreign rocks, including 
rhomb-porphyry ; basalt ; Carboniferous limestone. 

Thornton Dale^ Vale of Pickering . — In the cutting cast of the station, 
through beds mapped as glacial, no trace of foreign rocks seen ; all local 
Oolite. 


Ihj F. F. Walton, F.G.S. 

Ho^*7isea . — 

1 Volcanic breccia, 4 in. by :i in. by 3 in., identical with boulders found in 
stream at Dunmail llaihc. Cumberland. 

1 Quartz porphyry (Armboth Hj’ke), 4 in. by 3 in. by 3 in. 


SCOTLAND. 

Ayrshire. 

Reported by P. F. Kendall, F.G.S. 

A nodular dolerite closely resembling boulder.s found in Western 
Lancashire and Cheshire forms many boulders on the short' at Shalhjch, 
one mile south of Girv’an. The bouldens appear rather less numerous 
at Girvan, and at West Kilbride only one has been found. 

Boulders of the Ailsa Craig lliebeckite-eurite are very abundant 
ilong the coast from Girvan to Ballantrae, but I liave not found it at 
West Kilbride. 


Life-zones in the British Carhuniferons Burks. — Bejn/rf uf the 

mittee, consisting of Jlr. J. E. Mark {Chairman), J)r. Wiieklton 
Hind (S^-.-rrhirg), Jlr. F. A. Bather, Mr. G. C. Crick, Dr. 

A. H. Foord, Air. H. Fox, Professor K. J. Garwood, Dr. (J. d. 
Hinde, Professor P. F, Kendall, Mr. J. W. Kirkrv, Air. 1{. 
Kidston, Air. G. W. Lamplugh, IVofessor G. A. Leroi r, Air. 

B. N. Peach, Air. A. Sti{AHAn, and Dr. JI. Woodward. {Dratrn 
up by the Secretarg.) 

The suggestions of the Secretary, published in the last report of the Com- 
mittee, that the faunas of (a) the beds which occur between the Alillstomi 
Grits and the Massif of Limestone in the South Pennine area, and (b) 
the faunas which occur in the shales between tlu'. Millstone Grits and the 
upper beds of Limestone in the North l^^nnine area should be examined, 
was carried out by placing a collector in the Pcudle district and one also at 
Hawes. The Committee have been most fortunate in obtaining the skilled 
services of Alessrs. Rhodes and Tait, collectors on the Staff of the Geo- 
logical Survey, while on vacation, and Air. Rhodes has coll(^ctcd in the 
beds between the Underset Limestone and the Millstone Grits around 
Hawes, and Mr. Tait has collected in the beds between the Clitheroe and 
Chipping, inliers of Massif Limestone and the Alillstono Grits. 
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Mr. Rhodes has sent several sections shown by the streams examined by 
him, which are appended, and the fossils he has collected are shown in 
tabular form. The results of Mr. Tait^s collecting are also shown in tabular 
form, and a comparison of the two sets of fossils is most instructive ; for 
while Mr. Rhodes* specimens are all members of the fauna of the 
Carboniferous Limestone, in the Pendlcside fauna only a few Brachio- 
pods are common to it and the Carboniferous Limestone, 

The work done by these collectors largely conlirms the results ex- 
pressed in the paper read before the (Geological Society last P^ebruary by 
the Secretary to this Committee and Air. J. A. Howe, which has just 
appeared in the ‘Quarterly Journal * of the Society. Mr. Tail has traced 
the Pendlcside fauna over a wider extent of country locally. Lately tlio 
writer has obtained this fauna, at the same horizon, in North Stafford- 
shire and Derbyshire. It is an interesting fact that li(‘ has this year 
obtained Cha'}iocnr(HoIa {Lninifacardinm) Fuutil and rosidotioiitya meni- 
hrauitcra in tliese beds, hitherto only known from the Upper Limestone 
shales of Trclaiul. 

The; gr(*at point of interest in Air. Rhodes’ collection is the finding in 
Kdendale of many species, hitherto only found in tlie shales of the Car- 
boniferous Limestone se.iies of Scotland : Pnrnllrlothnt 
Xmmla hicijn/ormi^i, A. ah/ont/tt, Nucuhinn l^rofoschizadua 

itnj)rcsstt^y Cyjtricnrtb'lht aniKV^ C, rcrtnnfjuJiirtK^ Sinhjtibioliics 
S, rftriahifis, SefhfU'ickla sattica, Knfolhnn Soirn'fn/i, Etwniplufhts rarhon- 
ariHs^ pamlh'la^ and ^Serpnlif^’s ii)rnihra)Htcea, 

This fact is important as an aid to correlation of the Limestone scries 
of Scotland with portions of the Carboniferous series of Ihiglnnd. 

Tne (Vphalopoda have been submitted to Dr. Poord and Mr. Crick, the 
Sponges to Dr. (J. J. llinde, the (Jmstacea to Dr. IF. Woodward. The 
S(‘cn'tary has determined the Jjamellibrapcliiala and llrachiopoda. 

Dr. A. Jl.P\)ord reports about the Cephalopoda. sent from Air. Rhodes’ 
series ; ‘ Th(*y ch'arly represent an horizon high up in the Carboniferous, 
fe., that of tlie. Upper Limestone group of the Scottish Carboniferous 
Jiimeslone series. The species I jiarticularly refer to are Orfhoerma 
sufrafuni (Flein.), Cjfrforrras (}frfocpr(is) (I'lem.).’ The Uamelli- 

branchiata and small Gasteropoda strongly confirm this view. At Die same 
lime the absence of the Pcndlesido fauna both in Scotland and theXortli 
of Pmgland is important. The typical Cephalopoda and Lamcllibranchiata 
of this group have not yet been found as a fauna where th(^ Scotcli type 
of fauna occurs. The Tendleside fauna has been obtained in beds of the 
same series at several places in S.W. Yorkshire, N. Staffordshire, Cheshire, 

I )erl)yshire, and Co. Dublin, and the characteristic zone-forms appear to 
be: (PffplnorrrrfA rHinthlumy (/. G. spirant', Pij/iorp/toct ras 

Gifhnistmb G. Loonyi^ (rnatriOizeraii carbtniariufiy (r. LisUn'i, Ch'f/ioreras 
Sfnhihaiivfiy xivirulopert^n papi/mrt'us, Pitsifiommu/d Ikchn't^ P. 
Imniarra^ P. rorntr/aftfj Poshfottirna and P. i)iinor, Xuntlmut sfillay 
Milinr/fin anflfpnts, Cluvuoraniioht Lrioj^trrhr hnif/iroafriSy JArcro- 

rhidllna Gihmuiy JA. retirulatay J/. rJegads. 

It is interesting to note that Air. Rhodes found Productns giganteris 
and P. latisitinnis as high as the Alain Limestone in the Hawes district, 
and that he obtained P. gigayifeva and Chopf^te^ ^i^ptomfs with Lifhosfro- 
plentifully feet over the Ilanlraw Scar Limestone at Alill Gill, 
Asgrigg, and I have lately obtained all three in the Main Limestone of 
Weardale. 
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List of Sections from which Mr. Rhodes collected. 


A 

on Section A. Far Cote Gill, \~in. Survey^ Sheet ^0, Q -hi. Sheet 
Westmorland, Beds seen from base of Underset Limestone to Crow 
Limestone, 


40-08 . 


Fossils from upper "j 
foot (10- fathom 
Grit), 1-39. i 


99-113 . 


Ganister 

U. Limestone. ? Thickness, say ..... 
Hard dark calcareous shale on impure Limestone top of 

U.L 

Blue shale with Ironstone nodules 

Rotted sandy shale, about 

Sandstone false-hedded, with sandy shale, about , 

Main Limestone disturbed. ? Thickness 

Top of above not seen 

Impure grey flaggy Limestone 

Dark unfossiliferous sandy shales and sandstones . 
Little Limestone, grey crystalline Limestone, traces 

of encrinites 

Grey chert streaked with black, sponge spicules 

Thin nodular bed. ? Phosphatic 

Blue shale with Ironstone nodules and pyrites 


Ft. In. 

4 0 

3o 0 

4 0 

5 0 
7 0 

15 0 

? 25 0 


2 0 

? 50 0 

2 0 
2 0 
0 3 

0 0 


B 


Little Limestone^ Smithy Gill. E. slope of Sivarth Fell. l-<n. Sor- 
V vey^ Sheet 40. Westmorland. 


Ft. In. 

Underset Lime- Blue Grey Limestone, with chert nodules . . . t; o 


STONE. 

Productus gigan- 1 Coral Limestone (turbinate Coials) 2 0 

teus. j „ (Lithostrution ? junceum), varies from 1 to ;> 0 

Grey blue Limestone . . .....00 

? Several feet covered ....... — 

Top bed seen in Gill bed 2 0 

Grey and black chert bed, with sponge spicules . .20 

Rotted shales 10 0 

Covered. ? Feet — 

Sandstone false-bedded 14 0 


Productus gigan- ^ 
teus, very rare ; I 
and occasional f 
turbinate Corals J 


Main Limestone. 


? Thickness, but probably not more 


Top showing in stream 

Rotted. ? Calc, shales ...... 

Rotted shale 

^?oot^^U4^14?^^} Limestone, impure grey Limestone . 

Rotted shale . 

Sandy shale and sandstones directly resting on above 


20 0 

2 0 
8 0 

2 0 
? G 0 


c 


Goodhain Gill. E. slope of Siimrth Fell. 1-/??.. Survey^ Sheet 40. 

^ -in. Sheet Yorkshire. U. Limestone. Base not seen. 

Ft. In. 

Underset Lime- Coral reef seen and collected from, about . . .50 

6T0NE. Other part of Limestone obscure 
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Hard prrcy silicious shale on Limestone 
Soft shale covered in little waterfall 


1 ossi^^^fiom top I silicious flaggy shale 


Productiis gigan- 


Grey crystalline Limestone 

Grey and darker chert bed, with sponge si)icuk*s . 

Tiimestone bluish grey 

Dark chert spicules 

Black chert spicules 

Hard blue silicious Liiuestono 

About 10 feet of beds covered 

Calcareous shales at base of second waterfall at gorge 
Dark sandy shale (micaceous) with lenticles of saralst one 
I'alse-bcdfled sandstone 


me: j main limestone 

Calcareous shales, thin band rotted .... 

Marked shale, probabi}' 

[ Dark calcaretuis shale (flaggy) 

Little Lime- i Impure Limestone, with silicious bands and encrinile 
ETONE scries. [ ossicles .......... 

Hard grey Limestone, witli encrinite ossicles . 

iShale black ami micaceous 

b'als(»-bcddc<l sandstone 

Dark sandy shale, with jiyritcs 

Sandy shale, false-bedded sandstone ripple-marked at 

top 

'ossils . • , Calcareous sandstone, marine band 

Hotted sandy shale 

Crc/c Ln/irnfonc't grey crystalline 1^., traces of encrinile 

ossicles 

'ossils ? , , Hard silicious flaggy shale with Cauda Galli . 

Blue si lale, over above not seen injunction, but higher 
up stream 4 feel seen, and yielding Ironstone noilules 
AboNC this sandy iiucaerim.s shale's, ]irobably with occa- 
sional Ironstone nodules . . . . . 


Fossils . 


Fossils ? 


iiooilham GUI Si^ctiots, — From Umh rsrl Limestunr (o prohahlc Ba^ of 

MiUslonn Grit, 


Ft. In. 

Underset Lime- U. Limestone 25 u 

STONE. Hard grey silicious shale top of U.L. . . . .10 

Soft shale shown under bed of stream . ..10 

Hard silicious flaggy shale (fossils) 5 0 

<irey crystalline Limestone 14 

Grey and dark chert bed, with sponge spicules . .50 

Limestone bluish grey 0 o 

Dark chert (sponge spicules) 0 6 

Black chert „ 10 

Blue hard silicious lamest one 10 

Al)out 10 feet of beds covered . . . . . . 10 0 

Ca!carei)ns shales base of waterfall (fossiN) . . ..5 0 

Dark sandy shales, witli some flaggy sandstone near top 25 0 

False l)i*ildi*d sandstones to bar»e of Main Limestone . 20 0 

Main Limestone Main L. ( withocea.siunal / ftt^r/ii/a/^trusund GoraK) > 30 0 
Calcareous shale ........ 0 6 

? About. 4 feet of shales. ? Covi'ied . . • .40 

Hurd dark silicious shales . . • . • .60 

Limestuuc with silicious hands 10 

Hard grey Limestone with encrinile ossicles . , ,20 


1: 2 
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Ft. In. 

Shale black and micaceous 16 

Sandstone false-bedded 2 0 

Dark sandy shales with pyrites 4 (> 

Hard grit on sandstone bed 2 6 

Sandy micaceous shales with lent ides of sandstone in 
upper part ......... 8 0 

Sandstone more or less false-bedded and ripple-marked 

in upper part ? 30 0 

Calcareous grit (?) fossiliferous . . . . .10 

Rotted shale 2 0 

{ Blue-grey silicious Limestone . . . . . .20 

Hard silicious flaggy Limestone 10 

Hard silicious shale with Cauda GalU . . . .20 

Shales with Ironstone nodules rotted, ? About . .60 

About 14 feet of shales covered. ? Same as above . .110 

Dark micaceous sandy shales (iron nodules) . . . 60 0 

Dark and more sandy shales with one or two Unggy 
bands in upper part and irregular calcareous sancLione 

masses 40 0 

Irregular flaggy sandstone ripple-marked, and with 

annelid tracks . . . . . . . . 2.“) 0 

IMassive grit with ganister-likc top, rootlets in top beds ? 20 0 

Shale-rotted .’10 

Impure nodular Limestone band with cyprids . . 0 6 

Blue rotted shales with some Ironstone nodules . . ! 20 0 

Grey ganister (rootlets), about . . . . .04 

Coal seam, silicifled (?), 6 in. to 1 ft 10 

Hard silicious flagg>' beds with fossils . . . .40 

? Base of Millstone Grit — 


D 

Lund's Gill Sfxtions, 

Ft. In. 


Underset Lime- U. Limestone 20 o 

STONE. Dark blue flaggy silicious Limestone (fossils) . . . 12 0 

Grey and black chert 6 0 

Grey silicious Limestone . . . . . .10 

Blue chert 0 8 

Grey silicious Limestone 10 

Blue Limestone ........ 1 6 

Calcareous shales. ? Spirifera (jlahra common . .30 

Blue shale with Iron.stone nodules . . . ,40 

Dark .sandy shale with Ironstone nodules . . .80 

Dark sandy shale passing up into sandstones . . . 12 0 

False-bedded sandstones 20 0 

Main Limestone Main Limestone grey and compact lower part . . 2r> o 

„ middle part coarsely encrinitad . . 2."> 0 

„ upper part compact encrinital . . 25 0 

Sandy shales and flagstones, flags ripple-marked . 20 to 25 0 

Ganister-like grit 16 

{ Little Limestone blue (small encrinite ossicles) . 2 o 

Dark silicious flaggy beds with Cauda Galli . . . 1 <> 

Rusty layer glauconitic, and containing ? calcarcou.s 

sponge spicules 0 3 

vSilicious shales 10 

Blue shale with Ironstone nodules . . .10 0 

8andy shales with Ironstone nodules . . . . 15 () 

Sandy shales with some thin flags in upper part . . 30 0 


Dark sandy shales and flags interbedded. (?) Probably ,100 0 
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E 

CaritneYe Gilly E, Baxujh Fcll^ Grisedah. 1 in. Sheet 40 . 

Yorkshire, 


Littlm Lime- / L. Limeatone. Blue Limestono , , 

STONE. lUack and grey silicious beds . 

Dark shales 

Crow Limestone (cncrinital Limestone) . 


Sheet 49 . 


Ft. In. 
. 2 (i 

. 3 0 

! 5 0 


F 


Itonnd Intj GiU^ Grlsedale, Sheet 40 , I -in, 
Mai), Yorkshire, 

Main Limestone .... 
Calcareous shale .... 

Blue shale 

Hard Haggs .silicious Limestone beds 
Dark sand; shale .... 
fciandstiine. ..... 
liiTTLE Limestone not .seen 
The thick .sandy shale banks not in 
working. 


Sheet 49 ’* 6 -mc 7 t 


Ft. In. 

9 

3 0 
i) 0 
2 0 
9 0 


good position for 


G 

Fliwt GiU^ Grisedahi, Shtet 40 . G-ih. Sheet 49 ^. Yorkshire 


Ft. In. 

Main Limestone ? 25 0 

.Sandy sihalc.s and .sandstone.-s. .Sandstone ri})plc-marked ? 25 0 
Littli-: Limestone. Blue compact Limestones (on 

sandstone) 2 0 

Hard chert y lamest one 2 0 

(’herty .shale not clear . . . . ...30 

Kotted slialcs, mostly covered 12 0 

Sandy shales with fo.ssils (.and I ron.stone nodules) . . 70 0 

Calcarct)us sandstone masses and thin Hags and shales . 2.5 0 

Sandy micaceous shales ? 10 0 


Impure Limestone not in place — slipped (? represents 
C’Row Limestone) 2 0 

Section over I/.S. Limestone, — Mid GUI above Mill GUI Fitrce, 
Askrifjfj. G in GO, N,E,"^ Yorkshire Section above Jlardra Scar 
Limestone. 

Ft. In. 


Habdua ScAU Lime.^tone, prob.al)ly . . . . GO O 

Calcareous .shale (encriuite os.sicles) . . . .00 

Tliin calciircous baud weathering brownish red . .02 

lUuo shale 10 

Irregular sandstone and suidy shale partings . . . 2S 0 

( ’arbonaceous shale with coaly streaks and plant remains 1 0 

(Irit band with plant impressions 0 6 

Carbonaceous shale, plant remains . . . • ,09 

Blue shale .10 

Fossils. . . Calcareous band, witli pjirts Idmestone Corals, Ac. . .10 

Hard compact liydraiilic Limestone . . ..20 

H.ard shale band (? with Posidonomya not well preserved) 0 2 
Hard compact hydraulic Limestone • . . .20 
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Mr. Rhodes' collecting in the Hawes Area. — Table A. 

A — FarcotoGill. I E — Cartmero GUI T 

B — Smith’s Gill. j E — Round Ing Gill I Grisedale. 

C — Goodham Gill. | G — Fluot Gill j 

D — Lund’s Gill. | H — Nine Standards Fell, Faraday Gill. 

The Cephalopoda have been determined by Dr. A. H. Foord ; Sponges by Dr. G. J. 
Hinde ; the other specimens by Dr. AV. Hind, 



PoTifera 

Hyalostelia parallcla (Al'Coy) 
Hexactinellid spicules . 
Monactinellid spicules . 
Tetrad incllid spicules , 

EcM noder mat a 
Crinoid joints . , 

Annelida 

Serpulites membranacea 
(M‘Coy) . . , . 

Artliroimla 


I Entomoconchus Scouleri . C 
Polyzoa 

Glauconome grandis 
Fencstella . . . . C 

Polypora dendroides (AI‘Coy) — 
Brachiopoda 

Athyris ambigiia . . , ' G 

„ pianos ulcat a . • i 

„ expan!«a ... — 

Camarophoria globulina . C 
Ohonetes laguessiana , • , 

Dielasma gillengensis . . I C 

„ hastata . . : C 

Discina nitida . . . j — 

Lingula squamiformis . . — 

„ mytiloides , • ! ^ 

Orthis resupinata ... — 

Productus aculcatus . . C 

„ giganteus . .ABC 

„ longispinus . . C 

„ scabjiculus . .1 — 

,, sernireticulalus . i C 
,, punctatus . * I ^ 


„ . undatus 

Retzia radialis 
Rhynchonella acuminata 
,, pleurodon 

Spirifer crassus 
„ glaber 

„ lineatus . 

,, ovalis 

„ trigonal is. 

„ striatus , . 


A - - - AD EC 

A - - AD - - E C 




A — vV _ G D 


A 

A 

D 

AO - - : " - ' " 

D 

V 

- A F B ! ! 

__ I — A : — ’ — i H 

A J) - A E B 1 

— . A F - — ™ C 

D 

~ ABC 

CD — F 

ACD —If PC,-- C II 

AC . ^ ; . - — - a 

- ; A ! 

— , - (F>) 

AC ' A F P> — C 

CD — c c y 

D - - — C 

AC ~ — G 

Q I , I! H 

C D i — A(E?)' I! C : 

— i — , A I 1 
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Pendte Sitl Area, Mr. Tait's collecting. — Table B, 



■3^ 



CO 

1 

'uj 

a 

tw 

c3 

•z 5“ 

2'T3 1 

3 S 

Hack Hal 
Holland 

old Coate 
Holland 

st Bradf( 
Holland 

: cS 

(3« 

i 


0 



vett- 


Plnntce 

Lepidodendron 
heimianuiu 
Astei'ocal.'imites scto- 
biculatus 
Crustacea 
Ceratiocaris sp. 

CuraU 

Zaplirent ics Knnis- 
killeni ? . 
Hracliivpnda 
Alliyris ambii>iia 
Chonetes lagiiossiana 
Lingula mytiloidcb 
Orthis Michelini 
J*roductiis cora . 

„ piinctatus . 

„ bcabricnlus 
„ scniirt^ticu- 
latus 

Rhynchonella trilatcra 
Spiriter (tnigmcnts) 
Sircptorliynchus cre- 
iiibtria . 

Lamclhhra nch i at a 
Actinopteria per.sul- 
cat a . , . 

AMuulopecteii Di;clieni 
Ptorinopeften 

(Aviculoprcteii) pa- 
pyraciius 

C ten( idonta lie v ir()stri> 
Myalina peralata 
IWdonella he\is 

„ minor . 
Pobidoiiomya Ik’cheri 
„ corrugaia 
„ m 0 m - 
branacea ; 

Solcnomya cObtollala . 

Ccjihalopado i 

Glyphioceras bilingue 
„ rcticiiL'd urn ^ 
Orthoccras cf. Morrisia- ■ 
num . . . . i 

Prolccanitcs coinprcssus, 
„ serpentinubi 


Holden, Holland 
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The Structure of Crjji<ials.-^Ueport of Hie ComitiUtce, roiisusthuj of 
Profesor N. Stohy MASKKf.YNE {(Hurirmnn), Pi'ofessor H. A. 
iMiEUS {Secret arij), Mr. L. Fletchek, ]^-of(\ssor W. SoLLAS, 
Mr. W. T3AKLOW, Mr. (J. F. IlKiniKUT Smith, (rad the Earl of 
HkkkkIiEY, ojipoiuted to report on the Vm^cni State of our Jvvio//*- 
Mije coucemhiij the Sirnclure of Crjislola. (JJraicii vp Inj Mr. 
Pahlow aud Professor MiKRS, aasl.ded hij ^Ir. Herhkut Smith.) 

Part I. 

Report on the DevH opine ut of the Geomrfricid Theories <f 
Cri/stal Struct n re ^ ICGG-PJOl. 

The prohloin of the structure of a crystal prescuits itself under two aspects ; 
it involv(is th(‘ eoiibideration (1) of the niatorial wliich constitutes tlie 
c*ry.stal, and (:i) of the nuinner in which this inat(‘rial is put toi^i'lher. To 
the lirst part of tlio iinjuiry belong all speculations and o})servations which 
lelate to the nature of th.‘ crystal unit: as to whf*thor it In? a chemical 
nlolecuh^ or aii ag^ret^ation of chemical nioh*culos ; what may be its 
diineusLons and rc'gularity or irregularity ; and what forces co-operate to 
iix its po.sition and orientation. 

It might reasonably be sujmosed that this )>art of the inquiry should 
precede that which relates to the arrangeniejit of th(» material. In reality, 
how(*\er, ^(‘l•y little isknoNMi about the actual nature of the ultimate 
particles of matter in the solid stale, aud much more is known about the 
inaniun* in wdiich it must be arranged. F'or, as the study of crystals has 
progn'ssed, it has been found that their nK)rphological and i>hysical 
regularity r(*sults from the fact that they are homogeneous ; both the law 
of rational indices, which regulates the dispositioji of the faces of a 
iTy-stal, and the a*olotro])ism, ^\hieh regulates its physical eharaeters, aie 
in harmony with the geometrical properties of a honi(>geneous structure. 

Now the distribution of tin* material in a homogeneous structure may 
b(» studied as a geometrical problem (piito independently of the nature of 
the matm’ial, for it may he treated as the problem of the homogeneous 
partitioning of spac(‘ (se<^ ladow, p. iHO). 

Tlie pri*>ent portion of the rt'port, therefore, deals exclusiv(dy with 
the geometrical tlieory of the homogeneous partitioning of sjuice, or (w’hat 
cunies to the same thing) the homogeneous repetition of identical parts in 
a uniform structure* ; a side of the subject w’hich seems to ha\e r<*ached 
something like linality. 

A second part will ])e coiicorned witli the nature of the ultimate par- 
tich'S and with the pos.sible arrangements corresponding to actual 
substances, a suh? of the subject which presents considerable dilUculty aud 
may bt said to be still in its infancy. 

In order to put before tlie read(*r a clearer and moro siitisfnctory idea 
of the j>resont state of our knowledge, the historical development of the 
subject is sketched below, and the more important contributions to this 
development are discussed in detail. It will thus be. perceived that con- 
tinual progresshasboeniuade towards a clearer comprehension of the possible 
w^ays in which the homogeneous repetition of parts may take place, each 





KHiFUKl — iyui« 


advance being suggested or confirmed by the knowledge obtained from the 
investigation of the ’ ■ ■ ' * ’ and physical characters of crystals. 

Since the means at our disposal do not admit of the proof of the existence 
of similarly repeated parts in crystals by direct observation, any such 
proof jnust necessarily be indirect, and, to be conclusive, the properties of 
homogeneous structures mathematically deducible must be shown to be 
in complete harmony with those actually observed in crystals. 


Early Vieics, 

Many of the physical properties of matter may be explained without 
any idea of structure or grain, and some physicists have so defined homo- 
geneity ; ^ but such definitions merely ignore and do not preclude the 
conception of a homogeneous repetition of definite parts. ^ Indeed, 
the call for such a conception seems imperative. Without structure it 
would be difficult, for example, to explain the striking polarity displayed 
by such a mineral as tourmaline. From considerations based upon known 
facts in physics and chemistry, it has been shown that the dimensions 
of the atoms, or, perliaps, th(i distances between their centres, though 
extremely small, must lie within definite limits.^ 

That by the packing together of similar bodies artificial systems may 
be obtained whose symmetry of form closely resembles that of certain 
crystals was perceived nearly two and-a-half centuries ago by Kobert 
Hooke from a study of the forms presented by alum. Thus he says : 
‘ I think, had I time and opportunity, I would make probable, that all 
these regular Figures, that are so conspicuously various and curious . . . 
arise only from two or three positions or postures of (I lobular particles, 
and those the most plain, obvious and necessary conjunctions of such 
figur’d particles that arc possible. . . . And this I havernZ demon- 

strated with a company of bullets and some few other very simple bodies ; 
so that there was not any regular Figure, which I have hitherto met 
withal, of any of those bodies that I have above named, that T could not 
with the composition of bullets or globules and one or two other bodies, 
imitate, even almost by shaking tliem together.’ ‘ 

Just after Hooke had put forward his idea, evidence of the regularity 
of crystal structure was supplied by the observation of Nicolaus Steiio,'^ 

* Cf. the definitions given by Biot in ‘ Memoire sur la Polarisation lameihiire,’ 
Mem. Acad. Scl.^ 1812, xviii. p. 033, and by Thomson and Tait in Aatural Vhilo- 
9oj)h7j, §675. 

- The following definition of a crystal, based exclusively on physical behaviour, 
was first enunciated by Groth : ‘ A crystal is a homogeneous solid body whose elasti- 
city differs in different directions within it' {Her. d. Berliner Ak., 1875, p. 549). As 
Schonfiies remarks, it is now generally admitted that the constancy of the crystal 
substance is revealed by its physical properties rather than by its external form, the 
latter being indeed more or less fortuitous and dependent on the conditions of growth 
(see Schonfiies Krysiallsysteme uiul KryHtallstrnetnr, p. 5). 

^ Lord Kelvin (Sir W. Thomson), Nature, 1870, vol. i. pp. 5.'>l-553, reprinted 
Appendix F, ‘ Natural Philosophy,’ by Thomson and Tait. It is interesting to note 
that certain of Jordan’s groups of movements, in which some of the minimum dis- 
tances separating similarly repeated ultimate parts are infinitesimally small as 
compared with the others, are incompatible with the symmetry of actual crystal 
forms, i.e., forms obeying the law of rational indices (see below, p. 312). 

* Micrographia, London, 16G5, p. 85. 

* Be solido intra mliduinnaiuraliter contento dusertationu prodromus^ Florcntim, 
1669 (English translation, London, 1671). 
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that the mutual inclinations of corresponding faces of rock-crystal are 
the same in different specimens. 

It was seen that the property of cleavage also pojnts to the uniform 
repetition throughout a crystal of a definite structure of some kind, and 
various suggestions as to the forms of ultimate particles were based upon 
the cleavage. Thus Guglielmini,* wlio also studied the forms of alum, 
argued the existence of plane faces for these particles, and attributed 
crystal forms to tluun. This observer, reiving on the uniformity of 
internal structure, was the first to alHrm that crystals of the same sub- 
stance must always cleave in the same directions. Westfeld ^ suggested 
that ealc-spar is composed of rhombohedral particles. The latter idea 
was adopted and extended by Gahn and !>(*rgmann,'^ who thus anticipated 
the geiu'ral theory of crystal structure put forth by the Abbe Haiiy, 
to which reference will be made immediately. 

Shortly prior to Hauy we have the import aiit discovery made by 
Kom<; de I’Tsle * that the various shapes of crystals of the same natural or 
artificial product are all intimately related to each other, and can be 
derived from a certain fundamental figure called the jiviraifive form^ the 
shape and angl(*s of which are proper to the substance. The variety of 
form is clue to the varii^ty of the secondary faces. De ITsle himself 
seems to have supposed tliat the secondary faces have absolutely arbitrary 
povsitions, except so far as they are fixed by symmetry of mere external 
form, ilis work, by directing attention to (be invariable nature of the 
crystal substance, and to the str^: dug contrast between this invariability 
and the variety of (external form which may be exhibited by the same 
body, supplenient(‘cl the; evidence in the same direction afforded by 
optical and physical properties."' 


llauy. 

It is now rather more than a century since Dene Just Haiiy sug- 
gested an intimate relation between the forms of crystals and the arrange- 
ment of their ultimate parts, and thus placed the stiuly of crystal structure 
on a sure foundation. The stimulus given to research by his labours has 
bt'on enormous ; multitudes of facts supporting bis principal conclusions 
have been accumulating ever since his day ; and it is not too much to say 
that nearly all the subsequent work on the subject has been but an expan- 
sion or modification of the work done by him. 

Hauy bases bis conclusions as to the nature of the crystal unit, or 
molecule, entirely on the phenomena of cleavage. In any given crystal 
which displays this property he determines the shape of the similar poly- 
hedra whicli would bo obtained by separating the mass along cleavage 
planes into a number of similar fragimmts, each set of parallel planes of 
cleavage being equally spaced throughout. For example, cleavage 
parallel to the faces of a cube leads to cubic fragments ; that parallel to 
the faces of a hexagonal prism to fragments wliieh are triangular prisms 

* JRiJJ/'ssioni filosioficltp dcdoftc dalle figure dc Uonon. 1088, and Dc salihns 
dissertatio episfolarisy Venct. 1705. 

- Mineralogisehe Ahhaudlungeny Stuck I. Gottingen u. Gotha, 1707. 

=* ‘ Variic crystallonim forinjc a Spato ort;e ’ in Aer. Acta Iteg, Sac. Sc, Upsal.y 
17 7!’>, i., and ‘ De formis crystallonim ’ in Opusc. U}>sala, 1780, ii. 

* J'ssai de Crist allograpliie, Paris, 1772. CnstallographiCy ou description des 
formes propres a tons les corps du regne mineral, Paris, 1783. 

* Hchontlies, Krystallsysfeme v. KrystaUstructury p. 5. 
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(fig. 1). The units thus obtained, which he 'tnoUculea 
belong, he finds, to one of three simple kinds : they are in some cases 
tetrahedra, in others triangular prisms, in the remaining cases parallole- 
pipeda,^ and their form is found by observation to be invariable for a 
given kind of mineral.^ He considers that if the process in question does 
not furnish the precise shapes of the actual crystal molecules, it at least 
pictures to us a representative analysis of crystal structure which is 
worthy to stand for the actual facts, and enabh^s us to correlate tlieni.^ 
A further partitioning of the molecules iiifegrantes is, indeed, suggested, 
which would assign a definite relative position in space to the elemetUs 
forming a chemical compound, ' but the (diemical atoms {molecules elemen- 
taires) of various kinds thus supposed to have distinct places in the cryst«al 
substance, and to be of definite and constant form, are not made the 
subject of investigation. The molecules integrautes are supposed to result 
from the I’egular combination of the latter to form a single kind of unit 
or molecule, and these alone form the basis of Haiiy’s theory of crystal 
structure. 

Adopting the idea put forward by Itome de TTsle of the existence in 
every crystal of a primitiv(' form,'" or nucleus, Hauy supposes that this 
nucleus consists of a considerable number of molecules iutegcunies^^ and 
that the primary facoa of a cry'stal are the outcome of regular accretion 
upon tlie faces of the nucleus. Secondary crystal faces are those not 
parallel to the cleavages, and these are explained by supposing that the 
successive layers deposited on each face of the primary nuchms do not 
overlap preceding layers sufficiently to yield merely an enlarged figure of 
the same shape as the nucleus, but, falling short of ibis in a regular 
manner, form by their boundaries planes which truncate the c*dges or 
corners of the enlarged figure referred to.'^ 11(5 points out, however, that 

since microscopic crystals have as complete a compleim iit of faces as those 
of larger growth, the modification by wliich the structure ac(|uires new faces 
must be an initial one, which takes place, once for all, subs(‘(|uent growth 
being the result of accretion upon secondary and primary f.'ices alike.*' 

In cases where tlie molecules iufcgro.ufes ar(5 parallelt'pip(*(la this 
mapping out of secondary face directions by the e(lgt\s bonhning suc- 
cessive layers where the boundaries of added layers fall short at eelges or 
corners in a regular manner, is easy to follow. In ordcT to (‘xplain in a 
similar manner the production of new faces, when? tin? moleiuiles iu- 
tegrarUes are tetrahedra or triangular prisms, Hauy regards these moh'- 
cules as aggregated to form parall(?lepipcdal groups, which Ik? calls 
7ihol<fcules sousti'uctives.^'^ 'Jliis is, of course, merely a geometrical con- 
ception, intended to elucidate the growth of secondary faces by regular 
decrease in extent of succeeding layers, and does not ref(?r to any physical 
association of the molecules integ rautes to form niolecides sonsfraefires ; 

’ Traite de V\iu'ralon\f^ I*aris, 1801, i. pp. xiv and 0. - VAil , p. ?A). 

* Ibid., pp. XIV and 20, 20, and :52. * Ibid., pp. 7 and .'ll. ' Jhuf., p. 0. 

“ Trait V. dc Mineralogie, i. i)p. 20 and 28, also ]). 481. llaiiy says in another place? • 
‘ La forme primitive paroit cLre le rcsuUat de In crystallisation la ])lu.s paifait(? dont 
un mineral soit susceptible ; mais ce n’est pas tou jours celle rjui se lencontre le plus 
ordinairement ’ d'une Theorie sur la /Structure des Cri/staujc, ]"aris, 1784, 

p. 60 ). 

’ Traitc de Miner aloffic, i. p. 29. Thus he considers that the primitive form of 
tourmaline is a rhomboheciroD, but that the molecule intnfrantc is a tetrahedron, 
which is the sixth part of such a rhombohedron (see ibid., p. 30). 

8 Ibid., p. 34 ct seq., also p. 28,6. » Ibid., p. ‘)8. »» Ibid., p. 07. 
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for the purpose of explaining the production of secondary faces, it enables 
all tlie structures formed by the molecules intq/rantes to be regarded as 
composed of parallelepipedal units, ^ although these may be only geome- 
trical fictions. 

The hexagonal structure of figs. 1 and 2 may be regarded either as 
built up of the molvcitlGs intrffranten ABC, which are triangular prisms, 
or (if the molrculeit sontftrnctives ABDC, whicli are rliombic prisms of 
120-* and 00°. 

The crystal may tlien ho regarded as consisting of moh'cnJfis so?/s- 
irarfln'.^, wliicli are parallelcpipeda packed togellior in paraller positions 
so as to iill spacer (Hg. 4, p. .*105). 

TIkj growth of tlie secondary faces by derreinonts consisting of whole 
iiunil)ers of tlie innh'cvtGa titfUftlrarfivGft l<*ads clin*ctly to the great and 
fuiidaiiiental J^aw of the Nationality of Intercepts.^ (This Law will be 
i(*ferr(Kl to below under its more familiar name, the Lciw of National 
Indices.) The truth of tliis law llany himself established by the 
nieasureiiient of a vast number of crystal-^, and it seemed to carry with 
it the justification of his apparently arbitrary tlieoiy of their structure. 

Fic 1 Fio 2. 



Tt will, however, be found lator that an liypotbesis of a more general 
character l(‘ads to tlie same results. 

Put concisely, the objections to Hauy's conclusions as to the nature of 
the ultimate particles of crystals are the following : — 

1. Ilauy has to suppose that cry.slal surfaces, apparently plane, are 
actually corrugated,’^ ami, if the same bo admitted with regard to cleavage 
])lancs, otluT forms for the htftyranft^s than tho.se which lie 

deduces arc. po.ssible. It is easy to picture a. simpb‘ case in which the 
directions of cleavage would prove a fallacious guide to the determina- 
tion of the shape of the ultimate units of a body. 

Thus suppose that a niimlu'r of equal regular lic.\agonal prisms of 
.some uniform material are fastonod togetluT in a. close and regular manner 
hy a uniform but weak i’cment, so that, the adlv.sioii between the prisms 
is much weaker than the cohesion of their substance. It is, then, evident 


1 Tjdifr t/r Aluu'ralofjir, pp ‘.17 and 2St. Com]>. r>ravai.N’ conceptions (see below, 

j>. ,“»ori). 

This law carries with it the exclusion of two of the five regular pol>hedra from 
the forms po.ssiole for crystals, l.e.y of the reguiiu' i.cntaguiial dodecahedron and the 
icoHabedron p. 80). 

* fciee his explanation of the oT.cuxrcnce of seeondary faces just referred to above. 
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that they will most readily separate along zigzag surfaces whose mean 
transverse direction is that of normals to prism faces, c.y., A A' in fig. 3 \ 
and, neglecting the corrugation of these cleavage surfaces, we have three 
cleavage directions AA', BB', CC', making angles of 60° with each other. 
Thus the hexagonal cleavage would result from a structure consisting of 
hexagonal prisms just as well as from one consisting of triangular prisms. 
The fact that most of the units whicli Hany obtains, whether molecules 
integrantes or molecules soustr actives^ display holohedral symmetry 
shows that there is room for some wider conception as to the ultimate 
nature of the cleavage surfaces. 

2. Some of the figures to which cleavage leads are neither parallele- 
pipeda which can be packed together as moleciiles soustractices^ nor other 
figures which can be packed together as molecules infegrantes. The 
octahedral cleavage of fluor spar, for example, leads either to octahedra 
or tetrahedra not fitting closely together, but with spaces between them. 
This incompatibility of the results of the partitioning with the conception 
of uniform divisibility into identical plane- faced molecules indicates that 

Fio. :>. 


^ o 



the molecules iutegmiites as well as the molecules sonst cactlves are mere 
geometrical abstractions ; indeed, such probably was tlie view of Ifany 
himself. 

3. Haiiy’s method is not of universal application, since in some crystals 
no cleavage planes are discoverable. In such cases supplementary hypo- 
theses become requisite.^ 

Cleavage is, then, an uncertain guide to the determination of tlie form 
of the ultimate particles of crystals. Nevertheless, cleavage led to the 
discovery of the law of rational indices, and the conception of parallele- 
pipedal units built up into a crystalline structure furnishes at any rate 
an explanation of this law, and is in accordance witli most of the prcjperties 
of crystals, whether it be derived from cleavage or not. Unuy's molecules 
iniigranies are even more suggestive, in the light of subsequent research, 
than his 'molecules soustractivesj since they reduce th(^ })roblem of crystal 
structure to a problem of partitioning space into similar polyhedra which 
are not necessarily parallel. For example, the arrangement of triangular 
prisms of fig. 1, which is suggested by (deavage parallel to the faces of an 


‘ Haiiy, Traitc dc Mneralugh, i. p. 27. 
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hexagonal prism, contains two sets of prisms differently orientated. This 
case will bo alluded to again (see p. 327). 

The Space-lattice. 

We next come upon investigations based on Haiiy^s conclusions de- 
rived from cleavage, but widely differing in essential character from them, 
in which this property is found to take (|uito a subordinate place, and 
is treated merely as evidence of internal symmetry, the question oi the shape 
of the ultimate units having sunk into insignificance. We find, indeed, 
that while llaiiy’s discovery of the law of rational indi(;es proved to be 
an epoch-making one, his suggestions as to the nature of the ultimate 
particles, based on cleavage, came very soon to be treated as merely 
diagrammatic, and as •Apri'-'.lng more than is justified by the experimental 
facts. 

Without following Haiiy in his speculations and arguments, or striking 
out any new path of deduction for themselves, AVeiss * and Mohs by 
their well known method placed in a far clearer light the ascertained 
facts, not only those respecting outward form, but also the optical facts 
relating to double refraction. J>y this time the occurrence of many new 
varieties of symmetry had been recognised both on morphological and on 
physical evidence ; in particular the existence of the monosymmetric 
system had been established, and attempts were being made to classify the 
vari(}ties of crystal forms according to their symmetry. 

To this period belongs the remarkable work of Hessel,-^ an investigation 
which, though published in 1830, remain(‘d overlooked until the year 
1891, when it was unearthed by Sohneke.* 

itossel considered the gemu’al <|uestion of the possible symmetry of 
solid plane-faced figures, and (hen, by imposing the limitation that these 
figures should obey Many’s law of rational indices, deduced the result 
that only thirty-two (ypi's of .synnnetry are possible for crystals. This 
achievement is all th(‘- more surprising since, at the time wlum Hessel 
wrote, comparatively few of these thirty-two types had been discovered 
in nature. The same import.int result was indepiuuhmtly rediscovered by 
Gadolin (1807), to whose methods reference will presently be made.’* 

In the previous year (1860) Viktor von Lang, in his treatise on 
crystallography,'* had very clearly laid down the principles of crystal 


* *l)e indagando formarum crystallinarum charactcre geometrico principal! 
difesertatio.’ Lipsia*, ISO'J, ‘ ITebcrsichtliche Darstellung der verschiedenen natiir- 
lichen Abtheilungen der Kryjstallisationssysteiue ’ (Ahhmull. d. Borl. Ah.d.Wusen’ 
srhaft, Phys. Klasse, 1814-16, pp. 2S9-3;i6). 

' ‘The characters of tlie classes, orders, genera, and species; or. the character- 
istics of the Natural History System of Mineralogy,' Edinburgh, 1820. Treatise on 
Mineralogy; or the Natural History of the Mineral Kingdom (translated from the 
German), Edinburgh, 1826. 

* Article ‘ Krystall’ in Gohler’.s Plu/sihal. ^ydrffrbucJl, IS.'IO, v, 1023-1310. Also 
* Krystallomctric Oder Kry^tallonomie und KrxstatlogTapluc.’ Leipzig, 1831, and 
reprinted in ‘2 vols. in Ostwa d’s KlasJi. d. rjrahl. ff ’/.'f.s*., 1S!)7, Nos. 88 and 80. 

* ‘ Die Entdcckung des Eintlieihingsprincips der KrxstalhMlnivh .J. F 0. Hessel,’ 

Zeils.fur Krffst. xviii. 480. Comp (ivoth’s translation of Gadolin’s work 

on the same subject, Ostwald’s Kluss. d. cxahlvn IF/.s-.s’., No. 75, p. 86, 

' See below, p. 309. 

* Lelirhuch der Kryatalleffraphie.V^lu^n^ 1866. 'I'lnity years later he shows that 
these classes may be obtained on the principles C‘^1abli^hod in this w’ork. Sitzungsh 
Ali. Wiait 1896, cv., II a, p. 302, and Ann. Vhys. iVum., 1896, Iviii. pp.71G-724. 
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symmetry, find supplied a method by which the thirty-two classes might 
have been deduced. 

About the time of Hessel’s discovery an important change of method 
was introduced by Seeber,^ who did not, like Ilauy, consider the form of 
the constituent particles, but confined his attention to the relative situa- 
tions of the centres of these jtiti'ticlcs. According to liim the molecules, 
which he supposes always to be arranged to form a parallelepipedal net- 
work, are separated from each other by intervening spaces. Much tlie 
same ideas were shortly afterwards put forward by Oelafossc,*'^ who, like 
!f:5eeber, regarded crystals as consisting of molecules regularly arranged in 
this manner, but not in contact. The following (piotatiou shows that 
the latter uses the property of cleavage merely as an evidence of the 
existence of uniform internal symmetry : — 

‘ Indeed, from the possibility of a cleavage in one particular plane 
direction, we can only conclude that the molecules of the crystal, (con- 
sidered as material points, are distributed on a series of i)arall<d planes ; 
if there are two more cleavages in two new directions we d(*diice, as a 
probable consequence, that the molecules must be situated in a uniform 
and symmetrical manner, having their centres of gravity at the points of 
intersection of these .series of parallel planes, and thus pi'esent . . . tli(^ 
picture of a lattice with parallel figured meshes. The molecules make up, 
indifferent directions, recti! inear and parallel threads, in each of which their 
centres of gravity are e(iuidistant. Those threads on flu' sanu* plaiuj are 
at equal distances from one another. . . . What Ilauy • considers as the 
dimensions of this hypothetical molecule are nothing inoni than the inter 
vals which sej)arate the real molecules in the directions of tin* edge's or 
axes of the priniitiv’c form.’ ** 

Wollaston ' while, like Hooke, suggesting the presence of splierical 
molecules, had already remarked that, in place of the spheres, mathe- 
matical points endowed with forces of attraction and repulsion ean bo 
postulated; I’rewster,'’ Dana,*' and Forster" (‘inploved very similar 
conceptions. 

We see, then, that while speculations as to the foi nis of the ultimate 
particles ere soon lost sight of, the geometrical idea wliich survives and is 
held in common by various investigators is that erf/stfd sfructurt- consists 
in the similar repet ifioit throufjhont spare of identical units n'ifhont regard 
to their shape or constitution. Tlie question of the form of the ultimate 
units of crystals, however interesting, has no essential ])lace in a general 
investigation which seeks to discover the various ways in which ultimate 
parts may be uniformly repeated, ^.c., an incpiiiy into the v arious types cf 
homogeneous structure. The purely geometrical investigation is om', 
which takes no account of the. nature of thfi physical and chemical 
characters of crystals, but nevertheless it is one f»f the greatest imporf- 
ance even from the physical and chemical point of view, as will be .se(*u 
subsequently. 

» ‘Versuch eincr Erkliirnng dcs innern Baucs dcr fe^ten Korfcr'in dilbeit’s 
Annaleu, dcr Plnjuk, 1824, licxvi. pp. 229-248. 

‘ Recherche s snr la cristalli.sition oonMflori'je sous Ics rappnrlt, ph^’siques et 
mcith6miiriqnes,* J/r/n.pre/fe/i/ces par divers savants it VAcadhn. Kotj. do Si tone, do 
r/nd. de France.^ ISI.’J, viii. pp. Oll-GOO 

3 Jhid., p 649. 

" PbiL Iram., 1813, pp. 51-63. » Jhtd . 1830, pp. 87-95. 

* Sillinian's Amp^i/inn Jonrnalt 1836, Scries 1, xxx. pp. 275, 296. 

^ Fhil. Mad-t 1855, Series 4, x. pp. 108-1)5. 
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The general problem of the symmetrical space arrangements available 
for crystals was at first supposed to be a comparatively simple one, 
Solmcke remarks ^ that all the various extensions of Hauy’s theory put 
forward by the writers above referred to led to the same conclusion, viz., 
that the of the middle points of the crystal elements is that 

of a parallellepipedal network or ‘space-lattice' (Raumgitter),^ such as 
that shown in fig. 4. 

In this simple guise the problem was dealt with exhaustively by 
M. L. Frankenheim, who investigated the different kinds of parallelepi- 
pedal networks of points (llaumgitter) possible in order to ascertain 
whether these correspond to the various types of symmetry presented by 
crystals.^ He did not, however, at first furnish any rigid proof, and his 
classification of the various kinds of symmetry presented is not perfectly 
satisfactory : he described fifteen forms as distinct from each other, whereas 
in fact there are but fourteen, as was afterwards shown by Bravais. He 
states explicitly that the iiujuiry is founded solely on the symmetrical 
arrangement in space of the ultimate particles, and is not based on con- 
siderations of the magnitude or the shape of these particles, be they 

Yu:. I. 



plane-faced like small crystals or rounded ; solid spheres or hollow com- 
pressible shells ; or, indeed, mere centres of force. For tlie purpose of 
comparison with tlie fifteen geometrical systems of points wliich he has 
discriminated lie classifies crystals into fifteen systems by t.aking note of 
(iiflf're'iiccs in clraiuKjr (Unci ion as well as of dificrcnces of crystal form. 

The obvious objection to Frankenheim's treatinemt of the subject is 
that unless some appropriate configuration be attributed to the partieles — 
and this he expressly disclaims — no hemihedral or hemimorphous forma 
are accounted for ; and yet, ns pointed out by Delafosse, there is no more 
justification for regarding these forms as subsidiary tlian for so rc'garding 
tlie holohedral fcjrnis. 

But none the less the solution of the problem of the possible varieties 
of space lattices, and the establishiiieiit of the fact that in their symmetry 
they correspond to the systems of crystals, marks a very imiiortaut advance 
in the theory of crystal structure. 

' Sobucke, eincr Theoric dcr p. 17. 

- Kec above, p. 1101. 

® Die Lfhrr roK dvr Cohdsiony llvcslaii, ls:b“; also ‘System dor Cryslalle ’ in 
I^kora Acta Acad, Ctcs. Z.cojwl(ii?w- Curolhuc iVut, Cur , 1S42, xix. (2), pp. iri-OliO. 

1901 X 
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Bravats, 

A few years later, Frankenheim’s geometrical investigation was sup- 
plied with rigid proofs the elegance and clearness of which ha ye excited 
much admiration. These proofs were the work of Auguste Bravais,^ who, 
moreover, enlarged the scope of the inquiry, and, not confining himself to 
ascertaining the possible varieties of parallelepipedal arrangement of the 
centres of the ultimate units, proceeded to determine the further varieties 
of symmetry which can be discriminated by taking into account the 
individual symmetry of these units, ^^c., of the hypothetical atomic group- 
ings to which attention had previously been directed by Delafosse. His 
work constitutes the first attempt to make a rigid exhaustive investigation 
of all the different types or varieties of symmetry obtainable by arranging 
similar bodies or units in space, in a perfectly uniform manner in every 
possible way. 

Basing his arguments on the homologous nature of parallel lines in a 
crystal, and the consequent possibility of iii-li: .:iii ddr..: in it space-units 
which are all alike and all similarly situated, and similarly ordentated^'^ 
Bravais, like Haiiy, regards every crystal as made up of similar poly- 
hedral units or molecules ^ thus placed, and puts forward what purports 
to be a perfectly general treatment of the subject, independent of any hypo- 
thesis as to the actual nature of the polyhedral units. He makes, however, 
the necessary assumption that these units have a sufficiently symmetrical 
shape or configuration to be compatible with the general i^ymmetry of the 
system which they constitute. For example, tetrahedral particles placed 
to form a cubical space-lattice and appropriately orientated will present 
a typo of symmetry belonging to the regular system, but particles whose 
figure is a hexagonal prism cannot be thus arranged to belong to this 
system. As a secondary matter, adopting the suggestion of Delafosse, he 
regards each polyhedron as an actual crystal molecule made up of con- 
stituent atoms. It may be noted that this supposition implies a more 
intimate relation between the homologous parts of the same unit (poly- 
hire) than subsists between the homologous parts of contiguous units, 
whereas Haiiy’s theory only really requires that the mass shall bo 
yttfim.irl'nV y divisible into similar and similarly orientated units (inoU- 
cules soustractwes) which may or may not be physical molecules. In 
fig. 2, for example, the cell ABCD may represent a molecule, or the 
molecules may be supposed to be situated at the points A, B, C, D. 

Bravais then discriminates between the symmetry due to the arrange- 
ment of the centres in a set of similar bodies, or crystal molecules, having 
a uniform disposition and orientation, and the individual symmetry of the 
bodies or molecules, and traces the influence of the latter on the symmetry 
of the assemblage. Thus he discusses separately : — 

1. The variety of types of homogeneous ‘assemblages’ possible, an 
assemblage consisting of mathematical points each of which is surrounded 
identically by the assemblage as a whole supposed infinitely extended, 
and this identity extending to the relative orientation.'* 

^ Bravais’ first step was to consider the regular disposition of similar points on a 
plane, an inquiry to which he was led by observing the regular arrangement of 
similar parts in plants (^Compt. 1848, xxvii. pp. GOl-604). 

2 ‘ Memoire sur les systf^mes form6s par dcs points distribu6s r^gull^rcment sur 
un plan ou dans I’espace,’ Journ. de. VKople Polytech., Paris, 1850, xix. p. 127 ; also 
* f^tudes Cristallographiques,’ dc IJ hlcolo Poli)tech..f Paris, 1851, xx. pp. 102 and 
97. 3 Corresponding to the moUcxdes mistractlves of Uaiiy. ^ Of, p. 310, 
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The Assemblage of Bravaia is therefore clearly identical with the 
parallelepipedal network of points already referred to, which had been 
investigated by Frankenheim.‘ 

2. The modifications of these types of symmetry which are introduced 
by employing, in place of the points, symmetrical figures {polyMrea) 
possessing a symmetry less than that of the parallelepipedal network,^ 
though compatible with it — c.g.^ by forming a cubic network of tetrahedral 
particles similarly and appropriately orientated. 

Thus in following Bravais’ arguments with regard to assemblages we 
note that, as a rule, he ignores for the moment any modifying or destruc- 
tive effect exerted by the shape of the units (polyklres) on the elements 
of symmetry.'^ He first treats a system as consisting only of the centres 
of the units, and after the elements of symmetry of tlie system thus re- 
garded have been established, he considers the effect of the shaj^fc of the 
units ; ^ this comes out in his definition of ‘ faces de meme espece.’ He 
says : ‘We will distinguish by the term, faces of the same kind, as we 
have done in the theory of assemblages, those which can be brought into 
coincidence, row on row, by a suitable rotation or translation, the coin- 
cidence of the faces including with it that of the assemblages. If, more- 
over, the coincidence includes also that of the molecular polyhedra 
which may be suppostxl to lie on the planes of those faces and to par- 
ticipate in their movements, wo may say that the faces are of the same 
kind, and, moreover, identical.' The bodies employed as units have 
in every case uniform orientation and one which is as symmetrical as 
possible. 

As to the number of kinds of .symmetrical arrangement possible 
included under the first head, he says : ‘ The degree of symmetry of 
an assemblage is cliaracterised by the number of the axes of symmetry 
which it possesses, the order of tluj symmetry of these axes and their 
relative situation.' As stated above, he distinguishes fourteen forms, 
and assigns these to seven classes or systems, according to the number 
and nature of the axes of symmetry which pass through a given node 
(iiaeud) or point of the space-lattice.'^ Tlie anorthic space-lattice of 
fig. 4 possesses only centro-.symmetry ; if its angles were all right 
angles it would possess the symmetry of the ortiio-rhombic system ; 
if, in addition, its edges were c(|ual it would be a cubiu lattice. The 
similar bodies are called by Jiravais in his later work polyhedra 
(polyedi’es) ; in his earlier work on point-systems he speaks of them as 
summits (somniets), and sugge.sts tliat for convenience of thought they be 
regarded as having some simall dimensions. Their size and shape are, 
however, in this work generally kept in abeyance, although, before 
concluding, he refers to the important effects of their shape or composite 
structure in producing hemihedral and other partial forms. ^ Indeed, 
according to Bravais' view, the symmetry of the assemblage is actually 
determined by that of the molecule or unit.-' 

* fjtuJes CrhtaVograpldques, p. 103. • Ihid.^ p. lOt. * Ibid., p. i03. 

^ This method has been pushed to its extreme by Wullf and Plasiu.*?. Comp, 

Schbnijics, K'n/stalUy interne u, KryHallsfructur, p. 320. 

* Ktndes CfistalbtgTapJdqncs^ p. lOG. Ibid.^ p. 104. 

’ Compt. Rend., 1840, xxix. p. 135. 

» Ibid., 1848, xxvii. p. 603. Comp. Journ. dc VlScole Polytcohnique^ 1850, xix. p. 
127 ; and I^tudes (Jrhtallographiquea, p. 103. 

* jUtndcs Cristallogrcipldq^m, p. 202. 
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The definite character of the arrangement of the parts in the indiWdual 
unit he expresses thus ; ‘ The geometrical arrangement of the constituent 
atoms is the same round the centre of gravity of each molecule/ He 
adds : ‘This last hypothesis is necessary for the explanation of the 
phenomena of isomerism/ * As a result of the rigidity, or fixed relation- 
ship, which Bravais attributes to the parts of his molecule, the arranging 
process of crystallisation is regarded by him as partly consisting in the 
rotation of the molecules in such a way as to bring about their uniform 
orientation. - 

In his study of homogeneous assemblages of points Bravais used the 
mathematical conception of a coincidence movement (the Deckheivegung 
of Oerman authors), which is now so universally employed in studying 
the symmetry of a system of points. He supposes each point of a 
plane of points to consist of two which coincide, and then regards one 
set of points as movable, the other set as fixed. A movement of the 
former set which brings it to coincidence with the latter, point by point, 
but which shifts the position of some or all of the movable points, is a 
coincidence movement. His method practically consists of a study of the 
possible vai-ieties of axes of .symmetry and the possible ways in which they 
can exist in a system whose various parts can be cleiived from each other 
by movements of translation. 

The parallelepipcdal nature of the asscmiblage results from the fact 
that it possesses movements of translation as one sort of coincidence 
movements ; the classification of assemblagc.s according to their symmetry 
is effected by con.sidering the various ways in which their parts may be 
derived from each other by a second .sort of coincidence movement — 
rotation about axes of two-, three-, four-, or six -fold symmetry, which 
alone are possible in such an assemblage. 

The most general form of coincidence movement is a screw spiral,^ 
but such a movement is not employed by Bravais, and, indeed, had not 
been introduced at this period. 

Bravais,*'^ like Hauy, Delafosse, and Frankenhoim, attempts to make 
cleavage throw light on the nature of the internal symmetry prevailing 
in certain crystals, and thus to assign particular crystals to a preci.se type 
of internal symmetry. Having proved that in the space-lattice some 
planes of points are more densely packed with points than others, and are 
at the same time more widely separated from tlie adjacent parallel planes, 
Bravais shows how the redative density of the planes may be i-alculated. 
He then suggests that there is a connection b(;twecn the relative density 
of aggregation of the centres in tlie different planes di’awn in various 
directions, and the predisposition manifested in crystals to select certain 
plane directions for their boundaries. 

A purely mathematical investigation in taking account of all po.ssiblo 
types of internal symmetry naturally does not indicate why one type 
should be more prevalent tlian another. To determine this point is 
difficult ; indeed, it will probably be impossible till the types of internal 

* Abides Crutallographiques^'g. 101. For a sugj'e.stion that tbo poles of force to 

which polarity is clae aTe the constituent atoms definifcly placed with respect to one 
another see ihid.^ p. 194. * Ibid., p. 197. 

* Journ. de Polytechinque, 1850, xix. pp. 9, 20, 92, 57, 98. Cf, Sohneke’s 

deliiiition of • l)e(;kiing’ in Kntmchcluug ciner Tbcorir dcr JCrystaHstructur, p. 28. 

* See t)elow, p. 911. 

* Etudes CnstallograiiMqueSy p. 202. • Ihld,^ p. 107. 
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symmetry to which particular crystals belong can be ascertained with 
more certainty than at present. Some generalisations on the subject were, 
however, put forward by Bravais,^ which, though evidently not intended 
to form part of his rigid .n-Lr-isn sii. being indeed little more than specula- 
tion, are interesting and suggestive. Thus he says : * ** We can imagine 
from what precedes how the structure of the molecular polyhedron reacts 
on that of the crystal and detcjrmines the choice of the system ... we 
may conclude that the molecular polyhedron is symmetrical, and that its 
elements of symmetry, tending to pass to the cori’esponding assemblage, 
determine the structure of it.' ^ 

With Bravais’ exhaustive study of the properties of the space-lattice 
a very important chapter in the history of the theories of crystal structure 
is closed. Tho.se who hold that the a'olotropic homogeneity and symmetry 
of a crystal are only to be accounted for by a uniform distribution of 
sameway-orientated molecules or molecular groups must always take 
their stand upon the work of Bravais. Further, the knowledge of the 
properties of the space- lattice first provides a single principle capable of 
explaining at the same time the law of rational indices, the homogeneity 
of a cry.ctal and the main features of crystalline symmetry ; for not only 
ai*o the fourteen lattice* all homogeneous, and their planes a system of 
crystalline planes, but each of them presents the symmetry characteristic 
of one of the crystal systems. 

It must, however, be remarked that systems of symmetrical repetition 
exist which obey the law of rational indices, and are therefore possible 
for crystals, hut to whoso elucidation the method of Bravais does not 
apply. One of these systems is described later (p. 314, fig. 5), and, as 
will be seen, some of his conclusions are inapplicable to types of this 
nature. 

The name of .Vxel Oadolin^ is pre-eminently a.ssociatecl with the. very 
important work of deducing the existence of thirty-two types of crystal 
symmetry from the law of rational indices alone, although, as already 
nmiarkecl, the discovery of these types had been achieved by Hessel many 
years before.* The arguments used by Gadolin, and, indeed, those of 
llcssel also, purport to deal only with the external form, and thus their 
bearing on cry.stal structure is not direct. Nevertheless the great import- 
ance of the work in question as corroborative evidence of the existence of 
a molecular structure will be perceived when it is seen, as will be shown 
presently, that, wdiatever view be held with regard to the .stiucture of a 
crystal, the spaccvlattice, and therefore also the rationality of indices, 
must form the ])asis of the structure ; indeed, the discovery of the latter 
was the immediate outcome of Ilauy's concept of a uniformly repeated 
molecular structure in crystals. Gadolin himself points out tliat his proof 
fails to be quite general on caccount of a certain pt'ciiliar case of p.seudo- 
trigoiial symmetry,’’ which has subsequently been the subject of much dis- 
cussion.^’ It has been held that for this reason we are driven to base the 


* f:tnde& • . p. 203. - pp. 203, 201. 

® ‘ MfuTioirt • .■ a ■ ■ dun soul principo do tons lo.s sy.stcmcs cristallo- 

graphi([ues avoc leur subdivi.si()n.V Artn Sov. Scir/tt. Ftnnic<t\ 1S()7, \ol. ix. pp. 1-71, 
and scpiimtoly, Helsingfors, 1871, translated by Groth in OstwakVs Klasdhcr der 
iixahten Wisscnschaftcn^ No. 75. 

^ See above, p. 303. » ‘ Mfuiioirc snr la d<5duotion,’ &c., p, 50. 

** Hecht, Nachr, d. K. Ge». d. Tilw. Gotthujen^ 180i?t pp. 230-217 ; Nrues Jahrh.y 

180K r»n *>4W_9/»9, • Vpdnrnwr yt>if9 Tifin ISOfi vnl :rviv nn 9.14 nnd U07 
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deduction of the thirty-two classes directly on the existence of ahomogeneous 
molecular structure and not upon morphological considerations alone. 
Yet it must be confessed that the various possible types of crystal sym- 
metry were clearly and completely laid down by the morphologists without 
any further speculation regarding structure than is necessitated by Haiiy’s 
law, and that every successive advance in the structure theories has been 
guided or corrected by the knowledge so obtained. 

The Principle of Si/mmeirical Pepetition in Space. 

Shortly after the publication by Bravais of his elaborate and elegant 
work, a new departure was made in the elucidation of homogeneity of 
structure, the importance of which can scarcely be overrated. 

The first step was taken by Chr. Wiener,^ who laid down the principle 
that regularity in the arrangement of identical atoms is presented when 
every atom has the remaining atoms arranged about it in the same 
manner ; ^ thus making homogeneity depend primarily on the continual 
repetition throughout space of the same relation beWeen an element and 
the entire structure, regarded as unlimited, instead of laying stress on 
sameway orientation.^ The principle adopted by Wiener, when employed 
in all its generality, leads to an adequate classilication, according to their 
symmetry, of all cases of identical repetition throughout space whatever.* 

The possibility of partitioning a homogeneous structure into similar 
sameway-orientated parts whose centres form a parallelepipedal lattice *’ 
must always be the important property which enables us to trace to its 
source Haiiy’s great law of the rationality of indices ; but this possibility 
is only a collateral fact when Wiener’s principle is discussed ; indeed, the 
carrying out of such a partitioning, while always possible,*' often cojnpli- 
cates instead of simplifying matters so far as the symmetry is concerned.^ 
The problem to be solved, presented in its most general form, is not even 
to find under what conditions the separation of the structure into similar 
composite units of any sort can take place, but simply the analysis of the 
nature of the repetition in space of the similar parts. 

Jordan, 

Although Wiener made some interesting applications of his principle 
and described several kinds of .symmetrical repetition in space which are 
examples of it, he did not deal with the subject exhaustively ; the solution 
of the general problem was effected by Camille Jordan in a memoir the 
title of which contains no reference to homogeneity or to crystals.*^ This 
mathematician has furnished a perfectly general method of defining the 
regular repetition in space of identical parts, and has shown that the typical 
cases of such repetition are limited in number. He points out that, when 

Viola, ihici , 1806, vol. xxvi. p. 128, and 1807, xxvii. pp. 300-40,5 ; De Souza- U rand ilo, 
ZeitB. Kryst. Min., 1894, vol. xxiii. pp. 240-268, and 1807, vol. xxvii. pp. .516-556 ; 
Barlow, Phil. Mag., 1901, scries 6, vol. i. p. 3. 

* Die Grundzuge der Weltordnung, Leipzig and Heidelberg, 1869. 

2 ‘ Die Regelmiissigkeit findet dann statt, weiin jedes Atom die andcren Atomo in 
ubereinstiramender Weise um sich gestellt hat,’ iUd., p. 82. 

Of. Min. Mag., 1896, vol. xi. p. 119. '* See below, p. 321. 

* Sohneke’s Entwickelung einer Theorie der KrystalUtrulitur, p. 207. 

Krystallsy Sterne und Kryst alUtructur, p. 360. Comp. Phil. Mag., 1901, series G, 

vol. i. p. 19. Comp. Min. Mag., 1896, vol. xi, p. 125. 

® ‘M6moire sur les Groupes de Mouvements.’ Annali di mateiinatica pura cd 
apglicata, Milano, 1869, series 2, vol. ii. pp. 167 216, 322-345, 
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identical repetition of its parts is exhibited by any mechanical or geo- 
metrical rigid system, this system being, in some of the cases, supposed 
infinitely extended in every direction, a certain definite series or group of 
correlated movements may be employed, each term of which is a movement 
of such a nature that, while the system is actually shifted by it, the appear- 
ance after the movement has taken place is absolutely unchanged, every 
point moved being caused to tiuvel to the place previously occupied by 
some homologous pointd The fundamental condition that such a group 
of movements may exist is that homologous parts everywhere boar an 
identical relation to the system as a whole ; the members of the group 
are so related that every individual movement may be regarded as the 
resultant of some two or more movements also belonging to the group.- 

While it is always found possible to partition any system of this kind, 
in which the repetitions are continually repeated in every direction, in 
such a way that the units obtained are all alike and sameAimy-orientatPxly 
as in Bravais^ systems^^ the latter property is, as has been said, but a 
secondary one, and not of the nature of a definition, the condition stated 
above constituting a definition complete in itself. A homogeneous struc- 
ture can thus be classed according to the type of the infinite group of 
coincidence movements which connect all its homologous parts. 

The obvious ad\ai«trv..(‘ of this method of dealing with homogeneity is 
its complete generality —that it requires no further limitation of the 
nature of the homogeneous structure than that which prescribes the kind 
of repetition presented by its homologous parts. ^ Thus if molecules of a 
certain individual symmetry with a relative space-lattice arrangement of 
some kind are postulated, after the manner of Bravais and others, Jordan’s 
method, unlike Bravais’, deals in one process both with the symmetry of 
the individual, so far as this affects the general symmetry, and also with 
the symmetry of ai-' M possible molecular theories of crystals 
can alike bo subjected to Jordan’s method, and it is independent of 
them all. 

The following is the course of Jordan’s argument : — After reminding 
liis readers that every movement of a solid body in space can be regarded 
as a screw-spiral movement, he remarks that such a movement is fully 
known when we are given — 

1. The situation in space of the axis of rotation A, which has also the 
direction of translation. 

2. The angle T, through which the solid is turned about the axis. 

The longitudinal displacement /, to which tlie body is subji'cted in 

tlio direction of the axis. 

lie then observes that the displacement produced by two or more 
such movements made successively can also bo produced by a single screw- 
spiral movement of some kind ; and the resultant of a number of move- 
ments succes.sively made can bo definitely expressed in the terms just laid 
down if the expressions for the component movements are known. 

Jordan next proceeds to point out that, a few movements being given, 
it is possible to arrive at all the various movements or displacements 

* For a definition of a coincidence raovement see Solinckc's Entn'iel* clung eine? 
Theorie dor Krydalhtrnktur, p. 28, or J/h?. Mag., 1896, vol. xi. p. 125, note 3. Comp. 
Sch<)r: flics, KrystalUydcjnc vnd KryxtalUtrucivr, p. 54. 

^ Schonfiies, Krystallsysteme und Krystallstruciur^ pp. 256 and 359. 

® See above, p. 300. 

* Cf. Schonflies, Krystallsysteme und Krystalhfructur, p. 44, par. 2. 
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obtainable by combining these given movements executed successively any 
number of times in any order whatever. Of groups of movements arrived 
at in this way, some are of a finite character, and some contain movements 
infinitely small ; the remaining kind — those which consist of movements 
whose loci extend infinitely throughout space in every direction, and 
which are none of them infinitely small as compared with the others— 
comprise, as was subsequently perceived,^ all those that are available for 
the production or definition of homogeneous structures which display the 
symmetry of crystals.^ 

The movements belonging to an infinite group of movements, like any 
individual movement, can be completely defined by reference to certain 
axes of rotation and directions of translation ; but for the sake of per- 
spicuity it is desirable to place a number of similar particles or bodies in 
all the positions, throughout some considerable space, to which one of 
them would be moved by the various movements constituting the group. 
When this is done the kind of symmetry presented by the system formed 
of the group of movements can be readily perceived,*^ and at the same 
time the nature of the parts repeated can be left an open question. 

If it be desired by the crystallographer to find in a given homogeneous 
system a complete set of identical planes by means of the group of move- 
ments proper to the system, the following course may be adopted. 

Take three points — A, B, C — whose identical relation to the system 
is such that the aspect of the unlimite^d structure is the same aud preseuis 
the same orientation viewed from each of them, and let their distances 
apart be not great as compared with the minimum distances sepaniting 
homologous parts of the structure. The repeated carrying out of the 
three translations — AB, BC, CA in both directions — will locate an infini- 
tude of points lying in the plane of the three points, and all having 
precisely the same relation to the structure as that presented for the latter. 
This plane may therefore be designated a homogeneous plan(\^ and since 
the translations of the structure are not infinitesimal, it is easy to prove 
that a plane so situated will obey the law of the rationality of iiifliccs 
when referred to axes which pass through strings of identical points. ' 
When such a plane is subjected to the various coincidence-movements 
constituting the group characteristic of the structure, an infinite set of 
planes is found, which all have an identical relation to the structure. 
The number of ditferent orientations presented by the planes is limited. 

Sohicke, 

The treatment of homogeneity of structure by Jordan s method leads 
to a classification which discriminates the various types of identical 

* See below, p. 1115. Cf. Krystallsysteme u. KrystalUtructur, pp IJCO and ()3() ; 
also see above, note 3, p. 298. 

* It is interesting to notice that Jordan docs not appear to have regarded his 
work as throwing any fresh light on crystal structure, but treats li ravais’ work as 
complete in this direction. He says: ‘M. Cravais has studied this question; the 
particular cases which he has discussed, and of which he has made a remarkable 
application to crystallography, are the most important. Kevertheless I believe 
there is at the present time some interest in treating the problem quite generally.’ 
{Mhmire sur les Orovpes do Movvemejit,% p. 168.) 

^ See Mtn. Mag., 1896, xi. p. 119, and see below, p. 333. 

See Phil, Mag., 1901, series 6, i. p. 19. 

® The hypothesis with regard to crystals is that their faces lie in homogeneous 
planes. See Bravais, Etudes CrystallQgragyhhjues, p. X03. 
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The assemblage of Bravaia is therefore clearly identical with the 
parallelepipedal network of points already referred to, which had been 
investigated by Frankenheim.‘ 

2. The modifications of these types of symmetry which are introduced 
by employing, in place of the points, symmetrical figures {polyMres) 
possessing a symmetry less than that of the parallelepipedal network,^ 
though compatible with it — c.g.^ by forming a cyuhic network of tetrahedral 
particles similarly and appropriately orientated. 

Thus in following Bravais’ arguments with regard to assemblages we 
note that, as a rule, he ignores for the moment any modifying or destruc- 
tive effect exerted by the shape of the units (polykires) on the elements 
of symmetry.'^ He first treats a system as consisting only of the centres 
of the units, and after the elements of symmetry of tlie system thus re- 
garded have been established, he considers the effect of the shape of the 
units ; ^ this comes out in his definition of ‘ faces de meme espece.’ He 
says : ‘We will distinguish by the term, faces of the same kind, as we 
have done in the theory of assemblages, those which can be brought into 
coincidence, row on row, by a suitable rotation or translation, the coin- 
cidence of the faces including with it that of the assemblages. If, more- 
over, the coincidence includes also that of the molecular polyhedra 
which may be supposed to lie on the planes of those faces and to par- 
ticipate in their movements, wo may say that the faces are of the same 
kind, and, moreover, identical.' The bodies employed as units have 
in every case uniform orientation and one which is as symmetrical as 
possible. 

As to the number of kinds of .symmetrical arrangement possible 
included under the first head, he says : ‘ The degree of symmetry of 
an assemblage is cliaracterised by the number of the axes of symmetry 
which it possesses, the order of tluj symmetry of these axes and their 
relative situation.' As stated above, he distinguishes fourteen forms, 
and assigns these to seven classes or systems, according to the number 
and nature of the axes of symmetry which pass through a given node 
(piceud) or point of the space-lattice.'^ The anorthic space-lattice of 
fig. I possesses only ceiitro-.symmetry ; if its angles were all right 
angles it would possess the symmetry of the ortiio-rhombic system ; 
if, in addition, its edges were ccjual it would be a cubiu lattice. The 
similar bodies are called by Jiravais in his later work polyhedra 
( polyedres) ; in his earlier work on point-systems he speaks of them as 
summits (somviets)^ and sugge.sts that for convenience of thought they be 
regarded as having some small dimensions. Their size and shape are, 
however, in this work generally kept in abeyance, although, before 
concluding, he refers to the important effects of their shape or composite 
structure in producing hemihedral and other partial forms. ^ Indeed, 
according to Bravais' view, the symmetry of the assemblage is actually 
determined by that of the molecule or unit.-' 

* fjtuJes CrhfaVograpldques, p. 103. * Ihid.^ p. 101. * Ihid., p. i03. 

^ This method has been pushed to its extreme by Wullf and Rlasiu.*?. Comp, 

Schbnijics, Kry stalky interne u, Krystallsfrnctur, p. 320, 

* JCtndcs CristalLtyraptiiqncs^ p. lOG. ^ p. 104. 

’ Compt, Rend., 1840, xxix. p. 135. 

» Jhid., 1848, xxvii. p. 603. Comp. Journ. dc ViScole Polyteohniqnc^ 1850, xix. p, 
127 ; and Etudes Crutalloyrapliiques, p. 103. 

* J^tndcs Cristalk>yraphiqneSf p. 202. 
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Hence the points of the Sohncko-system may always be grouped together 
in sets such that the centres of gravity of the sets constitute some space- 
lattice. The law of rational indices is, therefore, applicable to a Sohncke- 
system as well as to the space-lattice. 

Fig. 5, for example, represents a Sohncke-system of points possessing 
screw-axes of hexagonal symmetry at B, C, D (No. 46 of Sohncke’s 
treatise). A point is brought into coincidence with a neighbouring 
point by giving the system a rotation of 60° about one of these axes, 
accompanied by a translation along the axis. 

If every set of six points, such as c,, ^2, C3, c/, c.,', C3', be regarded as 
grouped about a single point at their centre of gravity, y, the Sohneke- 
system of fig. 5 can be treated as composed of groups of six points whoso 
centres form the space-lattice of fig. 6, in which the points all lie at equal 
intervals on straight lines. ^ (The lattice of fig. 6, like that of fig. 2, 
possesses trigonal axes.) The Sohneke-system may therefore be regarded 


Fig. 5. 



as consisting of six similar lattices constructcul from c,, r.,, c.j, c/, c./, c.,' ; 
the plane.s whose directions are given by any such points as /3, y, I form 
a crystalline system of planes which obey the law of rational indices. 
They may, therefore, be taken to represent the faces of the crystal. 

In such systems, and in others to be described below, it must be 
remembered that the points of the figure may represent merely liomol(»gous 
points in the material of which the crystal consists, whatever may be 
the nature of that material ; it is not necessary to regard them as repre- 
senting atoms or molecules, or as presupposing anything relating to 
atoms or molecules. 

' A lattice formed of points vertically midway between the points of the one 
figure applies equally well, since the points of the Sohneke-system can just as 
symmetrically be allotted to form groups having these other points as centres. 
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Further, it must be noted that the system of coincidence-movements 
of fig. 5 does not necessarily possess any planes of symmetry. The mere 
Sohncke-system of points or a system of spheres placed at the points of 
fig. 5 would possess planes of symmetry, but a parallel system of un- 
symmetrical pear-shaped bodies would not. 

The application of Bravais’ method to a system of this kind is incon- 
venient because it is impossible to partition it into identical same-way 
orientated units of any kind without lowrriivj ilut. synwif^fry hy the act of 
jmrtitioulng , Thus in the case in question an hexagonal axis is impos- 
sible for the unit because the hexcagonal axes present in the system are 
none of them mere axes of rotation, and, therefore, the moveinenis about 
them are incapable of bringing any conceivable unit to coincidence with 
itself. This renders some important conclusions of Bravais inapplicable 
to such a system. Thus he argues that in all hololiedral crystals the 
molecular polyhedra possess the same axes and planes of symmetry as 
the assemblage. Now the system of hexagonal symmetry just described 
becomes hololiedral if it consists of points or spheres lying on planes 

Fn;. (I. 



drann through the nearest hexagonal axes^ and yi^t, as just remarked, no 
kind of partitioning can produce in it units liaving hexagonal axes. 

Ilegarde,d as an investigation of the total number of ways in which 
identical repetition can take place, and, therefore, as an investigation of 
the number of types of homogeneous structure so obtainable, Hohneke^s 
work is exhaustive and complete, lie begins without any assumption 
involving knowledge of pnwious views or motliod.s, and rigidly deduces 
the total number of types just mentioned.^ llis method, however, is not 
free from objection, since, in order to account for the tliirty-two different 
classes, he is, like Bravais, driven to make the symmetry of a system 
depend partly on the arrangement of the ultimate parts or atoms and 
partly on the configuration of these atoms, lie treats the parts repeated 

' See ift., p. iv. : * . . . ich die ganzo Untcrsuchung, soweii .'^ie auf Krystallographie 
Bozug hat, selbststiindig von vorn anting, naturlich uiit Bcnulzuug dcs bewahrteu 
Grundgedankens tier Jordaffschen Methode.’ 
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as points or particles of perfectly regular (spherical) form, or at least 
ignores their polarity if they have any, and, as a consequence of this 
supposed regularity of the atoms, he attributes to some of Jordan ^s 
systems an additional element of symmetry not 7iecessarihj involved by 
their coincidence movements. Thus he regards some of the sixty-five 
types as necessarily possessing planes of symmetry.^ When, however, he 
comes to speak of liemimorphous crystals, i.e., those which are differently 
terminated at opposite ends of an axis of symmetry, lie follows the 
example of Bravais — at least in his earlier writings — and resorts to the 
supplementary hypothesis that the molecules possess polarity.*^ 

The problem which Sohiicke sets himself to solve is, then, the con- 
struction of all kinds of regular — i.e , homogeneously arranged — assem- 
blages composed of sets of identical particles, the shape of the particles 
being ignored, or, in other words, treated as quite regular, i.e., spherical.'* 
If he had succeeded in forming on these lines simple assemblages among 
ivhich were represented all the thirty-two classes of crystal symmetry^ his 
work would have been consistent with the supposition that crystals 
consist in every case of a single kind of molecule whose shape and 
constitution are destitute of polarity, the symmetry of the structun^ being 
entirely determined by the relative situations of the molecules, lie did 
not, apparently, at any time hope to completely achie.ve this, for ho 
admitted the necessity of a supplementary hypothesis to account for 
hemimorphism ; but, save for the few cases of this property, he appears, in 
the first instance, to have hoped to reach an adecjuate theory basial solely 
on the relative position of the molecules, without taking account of their 
shape. 

The insufficiency of Sohncke’s earlier theory that the molecules 
are perfectly regular and all of one kind, and idrnfically related to the 
structure as a ivhole, was presently pointed out by S(iveral writers, among 
whom may be mentioned Wultf ’ and Haag,*’ the former in particular 
having called attention to the existence of certain known crystal forms, 
namely, those pos.sessing the symmetry of the mineral dioptase, wliich 
are not found represented among the sixty- five systems. 

Sohneke himself subsequently confessed the inadiajuacy of the theory 
in c|uestion,^ and was led to enlarge his method. Thus, after i*‘\ie\ving 
some examples of more generalised point-systems devised by Wollaston, 
Barlow, and Haag, he suggested the following modified theory : — 

Instead of regarding the spherical particles or points composing a 
homogeneous assemblage as all of one kind, hit a limited number of kinds 

* Zeits. Kryst. Min., 1892, vol. xx. p. 448. 

Entwicliclang evner Theorie, etc., p. 200. 

® 8ec Wiener’s definition of homogeneity in (hnnehuge dor ^yeUor(ln\irg, p. 82 
et seq. Cf. Min. Mag., 1890, vol. xi. p. 120. 

* Comp. Krystallsydeme iind Kryxtalhtrnctur, pp. 595, 59G, and p. 012. Sohneke 
says {ZeitK. Xryst. Min., 1892, vol. xx. p. 452) : ‘ 1 liave always (ionsidcred the elemen- 
tary particles to possess only so much symmetry that they do not disturb the sj mrnotry 
of the point-system.’ The effect of this is that, so far as the general symmetry is 
concerned, they behave as though they were spherical. 

^ ‘Ueber die regelmassigen Funktsysteme,’ Zeiis. Xryst. Min., 1888, vol. xiii. 
pp. 503-5G6. 

Die requhiren Xtystallkorper, Rothweil, 1887 (see reference in Zeits. Xryst. 
Min., 1888, vol. xvi. p. 501). 

‘ Bemerkungen zu Herrn Wulfl’s Theorie der Krysiallstructur,’ Zeits. Xryst. Min., 
vol. siv. 417. See also ‘ E^:weiterung der 'fheofie der Krjrataljstructur,’ it)., p. 
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(1, 2, 3, or n) be present, the component assemblage formed by each 
kind, taken by itself, being homogeneously arranged, and all the different 
kinds possessing identical systems of axes and having the same set of 
translations common to theni.^ 

Sohncke’s aim is, as has been said, to produce the requisite varieties 
of symmetry by arranging regular or spherical particles homogeneously. 
This he succeeds in doing by his enlarged method, and is now able to 
cover the cases of heminiorphism.^ Instead, Innvever, of merely stipulating 
that the component point-systems shall have the same trniLslations common 
to them, and possess identical systems of axes, he ought to have stipulated 
that they shall have all their volncideiice-'iiioceuieiits in common.’^ 

For all the coincidence-movements which characterise the combined 
system as a whole must obviously be obeyed by every particle within it, 
and it is oidy these movements which really belong to the component- 
systems as found in the strn.rtare. In other words, if there are other 
coinci(lenc(;-movements in ad<lition to these, M liich a set of points would 
have if taken ahnu\ such movements must for the comljined system be 
regarded as non-existent, and oidg those points of sxich a set v'ill hare 
identical ])ositions in the entire sgstem 'ivhich ran he hronght to col neulence 
hg the. surviving niuvnnents, i.e.^ by those which characterise the structure 
us a whole. After making this distinction it will usually be }) 0 ssible to 
detect two or more different kinds of points forming two or more different 
subsidiary point-systems, which must be counted s(‘}>arately, as many 
sy.steins Ix'ing discriminated as there are vaiieties of position of the 
points. W’hen this is done the various different point-S} stems present 
will have all their coincidenc(‘ nu)vements in common, these movements 
being those characteristic r)f the combined sy.stem as a wdioh*. 

Ilefer(*nce to an example m.ay make this clearer to those wdio are 
familiar with Sohneke’s treatise. Let tw’^o point-systems (o and b) be 
taken, each of which, wdien rc'garded apart from tlit3 other, presents the 
same instance of type No. 2 of Sohneke, and wdiich have their systems of 
axes and their translations identical ; let tliem be combined in such a 
way that they are sameway oiientated ami have tin* two sets of points 
lying in tlie .same planes, but with the axes distinct. See lig. 7, in wliicb, 
to distinguish the two systems, one (h) is represented in dotted lines. 
Either system consists of a series of equidistant parallel planes, each 
beset with pjirtiele.s in llio same Avay ; and the diagrajii is oin* such plane ; 
tlio j)oints in the succeeding ]>laiu’s lie v(‘rtieally below those in the 
diagram. Then the combination thus formed must be regarded as con- 
sisting of four separate point-systems, not of tw’o only, for tin* positions in 
the composite structure occupied by the points are ot four different kinds. 
Each of the four sets is destitute of axes ; the composite system has 
merely the symmetry which it would liave had if constructed of four 
distinct ]>oint* systems, each possessing the translations common to the 
tw'o initial sy.stenis, and consisting of points lying in tin* same planes. 

In Sohneke’s w’ork rigid geometrical results are closely interwoven 


* Zeits, Kryst. 1S8S, vol. xiv. p. Comp, ih , ^o]. xx. p. IsG. 

* For further applications of his method fcce *Zwci rheorien der Ivryslallstruclur,’ 
Zeits. Kryst. Min.., vol. xx. p. 4r>5. 

* Sohneke was dispo.sed at fir.st to make this stipulntioii, but did not perceive its 
necc«!siiy; he afterwards definitely adopted the les.s jneei^e one to which objection 
is hero taken. Comp. Zeits. Kry»t. J/bn, 1888, vol. xiv, p. Ill, and 1892, vol. xx. 
p. 45G. 
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with theoretical considerations relating to systems of regular particles, 
and the very title of his principal treatise, ‘ Entwickelung einer Theorie 
der Krystallstruktur,' shows that he addresses himself rather to establish- 
ing a physical theory than to the demonstration of a set of purely 
geometrical propositions. From the geometrical point of view, his 
investigation constitutes, as has been said, a completion of Camille 
J ordan^s work, already referred to : he has traced the symmetrical features 
of the various infinite groups of movements described by the latter, and 
has discovered a number of additional groups which J ordan had over- 
looked ; ^ so far his work is :■ I* **;. '.: a mathematical demonstration, 

not a plausible theory. Jordan’s groups of movements constitute purely 
geometrical configurations, and their symmetrical features are perfectly 
definite and traceable ivithout posfulathig the nature of the structure which 
repeats itself throiujhout sj>ace ; it is not essential to the geometrical 
reasoning that this structure shall consist of a Sohnckian assemblage of 
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discrete particles separated by void spaces ; - its constitution may indeed 
remain quite undefined, so long as it is capable of the requisite coinci- 
dence-movenients. 

With Sohneke, however, the crystal element is not devoid of a certain 
hy[)i)tin‘l ical character, as is shown by his emj.lMvme.'n of an arbitrary 
fundamental proposition {(rmndsatz).'' This asserts that the symmetry 
displayed by a crystal cannot be lower than that of the ])oint-system, 
according to wliich the centres of its elernerit/iry particles i^K ry stall bau- 
steine) are arranged. Evidently the cflect of such a provision is to insist 
on the regularity of form of these elementary particles or to treat their 
shape as a factor. As Hohneke contends that this provision is 

a physical, not a geometrical, necessity it is obvious that his particles are 
not mere geometrical space units ; indeed it is always possible so to 

* Entwichehing einer Thcoric der Krystalhlruktiir, p. 26. 

The plausibility of the conception of discrete particles or centres of force is 
generally admitted ; the point here insisted on is that this conception is not essential 
to the geometrical reasoning under review. >See Min, Mag.^ vol. xi. p. 120. 
Comp. und KrystalUtructvr^ p. 237. 

® Zeits. Argst. Min., 1892, vol. xx, p. 447. 
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partition a homogeneous structure geometrically into identical units that 
the symmetry of the system shall be determined solely by the arrangement 
of the units, and not at all by their shape,* and therefore, as applied to 
such units, Sohncke^s fundamental proposition would be universally true, 
not, as ho puts it, a limitation {Beschrdnkimg),'^ 

Sohncke states the aim of his investigation in these words : ‘ I 
might rather regard this aim to be the evolution from the simplest and 
most evident axioms by logical methods such conceptions as to the build- 
ing up of crystals from their molecules as are in strict agreement with 
observed facts, and may, therefore, be regarded as natural.* ^ 

He adds the remark that the non-acceptance of his fundamental 
proposition and his conclusions is justifiable if they are held to be 
improbable. This is not language which would be appropriate to pure 
geometry. 

Mirror •‘Image Itepetltion, 

We now come to a very important departure in the investigation of 
crystal structure. Jordans conception of infinite groups of movements 
leads, as we have seen, to identical repetition of parts extending through- 
out space. It has been pointed out tliat it is possible to draw in eacli of 
these groups, or in the systems formed by their means, sets of planes 
identically related to the group or system regarded as an infinite whole ; 
hereby is provide<l a purely geometrical method of defining homogeneity 
of structure in a perfectly general manner, which would be of interest to 
mathematicians if no such body as a crystal existed ; but, further, the laws 
of symmetry which govern the relative arrangement of the identically 
corresponding plane-directions present in a homogeneous structure are 
also established. Crystals, however, display not only identity of parts, 


‘ Sec Phil. Mag.., scries (>, 1001, vol. i. p. 7. 

“ /('its. KryU. Min., IHO‘2, vol. \x. p. -HS ; cf. M'ni, May.y 1890, vol. xi. p. 125; 
also St;ht)n(lies, Knjstallsysteme and Krystal id r net p. 

That Sohncke regards tlic ciystal elements whose centres furnish the points of 
his point-systems, as cither cheniical njolccnles or aggregations of such molecules, 
an<l not as mere geometrical units, which may he Imt fractions cf molecules, is 
proved by the words he employs in introciucing hi^ liypothesis as to the nature of a 
crystal. Thus he says (j). 27 of his Knttvic1iclnny cijicr Theoric, &c.) : ‘Es ist 
naliiiL'crnii.-x, einen Krystall in regehuussiger Weise aus lauter kongruenten Gruiulge- 
bildeti odtM- Krystallelmenten aufgobaiit zu donken, vtm denen es allerdings unent- 
schieden bleiben muss, ob sie die aus Atomeii zusammongesetzten chemischen 
Molckeln selbst. odor Aggregate von solcben sind . . . von jedem Kry.stallclcmcnte 
wird nur d(T Schwerpunkt in Hetracld gezogon. . . . Fiir die folgcnde geometrische 
Untcrsuchung ist also der Krystall durch ein Sy.stem diskreter IMashcnpunkte ersetzt, 
in welchem es .sornit stetsoiiun kleinsten Punktabstand giobt.’ 

If Sohncke had meant to allow the emplovinont of merely geometrical units as 
crystal elements, he would douhtless have used some such description of tliem as 
that which he has given of Haii>’s ‘molecule .*<ou.slraetive,' of which he says (p. 12) ; 

* Dieselbe hat niimlich zwar cine bcsiiminto geonielrisehe, aber keine konsequent 
festgehaltcnc physische Jledcntung; bald ist sic <lic wirkliche physische, bald nur 
eiiic zu Konstruktionen bcqueiiie geometrische Kinheit.’ 

That he perceived the possibility of employing merely geometrical units is, 
however, in evidence, for he says (p. 14): ‘Bedenktman . . . dass Dclafosse und 
Sceber nichts anderes getlmn haben, als die paralloUqupcdischgestaltete substraktivo 
Molekol Ilaiiys durch ihren Mittelpunkt, resp. durch eine kleine ihn umgebende 
Kugel zu orsetzen, so muss man anerkennen, class <lie Haiiys’chc Theorie hierdurch 
ganz irn Geistc ihres begi tinders fortgebildct worden ist und dabei wcsentlich an 
Konsequenz und Einfachheit gewonnen hat.* 

* Zeits. Kryst. Min.^ 1892, vol, xx. p. 156, 
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but alSD, ill the majoritj of cases, enantiomorplious similarity j for, -ttrhilo 
in some few crystals the similar faces always bear an identical relation 
to the whole, in most there are faces that occur in pairs (like a 
right and left hand), the two individuals of which are enantiomorphously 
not identically related to the crystal form. Unless this additional factor 
of enantiomorphous similarity of parts be in some way introduced,^ 
Jordan’s method gives only the systems of repetition which belong to 
one or other of the classes of crystal symmetry in which the similarity 
is all identity, i,e., only such as are enantiomorphs. This signiticant 
fact is revealed in the work of the two inquirers, von Fedorow and 
Schonflies, who established independently and simultaneously that a 
definition of the symmetrical repetition of parts which includes eiiantio- 
morphous similarity as well as identity of parts leads to types belonging 
to all of the thirty-two classes of crystal symmetry.*^ 

Pierre Curie shares with the two writers mentioned above the credit 
of having established the general principles of repetition by which the 
symmetry, whether of finite figures, or of systems of figures, or of struc- 
tures, may be completely investigated. He set himself to consider more 
general arrangements of points than those dealt with by Bravais. These 
points may be endowed with qualities independent of tiirection, such as 
density, temperature, or with ([ualities requiring tlu^ most varied ideas of 
direction and orientation, such as velocity, force, intensif y of an electric 
or magnetic field, intensity of power of rotation.* (Tin' homogeneous 
arrangements thus obtained are not all crv.stallographically possible, 
a sphere filled with a rotating liquid.'’) There are two kinds of repe- 
tition— one whicli leaves evcrytliing identically the same as before 
{d(^ placements indifferents) and another in which the units of one part of 
the system are the mirror-images of those of the other {.lysthnes t<ipne- 
triqiies Vim de Vauire *’). Curie was the first to emphasi.se the necessity of 
considering, in addition to ordinary axe.s and planes of symmetry, axes 
and planes of alternating symmetry {plans de symvfrie aJterne, plans de 
syniUrie translatoire alterne "). Although the 2'iO classes of crystal struc- 
ture obtained by Schonflies and Fedorow may be deduced from the prin- 
ciples established in his papers, Curie limits himself to deriving the 
thirty-two varieties of external form which are crystallographically pos- 
sible.*^ 

Another writer of this date of whom mention should be here made is 
B. Minnigerode, who arrived at the tliirty-two classes of crystal systems 
by means of the theory of groups and substitutions.'* 


* This is very clearly brought out by Story-Maskelyno in bis Mn'j}lwh,\fy of 
CTystals, Oxford, 1895, p. 99, wliere the terms ‘ metastrophic ’ and * aiitibtiophic ’ are 
employed to distinguish the two sorts of relation.s. 

The discovery of these thirty-two clasnos by the morphological cr}>tnllo- 
graphers had in tact been due to the use oE planes of symmetry and centre of 
symmetry as the basis of their reUsSoning; and these elements, of course, contain the 
conception of enantiomorphous relationship 

* ‘ Sur les questions d’ordre : Ilep6tilions,’ Hull. Soc. Min.f 1884, \ii, pp. 89-111 ; 
‘ Sur la Symetrie,’ ib., pp. 418-457. 

^ 7&., p. 89 * Th.,p. 443. 

« Ib., p. 90. ’ Ib„ p. 452. « Ih , p. 454. 

® ‘ Untersuchungen iiber die Symraetncverhilltnisse und die Klasticitat der Krys* 
talle,’ iV'ac/tr d. k. Ges. d. Gottingen, J884, pp. 195-22(3, 374-384, 488-492 ; 

* Untersuchungen iiber die Symmctrieverhaltnisse der Krystalle,’ Kcnes Jahrb.y 1887 ; 
Beilage, Bd, v. pp. 145-166. 
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Schonflies, 

Though Arthur Sclihnflies was not actually the first to establish the 
existence of the 230 classes of crystal structure, his writings have been 
the means of making this final development of the subject generally 
known to the scientific world.^ ITis work, which was but little later than 
that of Fedorow, and is quite independent, culminates in the book ‘ Krys- 
tallsysteme und KrystallstructUr,* In which he establishes with the lucidity 
and rigidity of the skilled mathematician the thirty-two classes of crystal 
symmetry and the 230 classes of crystal structure, and discusses at length 
the question of the partitioning of space. Tt will be convenient to con* 
sider the work of Sclninflies in some detail in order to treat that of the 
remaining authors brielly, since many of their results are the same 
as his. 

He adopts Wiener’s definition of regularity of structure wnth this 
difference : instead of saying that every molecule of an assemblage has 
the remaining molecules arranged about it in the same iminner, he says 
that ev'ery molecule is surrounded by tlie rest collectively in Hkn nianner, 
where ‘likeness’ of the grouping can either amount to identity or be 
mirror-image resemblan( <*.^ The following is an example of the distinc- 
tion between these two kinds of resemblance : the two points occupy 
situations with respect to the cube (fig. 8), which are merely alike, whereas 


Fig. 8. 



and p arc identically placed ; the cube presents exactly the same 
appearance when %iewed from either of the latter, whereas in the case 
of and q the two aspects bear the kind of relation that a right hand 
bears to a left, or an object to its image as vie\sed in a minor. The 
aspects of the figure from the points *^*'d q may be called enantiomor- 
phous with respect to each other, and any operation wliich involves such 
a relationship may be called a mirror-image oj)eration. Schonllies’ 
method is to add to the movements employetl by Jordan such processes 
of inversion and reflection as can be applied to his groups of movements 
without increasing the number or modifying the character of the actual 

* ‘ Beitrag zur Thocrie dor Kryatallstructur,’ Nachr. h. Oe,^. d. , Gottingen, 

1888, pp. '1S3-501 ; * Uberda' ..n i.m Verlmlinbs <Ur 1 hcoricn fiber die ISiructur 
der Krystalle,* ih., 1890, i)p. h: tnid Arystallatruitur^ Leipzig, 

1801 ; ‘ Beiiierkungen fiber die Tlieorie dcr Krystallstnictur,' jfliym. < hcm.^ 1802, 
)x. pp. 156-170; ‘ Antwort auf den Artikcl des Hcrrn Sohneke ; /wei Thcorieen der 
Krystallstructur,’ i7;., 1802, x. pp. 617-625 : * Beiiicrkiin^cn zudem Artikeldes llcrrii 
E. von Fedorow, die Ziisaramenstelluiig seiner kry.stallographischen Kesultate und der 
nieiiii ren betrclb nd.* Zeits Kryst. Min,, 1802, xx. j)p. 2.j0-2r)2 ; ‘ Unippentheorie und 
Kry'iiill-.grtpliic.* Congress Mathematical Pa pers^ I 'hhiajo exhibition^ 1803. 

* Schonllies, Krystallshsteme und KrysialUtructur, p. 230, 
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movements. He thus constructs composite groups of operations which 
act throughout space, but comprise, in addition to J ordan’s groups, cer- 
tain mirror-image operations with respect to series of parallel planes or to 
systems of centres of inversion.^ He calls the groups of operations, 
whether those of J ordan or those added by himself, ‘ space-groups ' {Maum- 
gruppen).'^ 

As in the case of Jordan’s groups of movements, the symmetry of 
any given group is rendered easier to trace if a number of similar par- 
ticles or bodies are placed in all the positions, throughout some consider- 
able space, ill which they would be located by applying all the operations 
of the group to some particular body. In order to accomplish this, in 
the groups which contain mirror-image operations similar right-handed 
and left-handed bodies will have to be employed in equal numbers.^ 

It may be maintained that the likeness of parts thus defined by 
Schdnflies, involving as it does two distinct sorts of resemblance — 
identity and eiiaiitiomorphous (or mirror-image) similarity — should 
scarcely be called, when taken collectively, homogeneity of structure ; 
it would be well, perhaps, if it could be expressed by some new word of 
wider significance. 

Generation of the Various Groups of (Raumgruppen). 

Schonfiiies employs a symbolic method in order to deduce the various 
types of possible groups of operations. 

The following propositions indicate briefly the method pursued by 
him, without introducing his symbols : — 

1. Only such of Jordan’s groups of movements as contain a group of 
translations which all bear finite (and not infinitesimal) relations to one 
another, and are, therefore, capable of producing a space-lattice {Raum- 
gitter), can obey the law of rational indices ; and are, therefore, available 
for the crystallographer. * It is only to these groups that Schonllies 
applies mirror-image operations."’ 

2. The complete set of translations thus forming part of a Schonflies 
group of operations must be brought to coincidence with itself {Deckinig) 
by every other operation of the group/* 

3. In addition to planes of symmetry, simple axes of symmetry, and 
the screw-axes of Sohneke, Schonflies (like Curie) introduces ‘ planes of 
gliding symmetry ’ {Gleitebenenf as another possible mode of repeti- 
tion that can be employed in a group of space- operations. A plane of 
gliding symmetry is the result of combining reflection over a plane 
with a translation parallel to that plane. 

4. If a given translation, T, be transposed by the operation of a screw 
axis into another translation, T', T is also thus transposed by the opera- 
tion of a simple axis of symmetry iiaving the same situation and angle of 
rotation. 

' Schonllies, Krystallsystemp, und Krystallstrvctur, pp. ,'134 and 550. 

^ 7/y., p See jMm. 1896, vol. xi. p. 119, and see below, p, .TIS. 

^ KrystalUysteme und KrystalUimctnr^ pp. 360, 636. * Ih , pp. 300, 301. 

« Ih., p. 36i}. Schonflies calls sub-groups of operations which have this property 
ausyezcioJinete .■ 

’’ Ib., p. 307 " ■ ■ - calls that one of the various possible movements about 

a particular axis which has the smallest angle of rotation and the smallest positive 
translation the ‘ reduced movement ’ (redneirte Bewegung), 
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5. Similarly, if T be transposed into T' by the operation of a plane of 
gliding symmetry, T is also so transposed by the operation of a simple 
plane of reflection having the same situation. 

6. Hence, corresponding to any given group of operations containing 
screw axes or planes of gliding symmetry, there exists another group of 
operations which effect the same changes of direction, but whose elements 
of symmetry are axes of rotation or planes of reflection, and these are 
such as belong to a space-lattice. 

7. From this it follows that in the groups of space- operations the 
only axes found are those of the orders characteristic of space-lattices, 
i.e.j digonal, trigonal, tetragonal, and hexagonal axes. 

The relations between groups of space-operations {Raumgruppen) of 
different types can be traced by means of the similar relations subsisting 
between allied (‘ isomorphous ’) types of symmetrical operations effected 
solely about a single point or ‘centre’ (Punktgruppen) ; ^ the latter, 
since the kinds of axes admissible are limited as above, are those which 
characterise the centred forms of the thirty-two types of crystal sym- 
metry. 

Two operations are termed by Sclumflies ‘ isomorphous ’ when their 
planes and axes of repetition have the same directions and the angles of 
rotation of the latter are the same. 

A group of space- operations and a group of centred operations are 
termed isomorphous when every operation of the former is isomorphous 
with an operation of the latter. 

By this metliod of comparison it is shown that every one of the groups 
of ‘ space-operations ’ involves the general symmetry wliich governs the 
symmetry of repetition of like directions in one or other of the thirty-two 
classes of crystal symnnitry. 

The mirror-image of a screw movement is a similar movement of the 
opposite liand. Among the groups of operations corresponding to 
Sohnekes vsixty-live systems wliich contain screw movements, only 
such as possess screw-axes of two opposite hands can be utilised for 
the purpose of deriving groups of space-operations containing mirror- 
image repetition : such arci (1) those which contain screw-axes whose 
trai\slation component is equal to a half -translation ; - (*J) those which 
contain for each screw-motion in one direction an equal screw-motion in 
the opposite direction. 

By applying the above principles Schoullies is able to show that the 
sixty-five systems of Solmcke are increased to 230 groups of operations, 
all of which, from what has b(»eu said, must belong to one or other of the 
thirty-two types of crysbil symmetry. 

A complcU^ set of similar plane-directions may ho drawn in a 
Schdnflies group of operations, in a way similar to that already indicated 
for finding identical planes in one of J ordan’s infinite groups of move- 
ments,^ Thus : — 


* KryHiilhysteine umt Kri/sfalUintchfr^ ppi 359, 351, 374 ^ 378, 383. 

* Tiiis case is illustrated by fig. 5, in which the translation component of the 
axis C (necessary to derive c/ from (?,) is one lialf of the translation r," belonging 
to the system. Successive points may be regarded as lying cither on a right-handed 
spiral (as c/ r/') or on a left-handed spiral|(as r, <•/ r/'). 

* See above, p. 312. 

y 2 
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In the given group of operations draw a homogeneous plane in the 
manner defined above ; ^ this plane will, since the translations of the 
group are not infinitesimal, ^ and develop space-networks, obey the law of 
rational indices. 

Apply to the plane thus drawn the operations of the group ; the 
result is the of a system of planes symmetrically distributed 

through space, ail oi which are similarly related to the structure regarded 
as without limits. If mirror-image repetition be not found among the 
operations of the group, this similarity will amount to identity ; if, on the 
other hand, enantiomorphous operations are present, the planes will form 
two equally numerous sets, the relation of the one set to the whole being 
enantiomorphously similar to that of the other set.*^ 

Since all the components of the operations of the group which are 
mere translations are without effect on orientation, the number of 
different orientations presented by the planes will be strictly determined 
by the remaining components, and therefore limited.* As the component 
operations of the given group which affect orientation are those charac- 
teristic of some one of the thirty-two classes of crystal symmetry,'* the 
number of orientations presented in the given case will be the same as in 
such class ; ^ i.e.^ there will be as many infinite sets of parallel planes as 
there are different orientations. The planes of each set, since th(*y have 
to obey the translations found in the group, will be equidistant. Among 
the 230 different types, there are many in which it is possible to select 
from the set of planes one of each orientation in such a way tliat the 
planes selected enclose a space, but in some only of tlie types thus charac- 
terised can the planes be so chosen as to outline a symmetrical polyhedron 
whose axes are axes of the system ; for the remainder centred enclosures 
of this symmetrical character are impossible.^ 

With the aid of the above conception of a system of similar planes it 
is not difficult to verify the following pi-opositions ; — 

1. The application of an additional movement or t*naniiomorphou 3 
operation to a group, provided the system of axes, planes of symmetry, 
and other features essential to the group are brought to coincidenecr 
(Deckunff) by this new operation, will lead, when the latter is completely 
combined in every possible way with those previously present, to the 
evolution of a derived Hchonflies group of operations.'^ This derived 

* See above, p. 312. Tlie direction of the plane is not to be a specialii>ed one, 
except so far as premised by the definition: this will ensure that every c»peration of 
the group shall effect a change of position of tlic plane. 

* See Kryatallsy Sterne und RrystaJlstructur, pp.SGO and C3C, and Proposilion (1) 
above. 

® Cf. KrystalUysteme %ind Krystallstructnr, pp. 361, 362. 

^ iJ., p. 363. Cf. Prop. (6) above. 

* Cf. Ih., pp. 363-361, 599, and 637. 

® Cf. Prop. (7) above and Phil. May.., 1901, series 6, i. p. 21. As is the case in 
some of the latter, planes inclined at 180° will be distinguished from one another, 
the two sides of a plane being discriminated 

fy. p. 31. As all the existing evidence as to the ultimate relative .situa- 
tion of crystal faces concerns direction the question whether in a given 
system of similar planes regular polyhedral cells are present or not docs not 
as yet affect the crystallographer. 

® inr nnd KrystallstriiotUT, p. 383. Rchonflies sums up his method 

in the following fundamental proposition : ‘ Liisst sich die Punktgrtjppe G dnrcU 
Multiplication einer Gruppe G, mit einer Operation V erzeugen welehe das Axen- 
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group, as compared with the group from which it was obtained, will in 
different cases present — 

a. A greater number of orientations of the planes belonging to the 
derived system. 

h. The same number. In this case the change will consist solely in the 
increased closeness of the planes of a set, and the type among the 230, 
which is exliibitcd, will sometimes bo different, sometimes the same. 

The converse proposition is — 

2. The withdrawal of some operations from a group, entailing the 
symmetrical omission of some of the sets of parallel planes, or of some of 
the planes in each set, leads to the derivation of a distinct group of 
operations. There will in different cases be — 

a. Fewer directions of orientation for the planes in the derived group. 
f3. The same number of directions, associated in some cases with the 
prosfjrvation of the same typo, in some cases with the development of a 
different type among the 230. 

As a simple example of the application of the principles established 
above considc'r the hemiiiKjrplious class of the monoclinic system.^ It 
possesses an axis of two-fold symmetry, which in the space-group may 
apj)ear as an axis of rotation or as a screw-axis. Now, in the monoclinic 
system there arc two lattices : one rhomboidal and the other composed of 
rhomboidal prisms with cemtred faces. We obtain two groups from the 
former by combining it witli an axis of rotation, and with a screw axis ; 
from the latter we obtain only one group, since in this case the same 
group is d(‘rived by the addition of either set of axes. 

Like Jordan’s groups, those traced by Schonilios are really mere 
groups of geometrical proc(‘ss('s, independent of tlie nature of the material 
system concerned ; but it is convenient to regard the processes as applied 
to something mori^ tangible. Schon flics himself supplies this want by 
introducing the conception of atomic structure, and of its definite par- 
titioning. Here tlic reader must bew'are lest the nature or configuration 
of the atoms or particles themselves be confounded with the nature and 
distribution of th<5 structure considered witli respect to them, and lest the 
possibilities of mere geometrical partitioning be confounded with those of 
a partitioning into conceivable physical units.* 

Schonilios treats his work of discriminating 230 types of groups of 
operations (Raumgrup])cn) as preliminary to a direct application of his 
results to a moh'cular tln^ory of matter, wdiich he sets before himself from 
th(» outset : the reader iniglit, th(‘refore, suppose that the existence of 
molecules with void spaces between them is essential in order that the 
geometrical derivation of the 230 types may bo applicable to crystals.^ 
Thus S(!honflies says : ‘ By a regular a-N^embhigi' of molecules of unlimited 
extent is understood a molecular assemblago infinitely extended in all 
directions, which consists entirely of similar molecules, and possesses the 
property that around every molecule the disposition of the infinite system 
formed by the other molecules is similar,^ * And a little later he lays 

system von Cf, in sicli iibcrfuhrt, so kann jede zu G isomorplie Raumgruppe durch 
Itiulti plication ciner zu G, isomorphen Gruppe r, init cinor zu isornorphen Opera- 
tion C erzeugt werden, a o: .■ni-sjc-rl /.! , d:i^< t? cine Dock operation fur die Axon von T, ist.* 
* p. lOO. 

- Cl'. Min. Mag.<, 1896, vol. xi. p. 129. 

^ Kri/staUaystemc tmd JCrysfallsfrucfur, p. 237. 


* Hid,, p. 239. 
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down the fundamental hypothesis that * a homogeneous crystal displays 
the property that around every point in its interior the structure is that 
of a regular assemblage of molecules of unlimited extent.’ ^ 

This way of stating his case imparts to Schonflies’ extension of the 
methods of Jordan and Sohncke a somewhat hypothetical aspect, and, 
perhaps, obscures the fact that the characteristic symmetry presented by 
crystals is traceable in the groups of movements and mirror-image 
operations without specifying the kind of structure employed, and merely 
postulating the nature of its homogeneity — i.e., the type which it presents. 

In reality his work is not based on an assumption as to the 
nature of the regular repetition in space of hypothetical elements in a 
crystal,^ but its application to crystals rests on the assumption that the 
parallelism between the properties of his regular configurations and the 
crystal properties is due to a common cause ; in other words, that the 
arrangement or symmetrical repetition of the ultimate parts in crystals is 
that characteristic of these configurations, Sclninflies endeavours, in 
fact, to ascertain what special suppositions as to the form and quality of 
the molecule lie at the root of all theories of the constitution of crystals, 
and to determine what further consequences are implicitly bound up 
with these suppositions.^ 

The atoms and molecules of Schonflies are, properly speaking, mere 
cells or geometrical space-elements, into which a homogeneous structure 
is divided by some sort of symmetrical partitioning, the symmetry or 
want of symmetry attributed to the former being in reality a feature of 
these cells. Schonflies speaks of placing molecules in cells previously 
obtained by some symmetrical partitioning of space, but it will be found 
that their individual properties are those of the cells, and are not neces- 
sarily adequately descriptive of the symmetry of bodies contained in the 
cells considered irrespective of the latter. The statement that the 
characteristic symmetry of the molecule is identical with the symmetry of 
the cell allotted to it by the symmetrical partitioning would not be true 
of a highly symmetrical physical molecule put into a cell having little or 
no symmetry. 

Schonflies attaches considerable importance to the idea of an 
elementary cell {Fundamentalbereich)y^ which he introduces in chapter xiii. 
of the second part of his work, and it will not be out of place to give a 
word or two of explanation.^ He shows that any system ; ■ • a group 

of operations as above defined may be divided into an • -.imber of 

contiguous polyhedra, which arc all similar to one another, and, in 
general, of two kinds, the polyhedra of one kind being identical with 
those of the same kind, and the mirror-images of those of the other kind. 
Each of these polyherb-a encloses one and only one point of a given kind 
in the partitional system, round which point matter is distributed in a 
given manner.® The form of the cell is, in general, indeterminate, but it 
is subject to certain conditions ; it cannot bo cut by an element of 
symmetry of the crystallised body ; if it possesses a plane of symmetry, 
this plane must coincide with a face of the cell, and, further, centres and 
axes of symmetry must lie on the surface of the ccllJ From any one of 

^ KTystallsysteme und Krystalhtructury p. 2.31). * p. 247. 

® Ihid.^ pp. 248, 614. * Ibid., p. 550. 

^ The following discussion of the subject is borrowed from an interesting paper 
on ‘ ThSorie des anomalies optiques, de I’isomorphisme et du polymorphismo,’ by 
Fr^d. Wallerant, Bull. Soc. Min.y 1898, vol. xxi. p. 197 ct 

® KryitalUyiteme und KrystalUtructury p. 572, ^ Ibid.y p. 573. 
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these cells the remainder can be found by means of the group of opera- 
tions. Most of the 230 types can be partitioned into space units which 
individually possess the symmetry of the system as a whole. When this 
is the case, a finite group of contiguous elementary cells will form such a 
unit and can be found by applying to one of them certain of the elements 
of symmetry which lie on its surface ; a symmetrical space unit of this 
kind may be called a comj)lex cell.^ Other complex cells possessed of less 
symmetry can, of course, be formed. Some of the 230 types, while 
capable of being partitioned into such less symmetrical complex cells 
cannot be partitioned into complex cells which have as high a symmetry 
as that of the type. For example, the type represented by the 8ohncke 
system described above (fig. 5, p. 314) can be partitioned into cells pos- 
sessing trigonal axes with or without centres of symmetry or planes 
of symmetry, or with botli, but its cells cannot individually possess an 
hexagonal axis. 

As an example, take the case of the hexagonal space-lattice of 

Fig. 0. 



iig. 2, wliere the axes are axes of rotation and the })lanes of symmetry 
are planes of reflexion. The shape of the bodies placed at the points is 
ignored, or in other words they are supposed to have a symmetry which 
does not modify that of the system of arrangement. The points 11 in 
fig. 9 constitute such a space lattice. In this figure ]l,]l,HfJIj< corre- 
spond respectively to a, y, c, /> of fig. G, II 1 H 2 is an liexagonal axis of rota- 
tion. Take Jl, as the origin of this Bravais-system, which we know is 
a perpendicular prism with a rhomb of GO^ as base. All the rows of 
the system parallel to H,}l2 are also liexngonal axes of rotation. By 
combining these rotations with the translations of tin' system we see at 
once that straight lines such as T,T 2 , T.,T,, which are parallel to the 
hexagonal axes and pass through the centres of gravity of the equi- 
lateral triangles forming the bases of the lattice, are trigonal axes of 
rotation; and, again, straight lines such as 1 ),I> 2 , D-Dg, 

DtjDio, which pass through the middle points of the rows of the base, are 
digonal axes of rotation. 

* Krystallsy Sterne und Srystallstructur, p. 676. 
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Six planes of reflexion pass through the hexagofial axis, H1H2, making 
angles of 30° with one another (such are the planes H2H4H.J, 
and and, parallel to these planes, there must be throughout 

the structure a series of equidistant planes of reflexion. 

Further, there is a centre of symmetry on the lievacronal axis ; we may 
suppose it to coincide with H|, since this was arbiiraiily cliosen. All 
the nodes of the Bravais-system are such centres of symmetry, and 
in addition all the middle points of the rows, i.e.y all, the points H, D, 
and O. 

Further, the presence of this centre combined with the hexagonal axis 
necessitates the existence of planes of reflexion perpendicular to the axis 
and passing through the centres, and, consequently, separated from one 
another by 0,H,, half the parameter, IToH,, of the axis. Also, perpen- 
dicular to each of the planes passing through the hexagonal axis there are 
a series of diagonal axes of rotation passing through the centres of 
symmetry lying on these planes. 

Such, then, are, in the case in question, the elements of crystalline 
symmetry which fill space. 

The elementary cell is easily determined, since the elements of 
symmetry must lie on its surface : it is the right prism with triangular 
base 0i02THiT)iT|, wdiich has its bases in two principal planes ; its 
edges are a hexagonal axis HjO,, a trigonal axis T,T2, and a digonal axis 
D1O2 ; its side faces are three planes of symmetry ; the four corners 
PI,, I),, O2, O,, are centres of symmetry, but the corners TTo, situated on 
the trigonal axes, are not centres. 

To obtain the complex cell we must apply to the fundamental cell the 
appropriate elements of symmetry — i.p.y in this case tlu‘. hexagonal axis 
and two planes of symmetry, 0,0211,13, and H,I),T, — whence we obtain 
a right prism with hexagonal base whose edges are the trigonal axes, 
the cell of tig. 3. 

(By taking another set of the primary elements of symmetry another 
complex cell will be obtained.) 

A corresponding crystalline structure Avill be obtained by furnishing 
each elementary cell in a similar manner with contents of any nature. 

Ju'doroir. 

As has been said above, the 230 types of crystal structure were inde- 
pendently established and investigated by PI vou P'cdorow. 

The researches of this author which relate to the Subject of crystal 
structure begin in tlie year 1885 with a general treatise on the ‘Theory 
of Figures,’ published (in Russian) witli copious illustrations in the ‘ Trans- 
actions of the Russian Mineralogieal Society,’ xxi. pp. I -279 : this was 
followed in 1888 by a memoir on the ‘ 8yminetry of Finite P^igures,’ pub- 
lished (in Russian) in the .same journal, xxv. pp. 1- 52, and by one on the 
‘ Symmetry of Regular Systems of P'igures/ published (in Russian) in 
1890. 

The above are not only among the earliest treatises on these subjects, 
but they contain also almost all that is essential in the author’s later 
development of it, and some results that have been independently pub- 
lished by other irno.^fiir-’iloisto whom his Russian papers were not known. 
An abstract of some of the early papers was given by W ulfT ^ and by 
Fedorow himself.^ 

* Kryst. Min,^ 1890, vol, xvii. p, 610, 


* 76., 1893, vol, xxi, p, 679, 
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Fedorow first established the principle that in a symmetrical figure 
the symmetry must be one or more of the following sorts : axis of sym- 
metry, plane of symmetry and a combination of the two, or composite 
symmetry Curie’s alternating symmetry) ; in a regular system of 
figures, on the other hand, supposed infinitely extended, two more general 
elements of symmetry are also possible — namely, a screw axis and a 
glide- plane of symmetry ; repetition about a screw axis consists of a 
rotation combined with a translation along the axis ; repetition about 
a glide-plane consists of reflexion combined with a translation parallel to 
the plane. The elements of symmetry in a finite figure are simply special 
cases of the latter in which the translations are zero. 

Like Hessel, Fedorow investigated first the symmetry of finite solid 
figures in general and then, by limiting the problem by a condition 
eciuivalent to the law of rational indices, deduced the thirty -two kinds of 
symmetry possible for crystals. His method consists practically in com- 
bining any two of the possible elements and ascertaining to what other 
elements they give rise : two .axes of digonal symmetry inclined at 

45"^ give rise to the axes of a trapezohedral tetragonal crystal ; the total 
group constitutes a ^ SjpnmatrU art ’ or ‘class/ 

Two classes are different when in one of them an axis (or, in general, 
a symmetry element) is present wliieh is absent from the otlier, or occu- 
pies a position which it does not occupy in the otlier. Such a class, 
therefore, corresponds to a ‘group of operations’ in the language of 
Schonflics. 

A special feature of F(*dorow’s researches is his analytical expression 
of the symmetry ; this is described in the second of the above-mentioned 
memoirs. In this meth<Hl a point is denoted by an indefinite number of 
coordinates (although three are suflicient) — namely, the intercepts made 
upon all the axes, (lerived by the symmetrh al repetition of one coordi- 
nate axis, by planes drawn perpendicular to them through the given 
point. 

Thus, if an axis of ;>-fold symmetry be taken as one coordinate axis ?/, 
and a line perpendicular to it as a second coordinate axis y,,, then repeti- 
tion of yo about y gives p — 1 other coordinate axes, yi, y.,, A’c. A point 
whose coordinates are y=6, then gives rise to a sym- 
metrical set of points y=/>, yl==^^.l^ where .v may have the 

difierent ^alues 0, 1, ‘J . . . p — 1. \\y moans of eijuations of this nature, 

containing also appropriate symbols for repetition about the planes of 
symmetry, the various sort.s of symmetry of figures or of regular systems 
of figure's are deduced and expressed. Tho method by which they are 
deduced consists pnictically in seeking all the possible combinations of 
the elements of symmetry which are not incompatible with each other. 

In the tirst memoir, which deals only with tho symmetry of finite 
figures, after establishing all the pos.sible varh'ties of regular polyhedra 
and classifying them as isogons (which h.ave similar or symmetrical edges), 
and isohedra (which have similar or symmetrical faces), and having shown 
that there are eighteen sorts of typical isohedi’a,^ Fedorow investigates 
their symmetry according to the principle that each cl.ass {Spmmetrie art) 
corresponds to certain typic.al isohedra, and, conversely, that when all 
the typical isohedra arc known tho various classes of symmetry can be 
deduced from them. Crystal polyliedra are treated as special cases. 

* A typical isohedron is the figure derived from a polyhedron by moving its faces 
parallel to themselves until they all touch one and the same sphere. 
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The second part of the memoir considers the regular partitioning of a 
plane, and of space, and the nature of zonohedra, or figures whose faces 
intersect in parallel edges, and shows that there are six kinds of zono- 
hedra. [Here also the author lays down the principles of simple elonga- 
tion (Zug) and Shear ( Verscliiehung)^ and shows that any parallelepiped 
may be transformed into any other by these two processes. These 
principles are chiefly of importance in Fedorow’s development of his own 
theory of crystal structure, and of his methods of calculation.] 

With regard to the ]);irl il iooing of space, it is shown that space may 
be filled either by equal figures ranged parallel to one another \ these are 
called ‘ parallelohedra ’ • or by polyhedra, which, while equal or symmetri- 
cally similar, are not necessarily parallel ; these are called ‘ stereohedra.* 
The plane- faced parallelohedra arc bounded by pairs of parallel faces 
they possess centro-symmetry), and their arrangement is necessarily 
that of a space-lattice. There are four sorts of such parallelohedra, 
namely, those with three, four, six, or seven pairs of parallel faces ; and 
the filling of space with these corresponds to the close packing of spheres 
which are in contact with six, eight, twelve, or eight neighbouring spheres 
respectively. Fedorow^s most general sort of parallel ohedron, the fourth 
of those mentioned above, the ‘ heptaparallelohedron,^ is identical with 
the ‘ tetrakaidekahedron ^ subsequently and independently established by 
Lord Kelvin as the most general parallel-faced cell into which space can 
be regularly partitioned ; ^ its superficial area is, as was shown by both 
authors, a minimum for a given volume. 

When space is partitioned into differently orientated identically 
similar plane-faced stereohedra, these may always be grouped together into 
sets, such that each set is a parallelohedron ; further, the analogous points 
of the stereohedra constitute a regular point-system, just as the analogous 
points of the parallelohedra constitute a space-lattice. Here, then, 
we have a statement of the fact that the points of a regular point- 
system can always be grouped into clusters whose arrangement is a space- 
lattice. 

As will be seen hereafter, this conception of parallelohedra, as opposed 
to stereohedra, forms the basis of Fedorow’s own theory of crystal 
structure. 

The last section of the memoir is occupied with the consideration of 
polyhedra with concave faces, or ‘ koilohedra.* 

In his second treatise, that dealing with regular systems of figures,^ 
the problem of crystal structure is more directly approached. A regular 
system of figures is defined as consisting of an infinite assemblages of finite 
figures, such that when any two of them are made to coincide by one of 
the processes of symmetrical repetition (including lierein the mirror-image 
repetition to be mentioned presently) the whole system coincides with 
itself again. This is, of course, practically the same as the definition of 
Schbnfiies, and must lead to the same results. 

If any point in one of the figures be chosen, and the homologous 
points in all the figures of the system be sought, the whole complex con- 
stitutes a regular point-system. 

Those point-systems in which only repetition about axes (screw or 
other) or simple translation is involved correspond to Sohncke*s systems, 


^ Proc. Roy. Soo., 1894, Iv. p. 1. See also Phil. Mag.^ 1887, xxiv. p. 603. 
2 See for a short account Zeiti, £rysU Min.^ 1802, vol, xx. pp. 39-62. 
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and are called * simple ’ ; the remainder may be regarded as consisting of 
two ‘ analogous ’ systems, the one the mirror image of the other, and are 
called ‘ double systems.’ 

The systems, as a whole, are divided into three groups : (1) Sy Dimor- 
phous, whose elementary figures possess the same class of symmetry as the 
system itself; (2) licii.i^Miiii‘.nr|*ln»u>. consisting of two analogous 
symmorphous simple systems, which together make up a ‘ double system,’ 
the latter itself not being symmorphous ; (3) asymmorplious. In the first 
class all the elements of symmetry meet in a point within each figure ; in 
the second class only the symmetry axes meet in a point ; in the third class 
none of the elements of symmetry meet in a point ; here, consequently, 
adjacent figures are differently orientated. 

Fedorow first proves that the classes of symmetry of the regular sys- 
tems of figures are only special cases of the classes of syn)metry of the 
finite figures, and that it is possible to have several regular systems- 
belontjjing to the same class of symmetry. 

The classes of symmetry are, of course, thirty-two in number ; they 
are limited by virtue of the fact that the axes, whethei* symmetry axes, 
screw axes, or axes of composite (alternating) symmetry, can only be two- 
fold, three-fold, four-fold, or six-fold. 

The definition of the regular partitioning of space given by 8chdii flies ^ 
is practically identical with that given by Fedorow in his ‘ Elements of 
Figures’ in 1885 : ‘A division of space into absolutely similar cells in 
which each cell is surrounded in the same way by the remainder.’ If in 
a regular system of figures all the figures dilate uniformly until they 
come into contact, the system is converted into one of cells regularly 
partitioning space. A noteworthy property of the ‘ elementary ’ or 
minimum cells is that the axes and planes of symmetry of the system 
cannot pass through them,*^ but must lie in their surfaces ; in other 
respects unless bounded on all sides by planes of symmetry their actual 
form is quite arbitrary. 

Here, again, Fedorow- introduces the classiiication mentioned above : 
(1) Symmorphous systems have the same symmetry as their cells ; here 
the cells are parallelohedra,^ and therefore arranged in parallel positions ; 

an arrangement of parallel cubes ; (2) heinisyimnorphous systems, 
which only have the elements of simple translation and rotation in 
common with tlie constituent cells ; the triangular prisms of fig. 1 ; 
here the parallelohedron (rhombic prism of 60") is composed of two 
* analogous ’ steroohedra (two triangular prisms) ; (3) asymmorplious 
systems in which the parallelohedra are indeterminate Jiiid not neces- 
sarily closed polyhedra. 

Now a parallelohedron possesses a centre of syininctry (centre of 
inversion), and if it is a convex figure this centre lies within it ; if, on 
the other hand, it is concave, the centre lies without it. Further, in 
every convex parallelohedron the faces are only parallel and equal in 
pairs ; and there are only four sorts of parallelohedra, namely, those 

* Kiichr, <1. l\ Gcs. d. Gottingen, 1888, ix. p, 228. - See above, p, 326. 

Like Haiiy^s vioUcules soustractircs Fedorow’s parnllclohcdra are mere geo- 
metrical entities, and in many oases the grouping of the stereoliedra which produces 
them has to bo very arbitrary. The same stereohedra can in all cases bo grouped 
to form parallelohedra in an infinite number of ways. The parallelohedra will often 
have re-entrant angles even if the angles of the stereohedra of which they are com- 
posed arc all salient. 
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mentioned above, which possess respectively three, four, six, and seven such 
pairs of faces. 

The following example illustrates the principles described above, and 
is of special interest as representing a type consistent with the symmetry 
of the mineral dioptase which first led to an e?x tension of Sohncke’s 
theory. This mineral possesses an axis of trigonal combined with a 
centre of symmetry, its faces always occurring in sets of six, which are 
all alike, and consist of three pairs of parallel faces. (The symmetry 
may equally well be described as due to the operation of an hexagonal 
axis of alternating symmetry.) 

Fig. 10 represents a system of stereohedra arranged in accordance 
with this symmetry: the stereohedra are of two sorts (R and L), one sort 
being the mirror-image of the other ; the structure is symmorphous. 
A series of points similarly situated, one within each stereohedron 
R, would constitute a Sohncke-system : a ^ double system ’ of points is 
obtained by adding a series similarly situated, one within each stereo- 
hedron L. The figure also shows the manner in wliich the stereohedra 


Fifj. 10.* 



can be grouped in sets of six to form parallelohedra, which in this case 
are rhombohedra. Consequently a rhombohedral partitioning of spf>ce is 
consistent with the given type of symmetry. 

From the principles laid down in the memoirs mentioned above, 
Fedorow is able to deduce all the possible types of symmetry which 
characterise cither homogeneous systems of ligures, or homogeneous 
systems of points, or the homogeneous paiTitioning of space. 

They are 230 in number, and are identical with those established 
independently, as stated above, by Schon flies. 

Fed crowds theory of crystal structure, which is based upon his 
parallelohedra, will be considered later. 

Barlow, 

The result attained by Fedorow and Schrmflies, that homogeneous struc- 
tures, if classified by their symmetry, can be distinguished not only into 
thirty -two classes but into 230 kinds which belong to these thirty-two 

* The stereohedra are shown in the figure slightly drawn apart to make the 
arrangement clearer, but in fact they fill space without interstices, 
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classes, ^as arrived at by William Barlow*^ by a somewhat different 

reasoning. 

The sixty-five point-systems of Sohnche are of two sorts : some of them 
are identical with their own mirror-images and some are not. Further, there 
are some very simple homogeneous structures which are not jully repre- 
sented among Sohneke’s systems. An example will be given directly. 

Barlow designates the identical symmetrical repetition of parts through- 
out space, as investigated by Jordan and Sohneke, by the title ‘homo- 
geneous structure,’ and his definition of such a structure is very similar to 
that given by Fedorow of a regular system of figures. He shows tliat the 
point-systems obtained by taking all the ' . points in such a 

structure are Sohneke’s point-systems, and that every such structure is 
capable of tlie coincidence-movements of some one of Sohneke’s sixty-five 
systems and of no other. 

Suppose, for example, a number of equal cubes to be stacked together 
in the most regular manner, and let any geometj ical point be taken within 
one of the cubes. There are within this cube twenty-three otlier points, at 
the same distance from its centre as the first, which have identically * the 
same relation to the whole stack, so that the latter presents the same 
aspect wlien viewed from any one of the tweiity-four points. 

These twenty-four points constitute a Sohnekian 24-punktner, and when 
eorre**]!! Hiding points arc taken in all the cubes Solmcke’s system 59 is 
obtained. 

By a method of developing structures of higher symmetry from those 
of lower symmetry, Barlow obtains aU Sobiicke’s sixty-five sots of coin- 
cidence-movements, and points out that corresponding to eacli of these 
sixty-five systems is a class of homogeneous structure which is notidnifical 
'frith it A oiryi ynirrordmayf'. He then remarks that the additional 
property of identity with mirror image ciiii be displayed by homogeneous 
structures in a definite number of ditierent ways, and tliat this enables 
us to distinguish other types of symmetry besides the sixty-five types 
established without this property. 

For exanqilo, lot a line be drawn from each jiDint of one of the 
24-point groups above described through tlie iioan\st cube-centre, and 
prolonged to an ecpial distance on the o})posite side. The twenty-four 
points thus obtained, together with all similar points, constitute a second 
Sohncke-systcin which is the mirror image of the first ; from each of them 
the aspect of the structure as a whole is the mirror-image of its aspect 
from any one of the first set. The two together represent fully the true 
symmetry of tlie stack of cubes, which is thus shown to possess a higher 
symmetry than the simple Sohneke-system derived from it. 

If, now, space is to be filled with similar umyifunctricnl cells, instead 
of cubic cells, one such cell must enclose each of the first sy.stem of pointc, 
and another which is its mirror-image must similarly enclose each of the 
second system of points. In the original jiapcr the diagrams of symme- 
trical partitioning which are introduced make this conclusion easier to 
follow. The cells clearly correspond to the F undame ntalbereiche of 


' ‘ Ueber die i ' r!- ■ ■ ! r!,> i ■■ ’ -if:- ■ 1. ■ • : starrer Structuren nnd ihre 

Anwcnduiig auf 1\ j <■ / /?.*■ I*' xxiii. pp. 1-G3 ; and 181)5, 

XXV. p. 80. 

* Points having a mirror* image relation to the pjint eelcoted are not here taken 
into consideration. 
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Schonflies, and must, as stated above, contain on their walls all the 
elements of symmetry of the structure. 

The double system just obtained might have been constructed in another 
way. Thus, draw a line from each point of the 24-punktner perpendi- 
cular to a plane of symmetry of the structure, and produce it to an equal 
distance on the opposite side ; the system so obtained is identical with 
that previously obtained by the employment of centres of symmetry. 

A homogeneous structure of material of any sort or shape 

which contains points of two kinds like the above is identical with its 
mirror-image. 

All the possible types of homogeneous structures are constructed in 
the following way. Take a Sohneke point-system and, where possible, 
insert into it the mirror-image of itself {i.e., the enantiomorphous Sohneke- 
system) in such a way that the coincidence-movements of the two coincide 
(e.y., the Sohneke-system obtained from 11 of fig. 10, combined with that 
obtained from L). 

The two constituent systems are then related to each other in one or 
more of three modes, either (1) across a centre or centres of symmetry so 
that they are oppositely orientated in every direction, or (2) across a plane 
or planes of either ordinary or gliding symmetry, or (3) they are opposed 
to each other with reference to one direction and are at the same time 
orientated at right angles to each other. 

His third mode is in reality the method of repetition, used by 
Fedorow, Schonflies, and Curie, which has an axis of alternating 
symmetry ; Barlow employs it only in the case of the tetartohedral 
symmetry of the tetragonal system because the other types which possess 
symmetry of this nature possess also the symmetry of one of the other two 
modes, and have therefore been already found. 

By applying these three modes of duplication to Sohneke’s sixty-five 
systems, Barlow deduced the same 230 types of symmetry which were 
<li'.ii!imii'‘h(‘(l by Fedorow and Schonflies. 

The table of the 165 additional systems given by Barlow has this advan- 
tage, that it distinguishes clearly the enantiomorphous systems from those 
which possess mirror-image symmetry, and shows the mutual relations 
of the two enantiomorphous systems of which a double system consists, 
and further indicates the exact position of some of the centres and 
planes of symmetry in the structure. 

Points of the structure, which lie at these centres or upon axes or 
planes of symmetry singular points ' of Barlow) are clearly loss numerous 
than any other sets of homologous points in the structure. In the stack 
of cubes, for example, the centres of the cubes are less numerous than the 
most general sorts of homologous points within the cubes. As explained 
above, there are two sets of twenty -four points each surrounding each 
centre ; it is evident, therefore, that the least symmetrically situated 
points are no less than forty-eight time? as numerous as the centres. 

Barlow^s theory of crystal structure, which is based upon the principle 
of close-packing, will be considered later. 

Any account of the geometrical theories of crystal .structure which 
omitted reference to the important work of Lord Kelvin would be very 
incomplete. This author has investigated the problem of the homo- 
geneous partitioning of space, and, as was mentioned above, established 
independently the tetrakaidekahedron (Fedorow’s heptaparallelohedron) 
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as the most general form of cell belonging to such partitioning. The 
fourteen walls of this cell are not necessarily plane. ^ 

Most of his papers cited below relate to the equilibrium of molecular 
systems, and will therefore be more properly considered later in con- 
nection with that branch of the subject. A discussion of the relation- 
ship between the three aspects of the problem of crystal structure — 
namely, homogeneous assemblages of points, partitioning of space, and 
close packing of similar bodies — forms, however, an important part of 
the ‘ Boyle Lecture^ published in 1894.^ 

The assemblages of points considered by Bravais and Sohneke may bo 
replaced by solid bodies in contact with each other, or by close-fitting 
cells ; so also, in the more general case, the FiiiidamcntalhereicliG of 
Schtinflies may be occupied by points, by solid bodies, or by portions of 
solid bodies. Lord Kelvin considers these problems on the basis of the 
Bravais assemblage, and treats very fully of the partitioning of space 
into identical sameway-orientated cells. His definition of homogeneity is 
therefore more limited than that of the writers subsequent to Bravais. 
Thus he says ; ‘ The homogeneous division of any volume of space means 
the dividing of it into equal and similar parts, or cells, all sameways- 
oriented. If we take any point in the interior of one cell and corre- 
sponding points of all the other cells, these points form a homogeneous 
assemblage of single points, according to Bravais’ admirable and import- 
ant definition. The general problem of the homogeneous partition of 
space may be stated thus : Given a homogeneous assemblage of single 
points, it is required to find every possible form of cell enclosing (‘ach of 
them subject to the condition that it is the same shape and sameways- 
oriented for all.’^ 

The manner in which the physical and morphological properties of a 
substance may be represented by a geon\etrical cell-partitioning is 
illustrated by Lord Kelvin’s elegant model of quartz described in the 
Boyle Lecture,^ 

Among the systems studied by Lord Kelvin are tliose of atoms endued 
with inertia and held in equilibrium by Boscovichian attractions and 
repulsions.'* As a possible structure for an ice crystal, for example, com- 
posed of Boscovichian atoms, according to this principle, a system is 
proposed consisting of two interpenetrating space-lattices of rhombohedral 
symmetry.^ 

William Barlow, again, in a paper entitled ‘ A Mechanical Cause of 
Homogeneity of Structure and Symmetry geometrically investigated,’ ^ 
has given numerous examples of the manner in which stacks of close- 

* ‘On TToniOfronoous Division of Space,’ Proc.^Uoy. Sor., 180 1, Iv. pn. l-lfi ; ‘On 
the Division of Space with Minimum J\‘irtitional Area,’ P/tii. Jfay., 18S7, scr. 5, xxiv. 
pp. 503-614 ; ‘ The Molecular Con&titutiou of Matter,’ Proc. Pof/. Soc. Fdiii,, 1889, 
xvi. pp. 693-724. 

* ‘ The Molecular Tactics of a Crystal,’ The Second Boyle Lecture, 1894, Oxford. 

* Proc. Poy. Soo.^ 1894, Iv. p. 1. 

^ V. 62. Vf. also ‘ I’lezo-electric Property of Quttrtz,’ Phil. Mag., 1893, ser. 5, 
xxxvi. pp. 331-340. 

“ ‘ The Elasticity of a Crystal according to Boscovich,’ Phil. iiA/y., 1893, scr. 6, 
xxxvi. pp. 414-430, and Proc. Poy. Sor., 1894, liv. pp. 69-75. 

* ‘On the Molecular Dynamics of Hydrogen Gas, Oxygen Gas, Ozone, Peroxide of 
Hydrogen, Vapour of Water, Liquid Water, Ice, and Quartz Crystal,’ Prjwrt Brit. 
Assoc., 1896, pp. 721-724. 

^ Proc. Boy. Bub, See., 1897, viii. pp. 627-C90. 
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packed sphetes, either equal or of two or three different sizes (repre- 
senting the atoms), may be constructed so as to possess the symmetry of 
many holohedral, hemihedral, or tetartohedral crystals, and to be in 
harmony with their physical properties.^ 

Among recent writers mention should be made of C. Yiola. He has 
employed the method of quarternions to derive the thirty-two classes of 
crystal symmetry ^ and has also given an elementary exposition of these 
classes based upon the planes of symmetry.^ In a recent paper he 
questions the ultimate validity of the law of rational indices. 

It is sufficient liere to point out that all the systems devised by Kelvin, 
Barlow, Turner, Hollas and others, being homogeneous arrangements, 
must correspond geometrically to one or other of the 230 types of 
Schonflies and Fedorow, and must all, as to their symmetry, be ultimately 
reducible to a certain number of interpenetrating space-lattices. As they 
go beyond the geometry of the subject their consideration is postponed 
for the present. 

Summary. 

With the establishment of the 230 types of structure the purely 
geometrical study of the problem seems to have attained something like 
tinality. The history of its development, as sketched above, is the history 
of an attempt to express geometrically the physical properties of crystals, 
and at each stage of the progress an appeal to their known inoF |ilu»logical 
properties has driven the geometrician to widen the scope of his inquiry 
and to enlarge his definition of homogeneity in order that it may include 
types of symmetry which did not fall within the more restricted defini- 
tion. The necessity of explaining hemihedrism led to the system of 
Sohncke ; the necessity of iiccounting for the known symmetry of dioptase 
led to the further extension of Sohncke’s principles. 

The two most satisfactory features of the final geometrical solution of 
the problem are the following : (1) A single principle — namely homo- 
geneity according to the wider definition — is sufficient to account for tho 
two leading characteristics of crystals, their {volotroj)i.sm, and tho law of 
rational indices. (2) The lines are now laid down within which specula- 
tion concerning the actual structure of any crystallised substance can 
range. 

Tfiere are three problems to be solved in explaining the structure of 
crystals : (1) What are the parts of which a crystal consists ? (2) How 

are they arranged ? (3) Why are they arranged in this particular 

way ? 

We have now good reason to believe that a partial answer has been 
found to the second question, and that whatever may be the parts of 
which a crystal consists they must be arranged according to one or other 
of the 230 types of symmetry ; Hohncke systems and Bravais space- 
lattices are, of course, special cases of tliese. 

* Compare also A. Turner, Das Prohlem dar KryHtalUsatlon, Leipzig, 1897, and 
W. J, Sollas * On the Intimate Htrncture of Crystals,’ Proc. JXoy. /St/cr., 1898, Ixiii. 
pp. 270-300; 1901, Ixvii. pp. 493-196. 

“ Ueber die Symmetric der Krystalle und Anwendung der Quaternionrcchnung, 
Ne‘\m Jalifh,, 1896, B* ilage Bd. x. pp. 495-532. 

® Elementare Dar.'tellung der 32 Kry&tallkla«se, Kryst. Afm., 1897, xxvii, 
pp. 1-40. 

* Zur Begiiindung der Krystallsymmetricn, 'lid,, 1001, xzxiv. pp. 358-388. 
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It is true tliiit by placing suitable bodies (molecules endowed with 
certain symmetry) at the nodes of a space-lattice all the properties of a 
crystal may be accounted for, but there seems no sullicient reason for 
limiting the problem in this manner- The material occupying ,tbe 
FuiidamfintaUnn'(iU'Iie of Schon flies, or represented by a generalised poin^ 
system, may always be supposed grouped about the nodes of the underlyirtg 
space-lattice if reejuired, so that what wore at first regarded as so many 
units come to be the parts of a single composite unit ; but in some cases 
the latter, like some of llaiiy’s mnh'cnhs must be a mere 

geometrical fiction. 

Until we know more about the units of which the crystal really con- 
sists, th(*re will m'cos^arily be s|)ocnlation as to whether the units are 
situated at the most general sorts of homologous points in a given type, 
or whether they are symmetrical bodi(‘S situated at the singular points ; 
whetlier they ani all of the same sort or of more than one sort. 

It ih proj)Ose(l to consider in a subseijuent report some of the mechanical 
and pliysieal conceptions which have b(‘en employed in di-i ii>'»ing the 
possible* structure of crystals, and the delinite structures recently ascribed 
to c(*rtaiii substances.* 


Thi* Mnvoiarnia of riulrr^inutiol Wufrrti iff Xfoilt-urst Yorktihnr,-^ 
Srcftnd lu^fiorl of thr ( ro/ifilsiuof of Professor W. AV. 
AVatt.s {( 'loilrttKfd), iMr. A. U. Dwkkryiiook (Serreianf), Pro- 
fessor A. SMiriiKi.Ls, Rev. K. Tones, Air. Wvlteu Mouhison, 
Mr. 0. Bkw, Rev, W. Lower Uarter. Air. AV. Fairley, Air. 
\\ F. Kr.NDAEE, ttiiil Air. d. K. AIahr. 

The CommiOee are carrying out the investigation in conjunction with a 
committee of the Yorkshin* (leological and Polytechnic Society. 

The work of investigating the How of underground water in Iiigle- 
boro’, d(*S(ii)u‘d in the n*[‘Ort pre^enled to the Association at the 
liradford meeting, was resumed by the Committee on November 10, 
1900, wlnm it was (let(*rmined to study the underground course of a small 
stream known as Hard (iill. 

This stream ri^es, on the south side of Ing' boro’, in a spring at 
1,000 feet a\)ove the sea, and flows for a distance of about half a mile 
ov( r boukl(M* clay. 

It then reaches the bare limestone and commences to sink near the 
eastern coriun- of the* croft at Crina Hottoin. 

In wet Aveather the stream is not entirely absorbed at this point, but 
flows on past tla* house at Crina Rottom, and enters the rock at Rowan 
Tree Hole (llantree. Hole on O-in. map). 

At the tirm* of the experiments the water of Hard Gill was entirely 
absorbed between the point whei’c the 1,‘JOO feet contour crosses the 
stream and tlu^ eastern corner of the croft, and consequently the investi- 
gation of RoAvaii Tro(^ Hole, the primary object of the excursion, had to 
bo abandoned. 

It was found, liowcver, that the bulk of the water was absorbed at 
the point where the 1,200 feet lino crosses the stream, and consequently 

* This relates to work published by Alallnrd, Livciiig, Fedorow, Kelvin, Wulff, 
Barlow, MuthniHnn, Tutton, JSollas, Go'dachmidt, Viola, and others. 

1901. 


2 
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it was determined to introduce one pound of Fluorescein into the open 
ioint down which the water was flowing. 

This was done at 2 p.m. on November 11, and before 7 a.m. on the 
12th the water of the large spring at the reservoir in the Greta \ralley 
was strongly coloured. 

After introducing the Fluorescein a general survey was made of the 
direction of the joints in the limestone in the neighbourhood of the sink 
and on the dints above Crina Bottom, with the following results : — 

Joint at ‘ sink N. 55° W. 

On ‘ dints ’ near sink . . . . N. 55° W. 

On ‘ dints ’ above and to the west of . . (main) N. 50° W. 

Crina Uottom . (sccoiidat y) fcj. 25° \V. 

The spring at the reservoir is thrown out close to the line of 
junction of the Carboniferous Limestone with the umlerlying Silurian 
rocks, and the line from the sink where the Fluorescein wa,s introduced 
to the spring runs N. 55® W. — that is, in the direction of the master 
joiilts in the limestone. 

Thus, again, it has been demonstrated that tlio direction of under- 
ground flow is determined by that of the mastc'r joints in the limestone. 

After a considerable though unavoidable delay the work was resumed 
on June 21, 1901, when Alum Pot, on the Jlibblesdalc side of Jnglcboro’, 
was the scene of operations. 

The joints in the neighbourhood of Alum Pot are nior(3 complicated 
than in the parts of the district previously investigated, there being three 
sets of joints, all more or loss irregular in places. 

Close to Alum Pot there are two sets running S. 5**’ W. and N. 80® F. 
respectively. 

Thirty yards higher up Alum Pot Beck tliey run due N. and S. and 
N. 80® E., the north and south joints being the stronger urn I more con- 
tinuous. 

On the ‘dints’ 100 yards above the Pot there are three sets of joints, 
as follows, viz. — 

Master .... N. 10®E. 

Secondary. . . . 

One pound of Fluorescein was put into the stream flowing into Alum 
Pot on Friday, June 21, at 7 p.m. 

There was not much water flowing at the time, and a few clays after- 
wards several important springs in the neighbourhood ran dry, including 
that at Turn Dub, on the opposite bank of the Kibble, which is tlie 
reputed outlet of the Alum Pot stream. 

The springs commenced to flow again a few days later ; but although 
they were carefully watched, as was also the liver itself, no trace of colour 
was seen. 

Tt was therefore concluded that either the IHuorescein had passed 
into one of the other river l}asins or liad become so diluted a.s to be 
invisible. 

This experiment having prov(3d inconclusive, a further one was com- 
menced on Thursday, September 5, the results of which arc not yet 
known. 

Owing to the long delay caused by the drought and other circum- 
stances bi^yond their control, the Committee have been unable to 



ON PHOTOGRAPHS OF GEOLOGICAL INTEREST. 


339 


complete the work during the present year, and therefore ask to be 
reappointed and to be allowed to retain the unexpended balance of the 
grant made at the .Bradford meeting. 


Pkotofjraiihs (if fh'olotjU'al Tnicrcst In Ihc UidU^d Kun<jdom, — Ttvelfih 
Kevod (f tho. (Jomviiifad, condditKj (f Proles, or James (Jeikie 
(( fhairnuin )^ Dr. n\ (J. Bonney, ih’olessor E. J. (lARWOOD, 
Dr. Temi'est Anderson, Air. Dodfj{ev JbxciLEv, Air. II. Toates, 
Mr. C. V. (’KOOK, Air. J. ii. Gooiktiild, Mr. William Gray, Air. 
Roijekt Kid.ston, Air. A. S. JIeid, Air. J. J. JI. Teall, 
Air. R. Welch, Air. H. B. AVoodward, Air. E. Woolnough, 
(huf Professor AV. AV. AV^ATFS (Srcrefnnj), (Brainh iqi Inj the 
drrrrittrif.) 

The Committee havi*. the honour to report that during the year 241 new 
pliotographs have l)(‘cn received, bringing uj) the total number in the col- 
lection to 2,Hl)lj. 

In addition to this 3 prints ami 3 slid(!s have been given to the 
duplicate collection, making a total of 217 pliotographs received during 
th(>i year. 

A sch(‘nie .showing the geographic*al distribution of the photographs is 
appended. There arc no new countie.s on the list, but the following 
count ie.s are now much b(‘tter repre.scnted than liitluTto : -Cunibcrland, 
J)erby, Durliain, Lincoln, Norfolk, Northumberland, Wiltshire, and Pem- 
broke. Camhridgeshin*. continues to share witli Rutland and Hunting- 
don the distinction of being unre])resent(Ml in the collection. There nre 
three Welsh counties unnipresenied, ehn*<‘u in Scotland, and fourti^en in 
Ireland. As Brecknock, Dumbarton, Ro<.s-.shire, Wicklow, Kilkenny, 
and AV’aterford are amongst these counties it is evident that the work of 
the C’oinnuttce cannot yet b(» consider(»d complete. 

To this year .s collection the most noteworthy aoc(‘ssior is Dr. (L 
Abbott's set of jJiotographs of scction.s and specimens illustrating his 
study of the remarkable concretionary .structures e.xhibited by the Mag- 
nesian Liine.stone <»f Durham. 

Another iiiiportaiit contribution is a beautiful scries of views illus- 
trating problems on Physical Geography and (Geology in the Cheviots, 
taken by Air. G. Bingley and Air. lla.stings. Tlie former also sends 
photograi>hs from Yorkshir(\ 

Mr. Coomara-Swamy has taken phcRographs in Lakeland and AA’ilt- 
shire, and Mr. Moiickton in Dorset, Surrey, and Berkshire. 

Air. A. T. Aletcalfc contributes an in ten*sli]ig .s(*ries of glacial photo- 
graphs from the Norfolk coast, and a set illustrating tlic volcanic vents 
of Derbyshire recently described by Sir Archibald Geikio. 

The Hull Geological Society and the Croydon Microsco})ic«al and 
Natural Ili.story Club .send some local photograph^, and the members of 
the North StatVordshire Field Club also continue their contril)utions. 

Air. Jerome Harrison sends some exceptionally beautiful and interest- 
ing pictures of drift deposits and of striated bnulders, of glacial pheno- 
mena about Snowdonia, and of surfac(^ creep. IIi* also sinids illustnitions 
of Paleozoic and pre-Pahvozoic rock.«iin the* Midlands, while the. Uriconian 
rocks of Shropshire have been pbotognn lied by Air. Buddicom as well. 



340 


bEPORT — 1901 


— ■ — — 


- 


DuplicatoB 



Pre- 
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tioiiH 
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(1900) 
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i 

England — 







Berkshire 

3 

2 

5 

— ! — 



— 

Cumberland . 

8 

10 

IS 

- - — 

— 

— 

Derbyshire 

:io 

11 

41 

1 

— 

1 ! 

Devonshire 

12() 

9 

135 

13 2 

2 

17 

Dorset . 

90 

9 

99 

8 

— 

8 ' 

Durham . 

29 

82 

111 

1 — 

. — 

1 f 

Kent 

70 

2 

72 

13 - 

— 

13 . 

Lincolnshire . 

4 

2 

6 

— — 

— 

- i 

Norfolk . 

IH 

5 

23 

7 — 

— 

7 

Northumber- 







land . 

42 

2S 

70 
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— 

— 

Nottingham- 







shire . 

13 

1 

14 

1 1 — 

— 

1 

Shropshire 

3:5 

11 

41 

8 ; l 

- 

9 

Stafl-ordshirc . 

12 

9 

51 

10 1 — 

— 

10 

Surrey . 

85 

8 

43 

3 1 - 

— 

•* i 

Sussex . 

10 

2 

12 


— 

— 1 

Warwickshire . 

3.5 

2 

33 

3 [ — 

— 

** ! 

Westmoreland. 

Gl 

1 

t;2 

G ! — 

— 

G ' 

Wiltshiro 

1 

4 


— > — 

1 

1 

Worcestershire 

11 

5 

19 
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Yorkshire 
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10 

4.")G 

G7 


07 
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59 

— 

39 , 

; 
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1 
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1 
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} 
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3 
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Wales— 






1 

Carnarvon 

71 

18 1 

1 92 

21 — 

— 

21 

Pembroke 

1 12 . 

3 

15 



j j 

1 

Others . 

, 87 

— 

87 

1 

19 1 - - 

1 - ' 1 

1 19 ^ 

Total . 

I 173 

i 1 

21 

194 

43 — 

i ... ! 

1 

Channel I.s- 

* 1 

— 

i 

j 

i 


LANDS . 



L. ! 

— — 

i — 

1 

Isle op Man . 

GO 


1 60 

4 — 

-- 

! 4 ■ 

Scotland— 







Inverness 

114 

1 

! 115 

32 - 1 


32 ‘ 

Others . 

19G 

— 1 

1 19G ' 

4It 


49 ■ 

Total . 

310 i 

i 1 

311 

81 


81 

Ireland — 







Donep^al . 

41 

1 1 

45 

3 

— 

3 

Others . 

4G3 

— I 

4G3 

55 

1 — 

55 

Total . 

507 

1 ; 

508 

58 


58 
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i 
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5 
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31 

— 

31 1 

Foreign . j 

- 1 

— 

1 

- 1 
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; - 1 

29 i 



ON PHOTOGIUPIIS OF GEOLOGICAL INTEREST. 


341 



Pre- 

Adfli- 



Duplicates 



vious 
col lec- 
tion 

tions 

(lyoo) 

Total 
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tion 

Prints ' Slides 


ENMJLANI) 

1 m 

1 

213 

1712 

201 

3 i 3 

207 

Wai.m . 
CiiANNion Is- 

173 

21 

191 

43 

— 1 

43 

lands 

15 

1 — 

15 

— 

' — 

— 

IsLK OF Man . 

50 

1 — 

00 

4 

— 1 — 

4 
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310 

1 

311 

SI 

— I 

81 

Ireland . 
llocK Struc- 

507 

1 

508 

58 

— 1 — 

58 

; i 

tures . 

!)1 

5 

90 

■ 31 

^ , — 

31 

KOHEKiN . 


, 

— 

29 


i 29 

Total . 

2555 

241 

2.‘<96 

1 

j 447 


453 

l___ _ _ 


To thcBG and to the contributors mentioned below the 

Committees tender their thanks : Professor W. Hillhouse, Professor E. J. 
Garwood, Mr. J. H. Ihdclock, Mr. W. S. Parrish, Mr. J. A. Cossiiis, the 
Rev. C. E. L. Barnwell, Mr. H. J. Steele, ]^Ir. F. W. Ro})arts, Mi-. W. B. 
Banuerman, Miss M. S. Johnston, Mr. J. ^V. Stather, Mr. Watson, 
Miss M. K. Aiidrew.s, and Mr. W. W\ Midgley. 

The Committee notioe, an increasing tendency on the part of contri- 
butors to send in enlarged photographs. If the enlargement shows 
details not easily visible on the originals, and if they arc sharp and clear, 
this is an excellent thing. But uidess this is the case enlargements do 
not apjM'ar to possess any advantage over the smaller photographs ; 
imleed, rather th(‘- nwerse ; while th(*y occupy considerably more storage 
room. ‘ Fuzzitypes * have no precise functions in illustrating geological 
phenomena. 

Th(^ Committee would again call attention to the insertion of a scale 
wh(‘n(*ver possible into the }'hotogra|ili*» i.nt an ordinary foot-rule the 
divisions of which are invarialily invisible, but somelhing of average size 
which cannot be easily mistaken - the human figure, a walking stick, 
camera-case, hat, pencil, or coin. 

The additions to the duplicate collection numlun- only six. Several 
otluTS are in hand ; hut it is thought advisable to hold them back for a 
time in order t<» get complete sets on certain subjects. 

The duplicates collection has been sent to Natural History Societies at 
the following places : -Dulwich College, Halifax, Hasleniere, Highgate, 
Accrington, and Woking. 

The little, .set of pliotographs which was framed for exhibition at 
Paris in FJOO is now displayed in the Museum of Practical Geology at 
dermyn Stree-t. The silver medal award(*d to it, or rather the bronze 
copy thereof, will doubtless be received at some futun' tim(\ 

The sclnune for publishing a selection of typical geological photographs 
is progressing, in spite of a series of unforeseim delays. The lir.-*t batch 
of twenty-two prints and slides will .shortly hv issued, and the preparation 
of the second and third batches will be pn»cecded with. 

Applications by local societies for the loan of the duplicate collection 
should be made to th(' Secretary. Either prints or slides, or both, can be 
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lent, with a descriptive account of the slides. The carriage and the 
making good of any damage to slides or prints are expenses borne by the 
borrowing society. 


TWELFTH LIST OF GEOLOGICAL PHOTOGllAPHS. 


(To September 3, 1901.) 


This list contains the *« ] photographs which have been 

received by the Secretary of the Committee since the publication of the 
last report. Photographers are asked to affix the iv'gislered numbers, 
as given below, to their negatives for convenience of future reference. 
Their own numbers are added in order to enable them to do so. 

Copies of photographs desired can, in most instances, be obtained 
from the ])h()iogra[)]i(‘i‘ direct, or from the officers of the Local Society 
undei* whose auspices the views were taken. 

The price at which copit'S may be obtained depends on the siz(i of the 
print and on local circumstances over which the Committee ha\ c no control. 

The Committee do not assunip the copyrif/ht of any pliofoyraplis 
included in this list. ln<iuirit'S respecting photographs, and applications 
for permission to reproduce them, should be addriissed to the photographers 
direct. 

The very best photographs lose half their utility, and all their value 
as documentary evidemee, unless accurately described ; and the Secretary 
would be grateful if, whenever possible, such explanatory details as can 
be given were Avritten on the forms supplied for the purpose*, and not on, 
the haek of the photograph or elmirhere. Much labour and (Tror of tran- 
scription would thereby be saved. A local number by which the print 
and negative can be recognised should be writtem on the back of the 
j)h()tograj»b and on the top right-hand corner of the form. 

Copies of photographs should be sent unmounted to W. W. Watts, 
The University, Birmingham, and forms may be obtained from him. 

The size of photographs is indicated as follows : - 


L= L.'intern .'^ize. 
1/1 = Quail CM -plate. 
1/2 = Half- plate. 


1/1 = Whole plate. 

10/8 = 10 inehrs hy 8. 
12/10 = 13 inches by 10, kc, 
E signifies Enlargement. s. 


* Indicate.*? that photographs and slidos may he purchased from the donors, or 
obtained through tho address given with the sen(‘s. 


LIST I. 

ACCESSIONS IN 1900-1001. 

ENGLAND. 

Berksihue. — Photographed hy H. W. Moxcktox, F / jt \ S.y 3 Ilarcourt 
Buildings^ Temple^ E,C, 1/1 E. 

Rpgd. 

No. 

2728 (92!)) Grave! Pit, S.W. of Cajsar’s Well-stratified, High I’lateau Gravel. 1897. 

Camp, iSasthampstcad. 

27 29 (832) 
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Cumberland. — Photographed hy A. K. Coomara-SwAmy, 
Worplesdorif GuUd/ord, 1/4. 

Rcgd 

No. 


2730 ( ) Noar Tooley Bridge, Ulls- 

w.'iter, 

2731 ( ) „ 

2732 ( ) North side of Dunmail 

liaise. 


Btratified Old Red Scandstone con- 
glomerate. 1900. 

>1 M 

3Iedial ^Moraine, transverse to valley. 1 000. 


2733 ( ) 

2734 ( ) Quayfoot, Borrowdalo 

2736 ( ) ., 

2736 ( ) Grange, Boriowdale 

2737 ( ) „ 

2738 ( ) North of Rosthwaiit* 

2739 ( ) Valley leading to Want- 

water from toi) ol Sty Head 
Pass. 


If *f M 

/(ochr inoiito/nu'c, Borrowdale Series. 1900. 

»f »i »i 

„ Bkiddaw Slates. 1900. 

„ sliowingstriation. 1900. 

Boulder-claj' on glaciated rock. 1900. 
Y-shaped valley. 1 900. 


Dekbyshire.-- hi/ A. T. Metpalfe, F.G.S., Sonfhirefl, Futts. 

'\'2a7idl/4. 

2661 (G 12) (lrang(‘ .Alill, .> in. V/. of Two Volcanic Vents in Carboniferous 

^Matlock Bath. Limestone. 1900. 

2662 (G 1:J) „ 

2663 ((r |i») .. Valley between two V'ents. 1900. 

2664 (G 11) „ „ ,, South or larger Vent. 1900. 

2665 (G ;J0) „ „ C'arbonifr runs Limestone dipping from 

the South Vent 19(10. 

2666 ((J ‘^7) Eject ed block in South V(‘nt. 1900. 

2667 (G ;i9) „ „ North Vent. 1900. 

2668 (G 1) JS99. 

2669 (G 2S) ,, „ „ Carboniferous Jdmestone within a few 

feet of the eilgeof the North V(*nt. 1900. 

2670 (G :i) „ „ „ North end of Xuith Vent. 1S99. 

2671 ((i 2.“)) „ „ „ Spring at junction of Idmestone with 

J>t.ddcd Tull. llKHt. 

Dkvoxsiure . — Phofographnl by Professor W. illLLHOUSE, M.A,y 
Pfirhi'ss Foffdy Fd;/hnsto7ij Blrmhu/hdin, 1/1, 

2740 ( ) Near WiMersmouth 15ca<'h. Anticline. ISO.". 

iifracomlx*. 

2741 ( ) llfiiicombe . , . Marine J’oiliole. IM*.*). 

Phutoijraplird b;/ IVofe.ssor K. J. (lAinvooD, M.A,^ F.G.S,^ Unive7*sity 
CoIbgOy Lo7idou, 1/2. 

2742 ( ) Ilfracombe , , • Contoited and faulted ‘ ])c)l hooks .and 

hangers’ in qttartz win in Devonian 
elate. 1S87. 

,PJintogm]ihnl hy A. K. Coomara-Swamy, /LaS'c., FJLS^y 
Worplesdoiiy (tiiUdford, 1/4. 

2743 ( ) ^ i<*w from the Hound Tor Scenery of Granite ^loorland. 1900. 

Ridge. 

Photo(j7'aplicd hy ^ , PARKINSON, FAi,S.^ 201 Cnindini Rondy F. 5/4. 

2744 ( ) Norlli of Bolt Tail . Dexonian Slates, much veined and cleaved* 

1901. 
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2746 ( ) Thurleslono Sands, W. of Outliei* of Now Ked Sandstone reslingf 
Kingsbridgc. nnconformably on Slates of the Torcross 

Group. li)01. 

2746 ( ) Thurlestone Sands, W. of Outlier of New Red Sandstone. 1901. 

K*i . ■' . 

2747 ( ; Inuriestone Sands, W. of „ „ „ 

King«briduo. 

2748 ( ) Thurlestono Sands, W. of „ „ „ 

Kingsbridge. 

Dorset. — Plwlof/raph* d by H. W. Moncktox, F.G.S,, 3 Jlarcourt 
Buildinys, Temple, KC, 1/1 E. 

2672 (1896) Durlstone I'a}’, Swanage Middle Pnrbeck Stone Beds. 1900. 

2673 (1S07) „ „ „ ,, „ „ ,, 

2674 (1410) NearGrand Hotel, Swan- Wealdon Beds. 1900.” 

age Bay. 

2676 (1420) Puntield Cove, Swanage Shell -bed of Tecten aupvr zone of Upper 

Gieensan<l. 1900. 

2676 (1421) „ Shell-bed of IWfen nsper zone of Upper 

Groen'sand. 1900. 

2677 (1439) Tilly Whim ‘Ca\es,* Block of Portland Oyster bed. 1900. 

Swanage. 

2678 (1426) West Hill and St. Alban'.s Poitland Stone, Sand, and Kirncridge 

Head, above Chapman’s Pool. (’lay. 1900. 

26 79 (1427) Clilf, E. of St. Alban’s Poitland Stone and Sand, over Kimeridge 
Head. Clay 1900. 

2660 (1149) The Agglestone, near Concretionary Sand-iock weathered out of 
Studland. Bagshot Bed.s. 1900. 

Sec also DURHAM. 

Durham . — Photoyraphed Dr. (1. Abbott, 33 Upper (irosveuin* Road^ 

Tmihridfje WGIs, Three by Messrs. Johnson ami Tunbridye 

]Vell8. IrlandljA. 

2749 (14) Kulwcll Quarry, near Sun- Section of Magnesian Linie.stone, hliowing 

ilcrland. concretionarv .si lucture. 1901) 

2750 (15) Hendon Shoio . . . Deposition paitings m roneretiou.s 1900. 

2751 (16) Hendon Shore (some in Fingcr-like rods. 1900. 

British Muj-cuin). 

2752 (17) Fulvvell .... Rods and some hi»n(:\ combs. 19 (m«. 

2753 (18) Building Hill, Sundei land. Rod stru<*ture. 190(i. 

2754 (19) Building Hill, Sunderland. Large .vpbcrienl concretion. 1901. 

2755 (1078) (In British Museum) . Rods coated with ciystals „ 

2756 (1072) „ „ . Rod structure. „ 

2757 (1147) „ „ . Rods on each side (»f band. „ 

2758 (10S4) ,, „ . Rods, snort and t luck. ., 

2759 (988) Fulw’cll .... Rods grown downwards. 1900 

2760 (989) . . ]lo<lh Krowii upw.'i <K „ 

2761 (9U0) . . Rods i»nAvn lioii/.ontallv from cleavage 

clefts. 1900. 

2762 (987) „ .... Nodes on rofls. 

2763 (20) Hendon Slu»re . . . ‘Honeycomb.’ HM)0. 

2764 (21) Ful well Quarry . . . „ 1S99, 

2765 (22) Hendon Shore ... „ 1900. 

2766 (23) Building Hill, Sunderland. „ „ 

2767 (24) Ful well Quarry . . . Tfoneycomb. 1901. 

2768 (25) „ „ . . . „ 1900 

2769 (2t)) ,, ,, , , . ,, ,, 

2770 (27) „ . 

2771 (28) . 
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No. 

2772 (2J>) Fulwcll Quarry . 

2773 (11 12) Hendon . . . Honeycomb, cut and uncut surface. 1901. 

2774 (2) Fulwell .... Honeycomb, showing conical nodes. 1900. 

2775 (iJO) (Hancock Mu.seurn, New- Honeycomb and ‘cauliflower' concretion. 

castle) 1900. 

2776 (992) Fulwell (British Museum) Honeycomb. 1901. 

2777 (1003) „ 

2778 (991) „ 

2779 (1027) „ 

2780 (1091) Fulwell .... 

2781 (1128) 

2782 (1088) „ . . . . 

2783 (1040) 

2784 (1131) 

2785 (1130) 

2786 ( I0!)7) Fulwfll(I>riti.sli Miiseuiii) „ „ 

2787 (1099) „ 

2788 (1050) „ 

2789 (10.51) 

2790 (1130) 

2791 (993) Fulwell .... 

2792 (1029) Fulwell (Hriti.sh^Musfum) „ „ 

2793 (99S) Fulwell .... „ 

2794 (9!19) Fulwell (British Museum) „ ,, 

2795 (1032) „ 

2796 (1035) „ 

2797 (31) Fulwell. „ see 27G7. 1900. 

2798 (1) Fulwell (Britisli Mu.seurn) . Coralloid. „ 

2799 (32) Fulwell .... ,, Hippie-marked. „ 

2800 (3) 

2801 ( lOlS) Fulwell( BritishMuscuin) 

2802 (1001) 

2803 (10S3) „ 

2804 (1082) „ „ „ ., sec 2803. 

2805 (10.52) „ 

2806 (990) Fulwcll 

2807 (I09S) Fulwtdi (British Mii.seum) „ „ 

2808 (1015) 

2809 (1119) Fulwell . . . . „ 

2810 (1101) 

2811 (1123) 

2812 (1114) 

2813 ( 1 100) Fill well(Briti''lj Museum) „ 

2814 (1077) ^ 

2815 (1102) Fulwell .... Coralloid, sc);iepitien band.s. 1901. 

28 16 ( 1092) Fulwell(Brit i.sh Museum) „ „ „ ,> 

2817 (1135) Fllh^ell .... Coialloid. .see 27’.>9. „ 

2818 (1110) „ . . . . Honeyi'omb. to show eleavii^’o across rods. 

19(U. 

2819 (1112) Hrimary bauds and rods. 1900. 

2820 (994) Fulwell (Bi it Ml Museum) J5aiidinf» of honeycomb and primary band- 

iiiir. 

2821 (!)95) Weymoutli, Hor.sct (Two iscj^regation liands in mort.ir. 1899. 

in British Museum). 

2822 (100) Wall of Bamburj’h Castle, „ 

Nortlninihcrland. 

2823 (33) Fulwell .... r.seudo-orgaiuc .structure, 1900. 

2824 (31) „ 

2825 (35) Parson's Ho(;k, Hoker Cannon-ball bed. 1899. 

2826 (30) (Britisl) Museuin) . Kgtr and balls, single and compound. 
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Resect. 

No. 

2827 (37) Fulwcll . 

2828 (38) 

2829 (39) 

2830 (40) Hcnrlon Shore 


Botryoicliil nla^scs, some with * undercoat 
bandiiipr.’ 1900. 

Botryoidal masses, some with * undercoat 
banding.’ 1 900. 

MabS of halls. 1900. 

Balls and hands in alternate layers. 1900 


Kent. — Photof/ruphed by J. H. Baldock, Orf^rdaffi, Sf. Leonard's Poad, 
Croydon, Sent through the Croydon Microscopical and Natural 
History Club, 1/2. 

2681 (3) Gravel pit north of railway, 01dha\en Pobhle Beds. 1899, 

Shortlands. 

2683 (4) 0 ravel pit north of railway, „ „ 

Shortlands. 


Lincolnshire.— 7"’/ l-d by W. S. Pahrisii, 2 Waltham Street, 

Hull, Sent through the Hull Ceologictd Socict)/, 1/1 E. 


2877 (18) m. from Frodingham 

Railway Station. 

2878 (19) ^ in. from Frodingham 

Railway Stati(»n. 

Norfolk. — Photographed by A. 

Notts, 

2683 (G 15) (diff between West Rnn- 

ton & Sherringham. 

2684 (G !()) Cli tv between West Run- 

ton and Sherringham. 

2685 (G 1 7) Clitf between West Riin- 

ton and Sherringham, 

2686 (G IK) Clifl just E. of Sherring- 

1 in 111 

2687 (G 121) Xorwich • • 


Lower Jaas, Fiodingham Iionstonc, with 
oveilyini; 1 (‘ds of jieat and gravel. 1S9S. 
Lower Lias, Frodingham Iionstone, with 
overlying h(‘ds of pt‘at and gravel. 1 Sli8. 

T. Metoaifk, F,G,S,, South fvell, 

1/4. 

Gontortod Diift 1900. 

C’ontortcd Drift and Glacial Sands. 1900. 

Contortions in Glacial Sands and Gravels. 
1900. 

Contoitod Drift. 1900. 

Homo occupied by J*rofe<«sor Sedgwick 
when Canon of Norwich. 1900. 


Nortiiumukrland. — Photographed hj G. Bixolkv, Thornichurst, 
lleadiugley, Leeds, 1/2. 


2688 (5275) Shining Pool, Harthope 

Burn, near Woolor. 

2689 (5276) Below Shining Pool 

2690 (5277) From Sinning Pool 

2691 (5280) Cheviot from Lan glee- 

ford. 

2692 (5282) ilonsey Crag, Langlcc- 

ford. 

2693 (5290) South Bank of Ilarthopo 

Burn, Langlee. 

2694 (6291) J m, west of Calder 

Farm. 

2695 (5292 ) Near confluence of Green- 

side Burn and R. Brcami.sh, 
near Ingram. 

2696 (629.3) Nearconfluence of Green- 

side Burn and R. Breami.sh, 
near Ingram. 


Lateral Moraine. 1900. 

Ande.site llilLs, with Hedghoppe in hack- 
ground. 1900. 

Moraine material, continuing blocks from 
the Tweed Valle;, . 1 90n. 

Junction of Granite and Porpliyritc. 1900. 

Fre.sh Andesite, resting on Porjihyrito. 
1900. 

Junction of Grtinitc and metamorphosed 
Porphyrites. 1900. 

Overflow valh'y of glacial lake of the 
Brcami.sh. 1900. 

Porphyrites. 1900. 


Porphyrites with talus slopes (‘ glitters '), 
1900. 
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2997 (o2iir)) lUvop Til], near Wooler . 


2698 (i52‘.)7) near Akcld Burn, S. of 

Wliito Law. 

2699 (5209) M unday near 

Wooler. 

2700 (5:iOO) Uumblclon Hill, near 

Wooler. 


rhoiofjraphcd hy Cl. Hastinos, 

2831 (171) Cheviots from Tom Tol- 

ton’.s Crap:, near Wooler. 

2832 (I7:i) View across Wooler Burn. 

2833 (lfi«) Wooler Burn, «. of Black 

Law. 

28 34 (172) (lolf Links, near Wooler . 

2835 (199) Near Wooler 

2836 (197) Vi ^averinj; Bell, near 

Wooler. 

2837 (ir>:i) Boddam Dene, near 

Wooler. 

2838 (ir»2) We.st side of Akcld Burn, 

aho'.e Gleadseleupch, near 
Wooler. 

2839 (101) From Huinhlotoii Hill, near 

Wooh r. 

2840 (15H) Shnun,:^^ Tool, near Wooler. 

2841 (157) 

2842 (151) Linlioi'e Burn . 

2843 (15(1) liatiho])e Biirn, above 

Laiiple<-for<l. 

28^4 (152) IIouM‘V Crae, Lanclceford. 
2845 (15 1) diinetionof ilarthope Burn 
and Carey Burn, 


Foreground of Lower Carbordferou.s Hocks 
nn<l Ande.««i(e Hills of Cheviot in dis- 
tance. 1900. 

Overflow valley into Akcld Burn. 1900. 

Overflow valley of a glacial lake. 1900. 

Dry gorge, the overflow of a glacial lake. 
1900. 


15 Oak Lam ^ Brad/ortL 1/2. 
General View. 1900. 

D rv valle V behind 1 1 umbleton . 1 900. 

19()0. 

Two strearaloss rock-gorge.*?. 1900. 

Dry valley. 190 ). 

Dry watercourse. 1900. 

Bosf -Glacial gorge in Carboniferous con- 
glomerate. 1900. 

Deep channel. 1900. 


System of dry gorges. 1900. 

Uidge-^ and dry valleys. ll‘00. 

Dry valley ah«»ve pool. 1900. 

.lointed Augite-gVrfirite. 1900. 

(Jranite, veined with tourmaline. 1900. 

Fro.sh Ando"-itp. 1900. 

Clieviot Torphyrites. 1900. 


NoTTiMiHAM. — Pliotofji'aphfd hy K A. llusir, Knyiiircru Drjmrfniruty 
OaiUlhitUy XoftinyhaiUy ami nmfrihafrd hy J. SiiiPMAX, FJ/.S. 

2879 ( ) Hemlock Slone . . • Stack of New Hod Sandj-tonc cemented by 

Baryto.s. 1S99. 

8iinoi’.snii{i-:.'--/V#«i/oi//v//./r#^/ /;#/ R. A. RrnoicoM, J/.J., 


Tltr Muitvtfiii, 

2639 ( ) Caer (’aradoo, from cast 

slope of Helineth. 

2640 ( ) CaiT Cara doc 

2641 ( ) ... 

2642 ( ) ... 

2643 ( ) Cam* Caradoc and jiart of 

Hoju* Bowdler Hill. 

2644 ( ) Carado(‘, &e.,, from the Bur- 

wav on the Longmynd. 

2645 ( ) View from halfway between 

Wall's Bank and Hope 
Bowdler. 

2646 ( ) Near Dorrington Stjition, 

near Shrewsbury*. 


Plymnath. 1/2. 

General view of folding. 1SJ)9. 

Synclinal fold in IJriconian Hocks. 1899. 

.. i. tf 

M y> 

Vriconian Kocks. lst)9. 

The Uriconian Chain. 1899. 

Clee Hills, Wenlock Edge, &c. 1900. 

Two Boulders of grey (? Eskdale) Gramte. 
1900. 
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Photographed by W. Jerome Harrison, FXLS,, 52 Claremont Road^ 
Ilandsivorth^ Birmyngham^ 1/2. 

Rpffd. 

No. 

2658 ( ) Near top of Caer Caradoc . Brecciiited Rhyolite. 1897. 

2659 ( ) The Lawley, from Comley Uriconian Rocks. 1807. 

Quarry. 


Photographed by ^ . A. Cossins, Fornter Road, Moseley, 
Birmingham. 5/4. 

2896 ( ) Barrow, near Broseley . Fossil tree in Coal-measures, 1 901 . 

Staffordshire . — Photographed by W. Jerome Harrison, F.G.S., 

52 Claremont Road. Ilandsworth, Birmingham. 1/2. 

2647 ( ) Railway cutting, Aldridge . Coral mass in Wenlock Shale. 1900, 

2648 ( ) „ „ Fossiliferous Weiilock Shale. 1900. 

2649 ( ) 

2650 ( ) 

Photographed by Rev. C. F. L. Barnwell, Stramsludl Vicarage, Utto.eeter, 
Sent through the Forth Staffordshire Field Club. 1/2. 

2847 (9) The Common riot, Stone . Artificial Caves in Keupcr Sandstone. 1901, 

2848 ( 10 ) 

2849 (12) „ „ Ripple-marking on roof of ‘ caves.’ 1901. 

2850 (11) 

Photographed by H. J. Steele, Barton Home, Bnrslem, Sent through 
the Forth Staffordshire Field Club. 5/1. 

2851 (8) Beggar’s Well Quarry, near Faulted Tritis^ic Sandstone. 1S99. 

Alton. 


Surrey . — Photographed by H. \V. Monukton, F.G.S. , 3 Uurcoart 
Buildings, Temple, E.C. 1/1 E. 

2701 (985) Tadworth Railway Cutting Drift resting irregularly on Thanet Sands. 

1X98. 

27 02 (987) „ „ Thanet Sand on Chalk 1898. 

2703 (1472) Godstone, W. of main road Folkestone Beds in Lower Gi eiuisand. 1 900. 

in village. 

2704 (1473) God.stone, W. of main road „ ., , 

in village. 

Photographed by F. W. Roearts, 23 OHcer Grove, South Fonrood, S.E. 
Sent through the Croydon Microscopical and Futural History Club. 
1/1 E. 

2705 (1) Addiscombe Road, Croydon . Blackh(‘alh and ()ldha\(‘n lh‘(K oveilying 

Ostrea Bed. JS9S. 

Photographed by W. B. Bannerman, F.G.S., Sydenham Rond, Croydon. 
Sent through the Croydon Microscopical and Fatural History Club, 
1/1 E. 

27Q6 (2) Seneca Road and Bepsham Sandstone Boulders at bottom of gravel 
Lane, Thornton Heath, pit, resting on London (day. 1899, 
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Pholoj/mphed hy J. II. Baldock, Overdale, St. Leonards Road, Croydon. 
Sent through the Croydon Microscojncal and NaHiral History Club. 
1/1 E. 

Rogd. 

No. 

2707 (5) Whyteleafe Clialk Pit . . Lower part of Uiiper CLalk and Middle 

Chalk. 1891)? 

Phofnyraphcfl htj Miss IVIauy S. Johnston, llawhrood^ ^Vmdiledou 

Snrvfy. 1 / 4. 

2852 (10) Qiiairv north of CodsI one . Lower bed of sand in Folkestone Reds. 

1900. 

SrssRX.- Phototjraphed for \V. W. Watts, Jitniihif/Junn Univcrsilye 

1/1 mid 1/2. 

2853 ( ) Fast of Scaford . . Valley in Chalk- Downs, illustratinfr sub- 

aerial topeoraphj’. ISOS. 

2864 ( ) Near mouth of 1*. Cuck mere CTialk Clilfs; de.«tructioii of subaerial 

topoprajdiy by the sea. 1S98. 

WAi{\M(‘KsniHK . — Photoymphed hy W. Jkrome Harrison, FJPS.^ 

52 CUirnnont liood^ Ilmuhn'orthy Pirmtuyhmn, 1/2. 

2651 ( ) Rlaekruot Pool, Sutton Park Fault in Trias. P.toO. 

2657 ( ) Teinjile Crafton, N.W. of Scarj) of lUuetie Rocks. DUX). 

St rat f ord-on-Avon. 

WEsTMORKhANi). — Phot(Kj rctphcd hy A. K. CooM vra-Swamv, 7>.AV., FJf.S., 
Worph’Sfhnf^ (JuiUIJord, I L 

2865 ( ) Ninth side of Duninail Raise Moraine mounds. 1900. 

WiLTsiiiHK. — 6// A. K. Coom vka-S\v vmy, /?.AV., F,(r.S., 
]Vttrph',sdffH^ iitPildjord. 11. 

2856 ( 1 Field.s, .V in. N.F. of Place Scenery in the Vale of TVardour. 1900. 

Farm, T'ishurv, 

2857 ( ) DadN down, near Tislniry . Mhldle Pin heck Rocks. 1900. 

2868 ( ) (Tiilniark Ravine, west side Fpper Portland * Lo\Ncr buildiiijir Stones’ 

1900. 

2859 ( ) „ „ ea.st side Upjier Portland. * Chalky Series.* 1900. 

Worcester. Photoyraphed /^//W. Jerome IFarrison, 52 Clare 

mout Pnad, llandsirorth. P»iriubiyham. 1/2. 

2652 ( ) Wren’" Nest, Diuiley . . (Jeneral view of Silurian inlier. 1900. 

2653 ( ) M Cimctl strike of Wenlock Shales DUH). 

2654 ( ) The Lickey Hills, seen from (’ainhrian Quart /.it e,flankc<l b}" Llandover}' 

Rubery. Sandstone. DU)0. 

2655 ( ) Rednall and Bilberry Cambrian Quartzite. DKIO. 

Hill, The Lieke^s. 

2656 ( ) Bilberry Hill . . . C\erfoldcd Cambrian Quartzite. 1900. 

Yorkshire. - Pholoyraphni hy (Jodfrey 11in(;lky, Thorn klnir sty 
Ucadinyhn/y Lerds, 1/1 K. 

. Lower Maiincsian Limestone. 1900. 

• • »i 


2860 (S3ir.) Garrortli . 

2861 (.'.;M7) „ 


II 
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Regd. 

No. 

2862 (oH48) Mickledeld . . . Magnesian Limestone. 1000. 

2863 (6:U0) „ . . . 

2864 (53>>0) „ ... PipcdsurfaccoflMagncsian Limestone. 1900. 

2865 (5.S.52') Mean wood Valley, Leeds. Folded Ganni.stor beds. 1900. 

2866 (5351) ,, „ Stigmaria in Gannist or Sandstone. 1900. 

2867 (5338) Draiigbton Quarry, near Folded, brecciated, and overthrust Car- 

Skiptoii. boniferous Limestone. 1900. 

2868 (5.310) Draughton Quarry . . Folded brecciated, and overthrust Car- 

bonifcious Limestone. 1900. 

Thotogmiiilml hy J. W. Stather, 224 Spring Hanky Hull. Sent through 
the Hull Geological Society. 1/1 E. 

2876 (20) CliiTs near Skipsea . . Chalk embedtled in Boulder-clay, cnishecl 

by glacial action. 1900. 

OAR^\n\os.—Photngraph'^fl by \V. Jerome Harrison', F.G.S.j 
52 Claremont lioady Handsioorth^ Birmingham. 1 /2. 

2708 ( ) Conwaj’ Mount lin and ]*en- Intriisi\c; felsites and diorites. 1900. 

maenuiawr, from Jliganwy. 

2709 ( ) Great Oriue’s Hoad, from Bouldcr-clay and Carboniferous Limestone. 

Diganwy. 1900. 

2710 ( ) Diganwy Shore . . . Clitf of Black Bouldcr-clay. 1900. 

2711 ( ) „ Cliff of nouldor-clay. I!>b0. 

2712 ( ) „ Clitl of Black Boulder-clav. 1900. 

2713 ( ) .. 

2714 ( ) „ Striated Boulder /// in Boulder-clav. 

1900. 

2715 ( ) „ Clitt of Boulder-clay and boulders wiished 

out of it. 1900. 

2716 ( ) „ Laigo Sciatched Boulder. 1900. 

2717 r ) „ 

2718 ( ) Snowdon, from Bwlch Main Bala \olcanie ash. 1900, 

2719 ( ) Bwlcli Main, Snowdon . Bala slaty rock.s 1900. 

2720 ( ) Cwm Glas, from the Pass Moraine and Perched Block.s. 1900. 

of Tdaiiberis. 

2721 ( ) Cwni Glas, from the Pass Moraine. 1900. 

of Llanbens. 

2722 ( ) Cwm Glas, from the Pas.s ,, „ 

of Idanberis. 

2723 ( ) Cwm Glas, from the Pa.-^s Moraine, near view. 19oO. 

of Llanberis. 

2724 ( ) Pa.^s 01 Llanberis, looking liaches vwutonnfr.^^' 1900. 

up, near Pont-y-Gromlech. 

2725 ( ) Pass of Llanberis, hmking Crags and Screes of E.-sgair Felen. 1900. 

down near Pont-y-Gromlceh. 

Pembrokeshire . — Photographed by . Jerome Harrison, F.G.S., 

52 Claremont Road, Handmeorihy Birmingham, l/l. 

2660 ( ) South of White.sand Bay . Terminal curvature in Cambrian Slates. 

1897. 

Phoiogrn plied by C. J. Watson, BotvilJe Roady AcocFs Greeny 
Birmingham. 1 ' 2 . 

2726 (940) Stack Hocks, Tenby . . Marine erosion in Carboniferous Limestone* 

1H99. 

2727 (909) Old Quarry face, I’cnby . Prodiwtm in Carboniferous Limestone. 

1899. 
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SCOTLAND. 

Inverness. hy A. K. Coomara-S\v\my, /?./Sc., 

Worphitdon^ (^Unldford, 1 / 1. 

No. 

2869 ( ) Ni'Jir Sy-ur-a-Marbliiiid . Rlock of contorted LcwUian Gnci"'?'. 181)9. 


IRELAND. 

I)ONE(iAL . — Pliotnfjrapked hy Miss ^F. K. Andrews, 

12 CoVeya (/ardenSf ppl/aaf. 12/10 K. 

2870 (70) ^lidlaj,diderg, Iiiishfrco Ru}- Spheroidal Granite. 1900. 

ROCK STRUCTORES, Ac. 

Pholojrn}duid by A. K. Co<>MAiiA-8w.\MY, , FdJ.S., Worphadon^ 
(iuildford, 1/4. 

2871 ( )aicn(lr.r at erra, Cumberland ; Specimen!* of Cliia‘«tolite-slatc. 11 m)0. 

an<l Rriltany. 


Photoyraplipd hy W. W. Midoley, Tin' Poltnn, 1 '4. 

2872 (.”>0) Art liurV Seat. IMinburjh . Olivine-ba'-alt. x 20. 

2873 (5r>) Sudbury, Ontario . . OliviTu-ctiabast'. / 1^. 

2874 (.Vi) Rertoon, Raiitf . . . Pef'inatite, 20. 

2875 (11) Armbotli Fell, Cumberland Quart /-pnri'b^ry. x ;»0. 

See al^o under 1‘uibam. 


LIST II. 

Tin: DUIM.K’ATK (LOAN) COLLECTION. 

Thti nuniLtii's })lacc(l afti'r tlu* description of the i)hoto"raph refer to 
the list of pliotogra])hers, whose names ami addresses are given at tin? end. 
Full localities and deseriptions are given in List T. under the nunihers. 
Tliis colleetioM is arranged geologically, ami from time to tiim* the less 
}»erf(‘et and h*ss tyj>ie!il photographs will he removed and better ones sub- 
stitnt(‘d as tln*y an* given. Tlit>s«‘ laid aside can ahvay.s be seen, stmt, or 
returned by napiest. 

* Imlieates lliat print. s and slides may be bought from the photographer, 
r. indicates ])rints. S. indic.'ites slides. 

Rock Structures, 

Fosdls in Rocks, 

2846 Fo Tre(‘ in Co.ibineasurc.s , Barrow, Rr^seley, SInopbhirc. 01 T. 

Ei'idmccs of Furth-moremmt, 

Foldimj, 

Near Wildorsmoulh Reach, Ilfracombe, 
Devon, tin P.S. 


2740 Anticline . 
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Surface Agencies : Denudation and DeiwsiL 
Marine Action: Denudation, 

2741 ^Farine Pothole .... Ilfracombe, Devon. fiO P.S. 

Characteristic Rocks and Landscapes, 

Mesozoic, 

2857 Middle Purbeck Rocks . . Ladydown, near Tisbury. 40 S. 

Names and Addresses oj Donors n)id Phofogr(fphers, 

40. A. K. Cooraara-Swamy, Walden, Worplesdon, Guildford. 
r>0. Professor W. Hillhouse, The Univci-sity, Birmingham. 

Gl. J. A. Cossins, Forster Road, Moseley, Birmingham. 


Ossiferous Caves at Uphill, — Report of the Coniniiffee, consist i/ig of 
Professor C\ ^&LOYi) ^roiBrAN (Chairman), ^^r. II. Floi/rov 
QSecretarij), Professor W. iioYD Dawkixs, ^[r. ^^V, Jl. JIakkkr, 
Mr. S. H. Keynolds, and Mr. E. T. Newton, appointed for ihc 
purpose of excavating the Ossiferous Caves at Uphilf near 
super~Mare, 

The Committee have to report that no furth(3r progress has beim inaclo 
since last September. Quarrymen in the ordinary course of their duti(‘s 
have continued to cut back the rock face for road material. The lissur(» 
caves first excavated are now in larjre part destroyed, but little of interest 
was found. Visits have been paid by the local members of tlu^ Commit tee 
on several occasions in the hope of locating a new deposit, but none could 
be found to justify working. 

The chief find of interest during the year has been that of a badger 
skull, in good condition. The badger is native to the country, tin* last 
specimen in the Uphill district liaving been killed about twelve y(‘arsago. 
The present skull seems, however, to liave been contemporaneous with 
the cave animals. 

A well developed tooth of Elephas and two portions of a fine tii.sk 
were picked up by the quarrymen. 

Professor Reynolds has continued his examination of the cave inat(*rial, 
and will publish his observations later. 

The Committee, finding no site was promising cnougli to work, did not 
draw the grant of bl. made la.st year. The Committee do not ask for 
reappointment. 


The Zoology of the Samhcich Ishinds, — Eleventh Report of the ( \nnmiHee, 
consisting of Professor Newton (Chairman), J)r. W. ^l\ Bf.an- 
lORD, Professor S. J. Hickson, Mr. V, I)n (Jane Codman, J)r. 
P. L. SCI.ATEK, Mr. E. A. Smith, and Mr. I). Sharp (Serretarg), 

Since the last report Mr. R. C. L. Perkins has been maintained by the 
Committee at his work in the islands, and it is intended that he shall 
remain there for a few months longer, after wliieh the funds of the Com- 
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mittee available for this purpose will be exhausted. He has been working 
almost solely on the island of Oahu, where zoological devastation is taking 
place both extensively and rapidly. 

Seven parts of the ‘ Fauna Hawaiiensis ’ have now been published, 
and two more are in the press. The part published since the last 
report is devoted to Coleoptfira^ and was prepared by Mr. Perkins while 
in this country, and by the Secretary of the Committee. 

It is hoped that Mr. Perkins’ services may be secured after his return 
to this country with the (jbject of completing the ‘ Fauna Hawaiiensis.’ 

The Committee asks for reappointment with the same powers as 
before and a grant of 50/. 


ritnildonmi/J P/tjfsirfd Conditions of the Channel^ 1899-1000. — 

Interim l^eport of the Committee, rousittii/nf rf Professor E. Hay 
Lankkster (Chairman), Mr. \Y. Garstang (Secreiarif), Professor 
W. A. Hkrdman, and ^Ir. H. N. Dicksox. (Dramn vp Inj the 
ISecretffrij.^ 

The analysis of the numerous collections of Plankton made during the 
periodic cruises in 1899 P.lOO is now approaching completion. 

Owing to the many disadvantages of the counting method introduced 
by Hensen an attempt has been made to utilise the method of graded 
filtration in the (quantitative analysis of the vertical hauls, the mass of 
each * grade ’ being determined volumetrically. Five grades have been 
selecteil, which correspond in general with the following dominant types 
of the plankton : (1) Medusoids, (2) Calanus, (3) small Copepods, 

(4) Larva', /5) Diatoms and Cilioflagellates. The largest grade is that 
determined by a square mesh whose side is 1*5 mm. long ; the next by a 
mesh 1 mm. square. These dimensions are approximately realised in 
bolting silk (‘miller’s gauze’) having sixteen and twenty-six threads to 
the inch respectively. The following table gives the complete series of 
standard filters adopted : — 


Grade Xo, of Threads per Inch Xo. of threads per ein. 


A 

1»> 

C)-7 (t> meshes) 

V, 

20 

10 

(’ 

;*iO 

20 

1) 

100 

10 

E 


(iO 


Tt is found that the ('rrors which attcml tlu* volumetric method when 
applied to plankton samples consisting of mixed and varied constituents 
are greatly reduced by the preliminary process of separation into deiiuite 
grades of size ; and it is hoj>ed that a thorough trial of this method of 
analysis may result in its establishment as an (‘llic ient method for the 
(quantitative comparison of plankton of ditfen'ut localities and seascuis, iu 
conjunction with the metliod of vt'rtical hauls intn^duced by TIen.sen. 

Tlio Committee resp('ctfully re(quest their reaq^pointmont for one yc^ar 
longer, witlioiit a grant, iu order that they may present ii summary of the 
results to the next Meeting of the Association. 


1901 . 


A A 
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Occupation of a Table ai the Zoological Station at Naples, — lieport of 
the Committee j consisting Professor W. A. Hp]RDMAN ((Nairmanf 

Professor E. Pay Lankester, Professor W. F. P. Weldon, 
Professor S. J. Hickson, Mr. A. Sedowick, Professor W. C. 
McIntosh, and Professor G. B. Howes (Secrefarg). 


APPENDIX P\(iK 

I. a. Ueport o7i the Occnpation of the Table. Ihj Dr. II. Hamlyn-IIauris, 

F.R.M.S.., Onthe Statocy.Hts of (\‘phaloj) 0 (la ' . , . 355 

b. Report on the Occupation of the TMe. Jiij Dr. A. 11. Reoinald 
Duller, R.Sc. Fir the continimiion of his prerious inrestigatinu of 
^ The Fertiluatioti Process in Fehi noidea' ..... 356 

II. A List of Fatvralists n'ho hare ivorhed at the Zoological Station from 

the end of June VdOO till the end of June \\)0\ .... 358 

III. A List of Papers n'hieh n-ere published in the Year IDOO bg the A^aturalists 

who hare occupied, Tables in the Zoological Station .... 300 

IV. A List of the Publications of the Zoological Station during the Year ending 

lUOl . . . ‘ 301 


The work of the year has been of the steadily j'ru<;r(‘SM*\ orchT which 
marks progress. Mr. H. If Stewart, for whom appeal was made, was at 
the last moment prevented by college duties from fultilling his desire. 
Capable •■,vr were, however, forthcoming in Dr. Reginald Buller, 

of Munich, and i>r. Hamlyn- Harris, also at present working on the 
continent. The.se gentlemen, in availing themselves of the opportunity of 
study which the Association afforded, have accumulated material sutficient 
for long-continued research. 

In a letter received by your Committee from Or. Anton Dohrn special 
acknowledgment is given, on behalf of himscdf ami the as.sociated momber.s 
of his staff, of the terms in which, in the As.sociation s R(‘port for 1900, 
their work has been described. He desires tliat the be.st thanks of all ))e 
conveyed through your Committee to the olhoei’s and members of the 
Association for their confidence and support, with the assurance that it 
has done much to encourage them in their conviction that t he reipiirements 
of marine biological study are as gr(*at as those of the ternvstrial order, 
and that both should be equally maintained and equipped. 

Under this resolve, efforts are now being made at Naples to develop 
the experimental and more strictly physiological side of the work in hand. 
It is needless to insist on the advantages which must accrue from the 
study of the rich fauna of the Neapolitan marine area to Mic largely open 
field of comparative physiology. Work of the experimrmtal typ(‘ is now 
revolutionising certain branches of biological inquiry, and in deciding to 
keep pace with this, those in charge of the Naples establishment are to be 
commended. 

To the resolve of Dr. Dohrn and his associates your Committee 
acquiesce, and they, with increased a.ssurance, recomnumd the claim of tlie 
Naples Station for continued support to your consideration. It has been 
in the direction for which encouragement is now sought that both occupants 
of the Association’s table have during the past year been engaged — Dr. 
Buller’s work having been more especially of a most advanced order — 
and it is accordingly with the greater satisfaction that your (V)mmittee, 
in applying for a renewal of the grant, do so to enable Mr. K. Gurney, of 
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Oxford, a tried investigator, to study the origin of the excretory organs 
and other points in the development of the Crustacea, and more particu- 
larly the fertilisation process in the Decapods, and also to enable Air. 
W. Wallace, 13.Sc., Barry Scholar of the University of St. Andrews, to 
study viviparous fishes. 


APPENDIX T. 


Itpporf 071 iJiP. Orntpaiioii of ilie Table of the Ih 'dhh- Apmnutlioti' In the 
ZonlfHjind St(tf}OH a1 Xaplea dariiaj the nwnlliti of Febrna'rif, ^farrhy 
Apniy and Mttify 1901. 


The Statooysts of Cf*ph(tlopo(Ja, By K. IlAMf.YX-irAJiHTS, F 1( d/.*S*., T.Z.S. 

Tlianks to the kindness of the Conimittee of the British Association 
for the Advancement of Science, T was permitted to occupy their table 
from February 22 until June 3. 

A great part of this time was occupied in the examination and study 
of the fauna of the Gulf of Naples. 

Aly special tibject, however, in visiting Naples was to institute a 
thorfiugh research into the organs for the maintenance of equilibrium 
Klleichgewichtsorgane) in the Cephalopoda. 

C)f tlie Cephalopml species occurringin the Gulf of Naples the following 
were placed at my disp<isal and made use of by mys(»lf : — 


Earn . — O m m asth kp i r 1 1 ).e. 

Todarojisis V* raayi 
Earn.- (jNtJini. 

Veraiiya sirida 
Fain. Shimolixi. 

Si jnida rondibfil 
Rush ia in arrosoma 

Earn . — S KPi A KIT. 

Sf pJa of/iciiadis 
Frpia Orbt ytif/aiia 
Ffjda eft (/(tits 


Earn. -- Louoexii, 

Jjolujo vvlyana 
Lolajo ma nnnroi 

Earn. — Am JOXAUTID.E. 
Orythof fahercnlata 

Earn. — OcropiD.K. 

Octop as vnlya ris 
Octopus ioacr(f/>us 
Octiyms difdijdi 
Flcdoar moschata 
Eh'douc Aldrouanti 


Young specimens as well ns embryos of certain of the above species 
were also fixed and preserved. 

Two of them, vi/.., Ocvthoc tuberculata and Veranya sicula, are pelagic 
and comparatively rare. 1 was therefore able only to obtain a few 
specimens of these. 

The only existing work on the so-called auditory organ of tho 
Cephalopoda is that, of Owsjannikow and Kowalevsky, published in lS(i7 
in * Meinoircs de I’Academie iinp«*riale lies Sciences de St-Petersbourg,’ 7® 
scHc, tom. xi., No. 3. 

This valuable memoir, conttxining as it. does th(‘ result of extensive 
microscopical research, is, however, thirty- three years old, and science and 
iniiToscopical methods have during that periixl made wonderful strides. 
It will therefore be readily seen that after so many years a more detailed 
histological examination of the sauie subject should yield important results. 

A A 2 
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In the majority of cases it was my practice to make use only of sucl 
parts of the head as I needed, and it was interesting to note that in everj 
instance, among the Decapoda, at least, the statoliths were visible througl 
the cartilage in specimens just killed, but that the transparency, as woulc 
be expected, disappears after fixing. 

The cartilage of the Octopida3 seems to be less transparent, as it wai 
only with difficulty that I could discern the statolith without opening the 
cyst. 

The statolith, which dissolves iii acetic acid, giving oft’ a gas, whet 
tested according to a well-known method proves to consist of carlnjiiate o 
lime, and by this treatment a membrane enveloping the whole of th< 
calcareous coiicretuei t is all that is left. 

The statocysts of the Ceplialopodn. show the highest state of organisa 
tion among the invertebrata, occurring for the first time as stationary 
calcareous organs, held in place by an outer membrane, and situated on tin 
Macula acu.stica. 

The endolyniph combined in the vesicle consists of a clear alkaliin 
fluid, which is shown by the xanthoproteic reaction to contain albumen. 

Time must necessarily elapse before my studies in this direction Jir< 
completed, when I hope to publish the result of my labours. 

I am coniinuing my studies at the Zoological Institute of Tubingei 
University. 

I should like to take this opportunity to express my warm appreciatioi 
of the way in wliich the Zoological Sbition is managed, and my siticer 
thanks to the various members of the staff, (‘.specially Prof«‘ssor Ki.sig 
Professor Paul Mayer, and JDr. Lo Bianco, for the many courtesies whicl 
they showed me, and the valuable advice and assistance which they wer 
ever ready to give. 

To the Committee of the British Association for the use of their tabl 
my especial thanks are due. 


h. Report on the Occupation of a Table at the Hfaziove Zoologica^ Xapleti^ 
during March and April ICOl. 

The Fertilisation Process in Evhinoidea. 

By A. 11. Rbuixali) Bulls k, /y.*Vc., Ph i). 

I occupied the table of the British Association from March ‘JO unti 
April 25. 

The research work undertaken was a completion of a study of the cau.’^e 
leading to the union of the eggs and spermatozoa of the Echi noidea. 

Further observations and experinumts w(*re ma(l(3, supporting th 
conclusion, already reported, that chemotaxis plays no role in bringing th 
sex-cells into contact, and that the .spermatozoa are probably incapable o 
responding to chemotactic stimuli. 

Special attention was paid to the movement of the spermatozoa upoi 
surfaces, and to .he manner in which they penetrate the thick zoni 
pellucida surrounding the eggs. 

The following rule was found to hold good : — Whenever the spermato 
zoa come in contact with a surface bounding the medium in which the; 
are moving, they cling to it, and they either become fixed to it almos 
at once or, more usually, rotate upon it. In the latter case, if th 
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Surface be regarded from the point of view of the spermatozoa, the rotation, 
with rare individual exceptions, is always in the counter-clockwise 
direction. 

The rotation phenomenon may be well seen when a drop containing not 
too many spermatozoa is placed upon an object-gla.ss and examined under 
the microscope with a magnitication of about 300 diameters. If the upper 
surface of the drop bounded by air be then carefully focussed, the 
spermatozoa clinging to it appear to the obsc-rver to revolve in the clock- 
wise direction, but when the lower surface bounded by the glass is 
examined they are seen to move in a counter-clockwise direction. 

The rotation rule w%as verified for live species of Ecliinoidea, and for 
representative's of all the other classes of JEchinocl nnata. The species 
examined were the following : — 


ECillN'ODEIlMATA. 


Class 1 . - 1 loi.OTIIVROJDEA. 

Holidhurln StrlUui^ D. Cli. 
Class '1, - Echinoiiiea. 

Erhintfs mhu'ntuhrrci htfus, 131v. 
Sjfh(t rrch I iiiffi t/rati /fov’v, Ag. 
Arhncin fnisfulufid, (bay. 
StroHjjocf^nfrttfns lividn^y I5rdt. 


Class 3 . — Asteuoidea. 

Jstf^rins O. F. M. 

KchhiHii1*'r srponifNs, Mull. Tr. 

Class 1 . — OpH 1 r KOI OKA . 

O/Jiio'/t'rinn lonf/inntfia, !Mull. Tr. 
Opitith/fifphn lacertoita, Lyman. 

Class 5. — CiiiNOinEA. 

A)ihiion rosacfa^ Norman. 


It is a somewhat nMiiarkahle fact that rotation upon surfaces in a 
countei'-clock%N ise dir(*i tion was also observed by Dewitz * for the sperma- 
tozoa of certain insects. He believed that the si>cnnatozoa were thus 
specially adapted foi* the purpose of linding their way into the niicropyles 
of tln^ eggs. Such an explanation could not, liowever, apply in the case 
of the Erftln<td* riiK(f(t, for no micropyle.s are present, and the gelatinous 
zona pellucida is everywhere ]>enetrahle. 

The spermatozoa of the tJrhinoidf a easily b(*come attached to glass 
and other surfaces by the points of their conical heads u[>on which they 
often contiiiiie to revolve. 

After b(*comiiig attached to the zona pellucida the sp(»rmali>zoa make 
their way through it in a more or le.ss radial direction. The penetration 
from the out(‘r to the inm*r surface of the zona pc'llucida docs not depend 
u])on a ehemotactic stimulus, for it was fouiid that- the phenomenon was 
e<|ually well se»'n upon (1) ri]>e eggs, ('J) eggs of full size which had not 
undergone matination, and (3) eggs which had been kilh*d with osinic 
acid and then washed. IV.netration of the spermatozoa into the gedatin- 
iaing outer wall of the oosj)orangiuni of (''ifsfori/rtf }>nrla1n (one of the 
Eitnirnr) t«»ok ]>lace in a striking manner, the jelly Ix’coming densely 
erowded. Tiie spermatozoa likewise eolleeted in great numbers in the 
jelly from tlu* cell-walls t)f seeds of Liintui and also in the 

zona pellucida of KrhinuH eggs after long se}>aration by shaking. 

The entrance of the spei niatozoa into gelaf inous substances, and also 
their attachment by the head to living eggs, is connected with their power 
of clinging and Ix'coming attached to surfaces in general. The more or 


* Dewitz, PfiUgcr^B Archh^ lUl. 3?:*, p. 358. 
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less radial penetration of the zona pellucida is possibly due to stereotaxis^ 
but a purely mechanical explanation is not excluded. 

Several writers, for instance Wilson,' and especially Verworn,- have 
supposed that cheniotaxis is a constant factor in the fertilisation of animal 
eggs. This generalisation, which has been made by arguing from the 
attraction of spermatozoa to the eggs of certain plants, is as yet entirely 
without experimental justification as regards animals. From my own 
results, which agree with those obtained by Massart in the case of the 
frog, and with the work of Dewitz * upon certain insects, I have been led 
to suppose that whereas contact phenomena are of great importance, 
chcmotaxis, at any rate for a great number of animal species, plays no 
r6le whatever in bringing the spermatozoa and eggs into contact. 

Before the close of the year I hope to publisli a full account of my 
work. 

It gives me much pleasure to acknowledge my indebtedness to the 
Committee of the British Association for the use of tlie table, and also to 
the staff at the Stazione Zoologica for their kindness and courtesy. 


APPENDIX IT. 

A List of Katuralists who have workvd at the Zooloylcal Station fi'oin 
the end of June 1900 to the end of June 1901. 


Num- ! 


Sttito or Uinvrrbity 

Diiiiition of 0( cuiniiu y 

ber on 

Naturalist’s Name 

\\host‘ Tablo 

— 

— 


— — 

List 


^^as nuulo use of 

AiriMil 


1 Vptiitino 

1183 

... 

Dr. K. Botta/zi . 

Italy 

July 

1,1900 

Oct. 7,1900 

1181 

Dr. F, Capobijinco . 

»» ... 


1, 

,, 

Dec 31, „ 

1185 

Prof. A. lius.su . 

„ ... 


3, 


J)t*c 25. „ 

1180 

Dr. V. Ariolji . 

„ ... 

»» 

IG, 

», 

St*pt.:tO, 

1187 

Prof. F. Kulfaele 

,, ... 

M 

IT, 


Nov. 1, ,, 

1188 

Dr. E. Radi . 

Austria , 

»» 

IT, 


Aug. 13, „ 

1189 

Dr. K. Andr{- . 

Switzerland 


18, 


Sept 2, „ 

1190 

Dr. D. Pcdascheiiko . 

Kus.sia 

*» 



Aug. 20, 

1191 

Dr. P. Enri(|ucz 

Italy 

», 

25, 


Deo. 1, „ 

1192 

Mis.s M. Pas(}uale 

,, ... 

Aug. 

1, 


,, 31 1 ,, 

1193 

Dr. G. Mdzzarrlli 

»» ... 


2, 


Sept .29, „ 

1194 

Dr. E. (Terriiaiio 

1 Zuolog. Station 

»» 

1. 

,, 

Mar 1.1901 

1195 

Dr. A. Leontowitsch . 

I Russia 

tf 

9, 

*, 

Aug. 31, „ 

1190 

Dr. F Piazza . 

! Italy 

Vf 

11, 

,, 

Sept 1 5, „ 

1197 

Dr. T. Meisenheiniei . 

1 Pinssia . 

VI 

ir», 

,, 

Sept 21. 1900 

1198 

Dr. E. Crisafiilli 

Italy 


13, 

,, 


1199 

* Prof. }*j Apathy 

' lliiupiry. 


Is. 


„ 2 S, i9oo; 

1200 

1 Prof. F S. Monticolli 

ltal\ 


21 r, 



1201 

I Prof (i ('zokor . 

Austria . 


2b. 


Oct. 15, 19CM) 

1202 

Prol. F iSanfclice 

i ltal> 


2S, 


N'ov. i;i, „ j 

120.3 

Pi of. P. Fiancotte 

' Bclgiinn . 

IV 

:io. 

,, 

()< t. i:i, „ 

1201 

Prof. A. Ricliter 

1 IlaiiKary . 

vv 

HI, 


' Sept 11, „ 

1205 

Prof. H. Bachmann . 

1 Switzerland 


HI, 


1 Oct. 2fl, 

1200 

Dr. W. Straub . 

1 Saxony . 

1 Scj.t 

♦b 

11 

1 Nov. 1. .. 


' E. B. Wilson, The Cell in Development and Inht 
p. 19G. 

* Verworn, 1895, p. 425. 


ritancCf 2tu\ edition, 1900, 


“ Massart, IMkiins de VAead. roy, dea Sci. de Delyiqne, 9'’ p6r., torn, .w., No. 5, 
1888, and torn, xviii., No. S, 1S89. 

* Loc. fit. 
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A List op Natuealists — ooivtinued. 


Num- 
ber on 
List 

Naturalist’s Name 

State or University 
whose Table 
was made use of 

Duration of Occupancy 

Arrival 

Departure 

1207 

Dr. F. Marino . 

Italy 

Sept. 8, 

1900 

Oot. 19, 1900 

1208 

Prof. 0. Mensch 

Smithsonian Table . 

„ 11, 


Sept. 2 2, 

»» 

]209 

Dr. M. Henze . 

Zoolog. Station 

Oct. 1, 




1210 

Prof. W. T. Porter 

University Table . 

„ 6, 


Nov. 17, 

1900 

1211 

Mr. L. Doncaster 

Cambridge 

„ 7, 


June 30, 

1901 

1212 

Dr. 0. Cohnheim 

Baden 

Nov. 21, 


Apr. 24, 


1213 

Dr. G. Cecconi . 

Italy 

„ 26, 


Feb. 6, 


1214 

Dr. G. Mann 

Oxford . 

Dec. 15, 


Jan. 10, 


1216 

Baron T. v. Uexkiill . 

Hesse 

„ 17, 





1216 

Dr. N. Goronowich . 

Zoolog. Station 

„ 22, 


Dec, 31, 

1900 

1217 

Dr. A. Nathansohn . 

Saxony . 

Jan. 1 , 

1901 

— 


1218 

Dr. von Dungern 

Prussia . 

M 1, 

»» 

Apr. 18, 1901 

1219 

Dr. G. Jatta 

Zoolog. Station 

» 1, 




1220 

Dr. G. Tagliani 

Italy 

» 1, 

,, 

— 


1221 

Dr. V. Diatnare . 

„ 1, 





1222 

Dr. F. Capobianco . 

»» ... 

» 1, 

,, 

— 


1223 

Dr. M. Pierantoni 

... 

„ 1, 




1224 

Prof. T. d’Evant 


,» 1, 


— 


1226 

Dr. G. Rossi 


„ 1, 





1226 

Prof. C. Gioffredi 

• • • 

., . 1, 





1227 

Miss Buchanan. 

Oxford . 

„ 21, 


Feb. 9, 

1901 

1228 

Dr. E. Bresslan . 

Strassburg 

Feb. 6, 

,, 

Apr 4, 

»» 

1229 

Dr. M. Philippson 

Belgium . 

„ 10, 

,, 

„ 26, 


1230 

Miss C, Clapp . 

American Women’s 
Table 

„ 11, 


May 23, 


1231 

Miss L. Wallace 


„ 11, 


„ 23, 


1232 

Dr. E. Riggenbach . 

Switzerland 

„ 3 3, 

11 

Apr. 1.S, 


1233 

Dr. H. Harris . 

British Association . 

21, 
Mar. 4, 

11 

June 2, 


1234 

Dr. H. Winkler. 

Wiirtemberg . 

11 

Apr. 16, 

11 

1236 

Dr. H. Mielie . 

Prussia . 

„ 6, 

11 

„ 27, 


1236 

Dr. A. Fischel . 

. Austria , 

„ 0, 


,. 16, 


1237 

Dr, P. Rothig . 

Prussia . 

9. 

11 

Mar. 16, 


1238 

Dr. 0. Maas 

■ Bavaria . 

11. 


May 26, 


1239 

Dr. C. Gunther . 

Baden 

„ 12, 

11 

Apr. 18, 


1240 

Prof. G. Karsten 

Prussia . 

,, 14, 

11 

„ 20. 


1241 

Dr. A. Bailer 

British Association . 

„ 18, 


22, 


1242 

Stud, C. Thesing 

Hamburg 

„ 20, 

11 

Junel2, 


1243 

Dr. M. Tobler . 

Switzerland 

20, 

1 

„ 12, 


1244 

Miss C. Bonnevie 

Zoolog. Station 

„ 26, 


Apr. 16, 

1» 

1245 

Prof. S. Exuer . 

Austria . 

„ 29, 

,, 

» 24, 

It 

1246 

Dr. F. Kopsch . 

Prussia . 

„ 30, 

,, 

„ 29, 

11 

1247 

Dr. F. Stevens . 

Smithsonian Table . 

Apr. 2, 

,, 

„ 26, 


1248 

Dr. G. Mazzaretti 

Italy 

„ 2, 

,, 

„ 16, 

II 

1249 

Prof. L. Fredericq . 

Belgium . 

„ 6 , 

,, 

June 1, 

!• 

1260 

Dr. R. Burton Opitz . 

University Table 

„ 27, 

,, 

— 


1261 

Prof. D. Carazzi 

Italy 

„ 27, 


— 


1252 

Prof. T. Vosseler 

Wiirtemberg . 

May 2, 

,, 

June 4, 1901 

1263 

Dr. H. Kluge . 

Russia 

June 3, 

,, 

— 


1264 

Miss FI. Peebles 

American Women’s 
Table 

„ 28, 

,, 

—— 
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APPENDIX III. 


A Lial of Pwpe/rs which were published in the year 1900 by the Naturalists 
who have occupied Tables in the Zoological Station. 


D. Carazzi 
»» 

H. Herbst 
H. lil. Vernon 

If 

A. Romano 

S. Garten 

R. C. Punnet t 
II. Winkler . 

B. Schroder . 

V. Faussek 

G. Duncker . 

W. Lindemann 

A. Russo 


E Germano . 


F. Bottazzi and P. J 
quez 

II. Przibram . 


inri- 


C. K. Schneider 
Rina Monti 


E. S. Goodrich 


>> 


L’Embriologia dell’ Aphysia limacina L. Anatoinischer 
Anzeiger, 17 Bd. 1900. 

Ricerche sul Plankton del lago Fusaro in rapportu con la 
Ostricoltura. Boll. not. agr. Minist. Agric. Anno 22, 

^ 1900. 

tjber das \-..m Furchunga- und Gewebe* 

zellen i: . .Cr-.-. ^1- . Archiv f. Entvv. Mecli. 
Roux 9 Bd. 1900. 

Cross-fertilisation among Echinoids. Archiv f. Entw. 
Mech. Roux 9 Bd. 1900. 

Ceitain Laws of Variation. I. The Reaction of Developing 
Organisms lo Environment. Prcc. Royal Society, vol. 67, 
1900. 

Intorno alia natura ed alle ragioni del colorito gialh) dei 
centri nervosi elettrici. Anatomischcr Anzeiger, 1 7 Hd. 
1900. 

Die V'ersinderungen in den Ganglien zellen des clektri.schen 
Lappens der Zitcerrochen nach Durchschneidung der 
au.s dim entspringenden Xerven. Archiv f. Anal. u. 
Physiol. Anat. Abth. 1900. 

On the formation of the Pelvic Plexus, with special 
reference to the nerviis collector in the genus Mu.stelus. 
Phil. Trans. Royal Society, London, vol. 192, 1900. 

I'ber die Furchung unbefruchteter Eicr unterder Einwir- 
kung \on ExtrativstolTen aus dem Sperma. Nachr. k. 
Ges Wi^s Gottingen, 1900. 

Das Idiytoplankton des Golfcs voii Xcapel, nebst ver- 
gleichenden Ausblicken auf das des atlantischen Oceans. 
Mitth Z. Station, vol. 14, 1900. 

UnterMichungcn uber die Entwickeliing der Coi)halopoden 
Mitth Z. Station, vol. 14, 1900. 

Biologischc Beobachtungen an Lophobranehiern. Abb. 
aus d. Gcb. der Naturw. Vereiri Hamburg, 16 Bd. 

^ 1900. 

ilbor die Wirkung des Phosidiors und des Pulcgons auf 
die CephalopcKlen Beitrage path. Anat. u Pathol. 
Ziegler, 27 Bd. 1900. 

Uramie bei Cephalopodcn. I hid. 1900. 

Sull’ aggruppamento dei prirni eleraenli sessuali nelle 
larve di Antedon rosacea. Rend. Accad. Lineei, vol. 9, 
1900. 

Sulla funzione renalo dell’ organo gcnitah‘ dollo Oloturio 
(sunto). Uendic. 1 Assemblea L’nione Zoologica Ital, 
Bologna, 1900. 

La Tuberculosi sperimentale nei Pcsci. Aite rnediea, 
Anno II. 1900. 

Sulle propriety osmotichedclle glandole salivari posteriori 
dell’ Octopus macropus. Milano, 1900. 

Experiraentelle Studien uber Regeneration. Biolog. 
Centralblatt, 20 Bd. 1900. 

Mittheilungen liber Siphonophoren Nessolzellon. Arb. 
Z. Inst Wien, 12 Bd. 1900. 

La Rigenerazione nelle Planarie marine. Meinorie Istituto 
Lombardo Scienze e Lettere, vol. 19, III. 1900. 

On the Nephridia of the Polychaita. Part HI. Quart. 

Journ. Micr. Sc., vol. 43, 1900. 

Observation.s on Syllis vivipara Krolin. Journal Linnean 
Society, vol. 28, 1900. 
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0. Carlgren . 


I* • 

D. M. Mottier. 


T. H. Morgan and P 
Hazen. 

Florence l*ec»bles . 


. A. 


H. Jordan 


F. II. Sumner . 


F. llaffaclc 
R. Hefesu 


S, Mcialriikod 
R. S. Rergh . 

Vs. Cristafulli . 

() Y. Fiilth 


T. V. rxkiill . 

F. S. Monticclli and S. 
Lo Bianco 

E. Wcinlainl . 

A. Borgcrt 


liber die Einwirkung des constanten galvanischen Stromes 
auf niedcre Organismcn. Archiv f. Anat. und Phys., 
Hiys. Abth., 1900. 

Zur kenntniss der stichodactylincn Actinarien. Ofv. 

Kong. Vetensk. Akad. Fdrh., 1900. 

N ucl jar and (’ell Division in Dictyota dichotoma. Annals 
of Botany, vol. 14, 1900. 

The Gastrulation of Amphioxu.s (parti nt). Journal of 
Morphology, vol IG, 1900. 

Experiments in regeneration and in grafting of Hydrozoa. 

Archiv f. Entw. Mechanik Roux, 10 Bd. 1900 (partim). 
i'i'.- Vc I.. V. Celloidin in Misclmng mit 

• i. ■:.* •■./■ ■ ■ chr. f wUs. Mikro.«>. 17 Bd. 1900. 

Kupfer’s Vesicle and its Relation to Gastrulation and 
Concrescence (partim). Mem. N. Y. Aoad. of Sc., 
vol. 2, 1900. 

Per la Oenesi dei Nervi da Catene cellulari (partiin). 
Anat. Anzeiger, 18 Bd. 1900. 

Unteisnchungen fiber die Organe der Lichtempfindung 
bci niederen Tieren. IV. Die Augen ciniger Mollusken. 
Zeitschr. w. Zool. 48 Bd. 1900 
Sijmnculus nudus. Zeit. wiss. Zool. 48 Bd. 190(). 

Bcitriige zur vergleichenden Histologic. II. Tbor don 
Ban <U*r Gofasse bci den Anneli<len, 2. Mittheilung 
Anatom. Hefte Merkel, 1.5 Bd. 1900. 

Ricerche sperimcntali sulla Fisio>patologiadel Cervelletto. 

Rifornia medica, Anno IG, 1900. 

Sullc Alterazioni secondarie del Citoplasma nervoso. Giorn. 

Asso(*. Napol. Med. Nat. Anno X. 1900. 

(*’bor <len Stoffmechsed der Cophalopoden. Zeitschr. f. 
phys. Chemie. 31 Bd. 1900. 

i’ber die Eiweisskdrper der Kaltblfitermuskeln und ihre 
Boziehung zur Warinestarre. Ihid. 31 Bd. 1900. 

Die Wirkung von Licht imd Schatten auf die Seeigcl. 

Zeit.schr. f. Biologic, 40 Bd. 190(>. 

Sullo sviluppo dci Pencidi del Golfo di Napoli (note 
riassuntivc). Rendic 1 As^emblea Unionc Zool. Ital. 
Bologna, 1900. 

I'bcr das Auftreten zweior vcrschiedencn Verdauungs- 
.'^crretc iiu Mtigiui der Uorhen. Sitz. Her. Ges. Morpli. 
u. Ph>.s. Miinchen. IG Bd. 19(U). 

Untersnehungen fiber dui Fortpllanzung der tripyleon 
Radiolaricn, speciell von Aulacantha scolymanih:i. 
Zool. .Jahrb. Abth. Anat. und Ontog. 1 1 Bd 1900 


APPENDIX IV. 

A List Puhlicatious nf (hr Zoolo(j'u'<i1 Station thimnj (hr ipar 

end i ntj J n nr 30 , 1901 . 

1. ‘ Fauna und Flora dc.s Golfcs von Ncapel.’ 1*. Falkcnborg, Rhodoinclaccen, 
770 pp , with 21 plates 

2. ‘ Mittheilungen ausder zoologischcn Station zu Ncapel.' Vol.xiv. paits 3 and 4, 
with 8 plates. 

3. ‘ Zoologischer Jahre.sl)ericht ’ for 1899. 

4. ‘ Guide to the Aejuarium.’ A new Engli.sh edition is being prepared. 
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huUdCj Animalium, — Iteimt of the Committee^ conmthuj of Dr. Henry 
AVoodwaki) {Chauman)^ Air. AV. E. Hoyi.e, Air. li. AIcLaculan, 
Dr. r. L. Sclater, llev. T. li. 11. Stebbing, and Dr. h\ A. Bather 
{Secretarij). 

The Committee has the honour to report that during tlie last year tlie 
whole of the entries covering the period from 17r)8-l800 have been 
arranged, sorted, the duplicate entries eliminated, and the remainder — 
about 62,000 — got ready for press. Of these perhaps some 6,000 are 
duplicates, but owing to the loose methods of authors the compiler 
cannot decide, and it has been thought better to include them, leaving it 
to the specialist to reject such duplicates rather than to run the risk of 
omitting a possibly important entry. Negotiations entered into with the 
Cambridge University Press have ended in a satisfactory manner, and 
the work of printing this first part of tlie Index was begun at the end <jf 
May 1901. The work will take about twenty months to go through the 
press, will comprise some 1 ,000 pages, and will be provided with an index 
to the trivial names under genera, the same slips as are used for the main 
work being re-sorted under genera as fast as tlK‘y come ofi‘ tlie press. This 
method has been adopted for several reasons, the gnnit expenditure 
of time if a copy of all the slips were made, and the fact that those who 
desire to know what trivial names are included under a g(*nus can as 
easily refer to the end as to the body of the book. 

A complete list of works consulted has been prepared, and Avill be 
printed : this will be annotated throughout with bibliographic notes as to 
dates and contents, and should prove of considerable valuer to librarians 
and others as regards the rarer literature. It is gratifying to be able to 
report that very few publications have eluded the search of the compiler, 
but these Air. C. Davies Hherborn does not regard as likedy to l)c of 
importance. They may possibly contain a few specific names, but it is 
hardly probable. 

TJie indexing of 1801 1900 continues, and will pro<‘ecd more rapidly 
now the early AIS. is out of hand. Jt is hoped that tln^ finished work, 
when it appears, will fully justify both the time sp(*nt upon it and the 
generous support received from tln^ British Association, the Royal Society, 
and the Zoological ^SocitTy, and that the Committee will have placed at 
its disposal an even more liberal support in the future. It must be 
remembered that up to the present e/\ery entry, and t‘very portion <>f the 
purely mechanical part of the work, has been done by Air*. Sherborn, and 
that many months of his time could have been s;i\ed for the more 
important labour of recording bad the Committee been al)le to pay for 
the assistance of even a boy to do the sorting, alphabetical arrangement, 
and numbering of the slips. However, as it is, W(‘ have now the results 
of the labours of one man, and the Committee regards this as showing in 
a most satisfactory manner the definite plan of the proposer and coin})iler 
of this colossal undertaking. 

The Committee earnestly requests its reappointment, with a grant 
of 100^. 
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Coral lleefs of the Indian Regions, — Second Report of the Ccyminittee, 
consist ing of ^h\ A. SEDGWICK (Chairman)^ IMr. J. Graiiam Kerr 
(Serrelarg), Professor eJ. W. JuDD, Air. J. J. LiSTER, and Dr. S. P. 
Harmer, cfjfpuuded to investigate the Structure, Fonnatmiy and 
Growth of the ('oral Reefs of the halian Region. 

Tiik Committee have received the following report from Air. J. Stanley 
Gardiner : — 

During tlie greater part of the year 1 have Leen engaged .single- 
handed in .sorting and properly labelling the marine collections from the 
Laccadive and Maidive Arcliipelagoe.s. This is now completed, and 
they are divided into gr()Up.s, each with our notes as L) localities, 
depth.s, itc. 

For more than thirty of the group.s I have been promised the services 
of various zoologists in this country. About half of these have already 
received their collections, and 1 hope to forwartl the remainder shortly. 
J have, up to the present, received r(*ports from Air. P. Cameron 
(Ilymenoptera, ’Jo sjjecies, Iti new), Mr. R. C. Punnett (Xemerteans, 
12 .speeie.s, 0 n(*w), Mr. VA. Aleyrick ( Lepuhjptera, 60 speci(‘.s, 4 new), 
Air. F. F. Laidlaw (li<‘ptilia), and Air. Oldlield Thomas (Mammalia). In 
addition, Air. Porradailo has stmt im* a complete memoir on the Land 
Crustaceans, and 1 have prej)nre<l a grt*at part of my report on the struc- 
ture, formation, and growth of the reefs. Tlie land llora of the group 
has now heeii worked out, and a oomph‘te report on it will shortly be 
}>iibli.shed by Air. J. C. AVillis and myself in the ‘Journal ‘ of the Pere- 
(leniya (hirdens, Ceylon. 

The eolleeth)iis so far ser*m to ju.stify the conelu.sions, drawn in my 
last report, a.s tt) their completf;ne.s.s. Dr. David Sharp, who has taken 
charge of tlie insect collections, has expressed considerable satisfaction 
both ns to their exhaust ivenes.s and state of lueservation, and Profes.sor 
Hickson writes ms follows : ‘There is quite enough to show the general 
eliaracter of the sliallow wat<*r fauna (Aleyonaria, 0 50 fathom.s), and it 
is not probahh; that many new species will be found in this region after 
the coll(*ction has been workt'd out.^ 

Publication, in view of the larg(‘ number of new species, is an extremely 
dillicult matter, especially as it seems very desirable that the reports 
should he kej)! togetlna*. 1 may draw attention to the general opinion 
expre.s.sed at the International Congress of Zoology (189^) as to the 
desirability of properly illustrating new species wherever j>ossil)h‘. The 
University Pre.ss (Cambridge) have undertaken the puldication in a 
s<*ries ot eight ^jnarto parts, each of about 120 pn.ge.s, on the eoiulitioii 
that they an» not called upon to expend more tlian 200/. on illustrating 
the work. It i.s calculated that at least seventy plates and 150 text-figures 
would be rocjuired to adequately illustrate the fauna and geography. 
These cannot be prej)arcd in a suitable manner for le.ss than 450/., and I 
would ask your assistance towards the additional 250/. required. 


The Committee seek reappointment. 
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Bird Migration in Great Britain and Ireland, — Fourth Interim Beport 
of the Committee^ consisting of Professor Newton (Chairman), 
Hew E. P. Knthley (Secretary), Mr. John A. Hauvte-Bkown, 
Mr. R. M. Barrington, and Mr. A. H. Evanis, appointed to 'woth 
out the details of the Ohscrratiovs of Migration of liirds at Jjight- 
hout^es and Lightships, J 880-87. 

Your Committee lias again great pleasure in reporting that Mr. William 
Eagle Clarke has been continuing his invaluable services, and the sub- 
joined statement received from him, together with a Summary of Observa- 
tions in reference to the Migrations of the Skylark (Alanda arvcnsts) and 
the Swallow {Hirundo rustica) — the former being of an extremely com- 
plicated nature — shows the results of an enormous amount of labour, 
wrought out with proportion.'ite skill, of which your Cominittco desires 
to express its most grateful admiration. 

A serious deficiency of data in regard to the migrations of some other 
species on the south coast of England has becoiiu‘ apparent, and, at the 
suggestion of Mr. Clarke, application was made to the authorities of the 
Trinity House to permit a renewal of observations at the Lighthouses ami 
Lightships along that coast. The consent of the Elder Brethren liaving 
been most courteously given, and the cost defrayed from private sources, 
the necessary schedules have been forwarded to the several stations. 
Your Committee is aware that in thus acting it may have exceeded its 
duties according to the strict terms of its appointment, but trusts that, in 
the circumstances, tJie transgression (if it be so regarded) will be pardoned, 
eeing that its object was to supply a void left through inadvertence by 
the older Migration of Birds Committee ; that it introduced no new 
principle ; and, moi cover, that otherwise a whole year would have been 
lost. 

On two previous occasions your C^ommittee has referr(‘d to the private 
labours of one of its members (Mr. Barrington) in regard to observations 
at the Irish Lights. The.se have now been publi.shed in extrnsn, forming 
a volume ^ which is perhaps the most monumental contribution to the 
literature of Bird Migration ever issued ; while its appendix, giving the 
precise wing- measurements of so many specimens, is, apart from the subject 
it especially illustrates, a matter of importance for the student of varia- 
tion. Thanks, too, to that gentleman’s exertions, thf‘ work has the 
additional merit of containing the results of ten years more than the 
period covered by the inquiry carried on by the Association’s fonner 
Committee ; a fact which enormously enhances the value of the Iri.^-h 
records. 

Without pledging itself to a positive assuraiu‘e in the matter, your 
Committee hopes that, if reappointed, as it d(;sin‘s to be, it will, in the 
course of two years more, bring to a conclusion the work with which it 
has been charged, so far as being able to give a. summary of the movements 

* The Migration of Hirdsas observed at Irish Lighthou.^es and T.iaMtshi[>s. includ- 
ing the original Reports from 1888-97, now published for the first time, and an 
analysis of them and of the previously published Reports from 1881-87, together with 
an appendix giving the measurements of about 1,600 wings. By Richard M. Barring- 
ton, M.A., LL.B., F.L,S. London and Dublin : [1890] (pp. xxvi + 285 + 667). 
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of the most representative species of migrants. The Song-Thrush, 
White Wagtail, Skylark, and Swallow being now done, it is proposed to 
invite Mr. Clarke’s attention to a like treatment of the Starling, Rook, 
Lapwing, and some others, which will presumably present no little 
divergence in the cliaracter of their migrations. 

Thus your Committee respectfully repeats its request for reappoint- 
ment, and, if possible, with an increased grant of money. 

SifitPiufmt iiiadr to the Comraxttee. 

By Wm. Eaoli: Clarke. 

During the past year I have devoted much tinm to the study of the 
seasonal movements of a number of our birds, and I present herewith, for 
the consideration of the Committee, histories of the various migrations 
performed annually w'itliin the Jlriti.sh area by tlie Skylark and the 
Swallow. 

Tlie preparation of these complete and particular accounts lias proved 
to be a laborious and dillicult undertaking, since a number of the 
movements to be treated of are so intricately interwoven with or so 
insensibly merge into eacli other, or are performed under such obscure 
conditions, as to render their discrimination and interpretation matters 
demanding most careful consideration. 

'Jlie following accemnts of the migrations of the Skylark and the 
Sv/allow are in the main based upon the data obtained at the Light- 
stations and elsewh<?re during the years 18S0-87 ; but other sources of 
information have been consulted, including the Scottish Migration 
Reports for 1 892-1 ‘JOO of Messrs. Hinxman and Laidlaw, and the 
Irish Reports for 1888 97 of Mr. Barrington, 

It is my jdeasing duty to acknowledge tlie avssistance I have received 
from Professor Collett, of Christiania, wdio has lllo^t obligingly furnished 
me with useful notes relating to the movements of birds in Southern 
!N(»rway ; and from Herr Knud Andersen, of Copenhagen, who has given 
me mucli valuable information on the migratory birds observed in the 
Fie roe Islands. 

The ^lir , rations of the Skylark {Alaudii orr^'nsis). 

In the British Islands the Skylark is not only one of the be^^t known 
species, but also one which can be almost always mot with, so that com- 
paratively few people suspect the extent to which it is migratory, and 
fewer still are aware of the complexity of its migrations, wliieli present 
problems more ditlicult to solve than those of any other British bird ; 
yet this is undoubtedly the case. 

As a migrant, no species makes so great a show in the returns of the 
several Light-stations, and the account which follows is based upon 
upwards of Jour thousand individual records. Yet within the P»ritish 
area tlie Skylark is for the most part Resident as a species, though 
shifting its quarters when allected by frost or snow, as is obvious to 
almost any observer. The degree to which our native Skylarks are migra- 
tory depends on the varying conditions of climate and food. In the 
lowlands of Great Britain, especially in the south-west of England and 
throughout Ireland generally, the migratory habit is less exercised, pre- 
sumably because it is less necessary there than elsewhere. On the other 
hand there are considerable tracts which, from their elevated, exposed, or 
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northerly situation, are not suited for winter residence, and to those 
the Skylark is merely a Summer Visitor, as it is to nearly the whole of 
Northern and a great part of Central hmrope, departing after the 
breeding season to its accustomed winter quarters. During its journeyings 
to the south and west in the fall of the year, and again on its return in 
spring, the Skylark appears in vast numbers on our coasts as a Bird of 
Passage, while, owing to their intermediate geographical position and 
their milder climate, the British Islands are much resorted to by the 
Continental Skylark as a Winter Visitant.^ 

The various migrations of the species may bo conveniently separated 
and arranged as follows, beginning with the autumnal movements ; and 
when it is considered that several of these movements are often simul- 
taneously in progress, some idea of their complexity and the extreme 
difficulty of their interpretation may be realised : — 

1. Autumn Emigration of Summer Visitants, with their offspring, 
i.e., home-breeding and home-bred birds. 

2. Autumn Immigration of Winter Visitants from Central Europe. 

3. Autumn Immigration of Wint(‘r Visitants from Northern Europe. 

4. Autumn Passage from Central to Southern Europe along the British 
coast. 

5. Autumn Passage from Northern to Southern I'hirope along the 
British coast. 

6. Winter Emigration from, and Partial Migration within, the 
British Islands. 

7. Spring Immigration of Summer Visitants, and return of Winter 
Emigrants. 

8. Spring Emigration to Central Europe fi’om tlie British Isles. 

0. Spring Emigration to Northern Europ(5 from the British Tsl(\s. 

10. Spring Passage from Southern to Central and Korthern I'uropo 
along the British coast. 

But even this is not all, for the movements wlileh take place between 
Great Britain and Ireland, as well as between (ireat Britain and the 
Hebrides and Northern Islands, have also to be considered. 

1. Autumn Emigraiioyi of Home-bred Towards the close of 

the nesting season an increased number of Skylarks is observable in tlie 
lowlands, particularly near the coast ; a fact due, no doubt, to migra- 
tion from the higher grounds, to which tho. speci(\s is only a summer 
visitor. So early as July in some years tliere are a few n^cords from the 
Light-stations showing that departure has already comnumced, but these 
early flittings must be regarded as exceptional.^ During August there 
are usually a few signs of emigration, and towards the end of that month 
there is evidence that it has fully set in. These late August movements 

’ No unfailiup: distinction between British and foreij^n Skylarks has hitlierto been 
recognised by ornithologists generally. In attempt ini; to dnnv one hen*, the writer 
has chiefly relied iipon what can, with more or less t)rohability, be presumed as to 
the origin of the particular flocks from connecting tin; ditfercnt observations of th(*m 
whereby their course may be traced. 

- The most remarkable instance of this kind occiu red mi the night of July ‘Jd, 
1881, when a great number of {Skylarks appeared at the Leman and Ower Lightship, 
off the Norfolk coast, and sixfi/ were killed by striking the Inntern, and at tlie .same 
time JIfty were killed at the Dudgeon, a neighbouring Lightship. The weather waii 
wet, changeable, and cold for the time of year. 
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include departures from the Hebrides and other western isles, as witnessed 
by birds observed at or killed against the lanterns of Skerry vore and 
Dhuhcartach, but there is no appearance of any emigration from Ireland 
in this month, which is a rather remarkable and significant fact. 
Throughout September the emigration is much more evident on both 
eastern and western coasts, the Hebrides contributing largely to the 
latter. In some seasons a marked migration is recorded from Shet- 
land,^ where the species is chiefly a summer visitant. In Ireland, too, 
there is evidence from the south-eastern stations that the exodus has 
begun. Towards the end of the month the movement is more marked, 
especially in unsettled weather, when Skylarks are recorded as emigrating 
by night in company with Thrushes, Blackbirds, Bing-ousels, Wheatears. 
ChiffehafFs, Whitethroats, Wagtails, and other birds. As the season 
advances emigration is naturally (juickened until the early days of 
November, when this movement ceases to be observed. In some years a 
foretaste of winter, in others periods of exceptionally unsettled weather 
cause pronounced ‘ rushes ’ southward.- 

During the autumn Skylarks gradually draw towards the coast, on 
reaching which they pass southwards in straggling parties. On some 
days a succession of bands may be seen following each other throughout 
the whole day, and in September and r)(‘tober, if the weather be fine with 
light winds, such bands may be observed for days together witliout a 
break. This coasting nu)vement is chiefly, if not entirely, performed by 
day ; but it is otherwise when a considerahh^ (‘xpansc of sea is to be 
crossed, as from Shetland, the Hebrides, or Ireland, and then their 
migration as a rule is undertaken by night. The journey is continued 
along both coasts of Great Britain until the southern and particularly 
the south-western count i(*s are reached, many of the east-coast migrants 
passing along the south coast westward. Probably, only a portion of the 
Skylarks, which move during the early autumn, quit our shores, many 
no doubt tarrying on th<‘. south or south-western coast. Others, how- 
ever, certainly (le])art for the Continent, crossing the Channel chiefly 
at night together with birds of many other species ; but I myself in passing 
between Newhaven and Dieppe in September have observed small parties 
of Skylarks in mid-channel making for the French coast during the day- 
time. 

1?. Aidiimit Immiffration from Cmitntl Enropr.^ — This movement is the 
most interesting and remarkable performance of the Skylark, or perhaps 
of any other British species, as it allbrds a striking instance of the phe- 
m^menon of birds proceeding westward, .and pos.>ibly northward, from 
their breeding grounds to reach their winter quarters, and this in vast 
numbers for sev(‘ral successive weeks, with scarcely a break. In some 
seasons this Immigration - -whieh may be called especially the Skylarks^ 
route, since they not only greatly outniimhtu' the birds of any other 

‘ The dat(M)f the first movement from Shetland varies aeeortiing to the nature 
of the season. Tn 1SS2 it was observed .as early as September 15, and in ISStJ on 
September 25. The autumn emigration tbenee does nor usually begin until October. 

* There can be little doubt that during October and Xtivember the emigr.ation of 
our liome-bred Skylarks morgOvS to some e.xtent with tlic Ta-'.sage niovaunent from 
Northern to Southern Europe then in progiess along our coasts. 

^ Evidence accumulated since the presentation of the ’Digest of Observations' 
lint. Asmc.^ l.SDf), j). 450) confirms the rejisoiis tlu rein stated for cnnsi<h ring 
Western Central Europe one of the areas whence Skylarks and certain other birds 
pmigrato to the British Islands. 
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species using it, but probably the whole aggregate — sets in as early as the 
middle of September, but more commonly about the fourth week of that 
month. On reaching our coast the majority of the immigrants move 
along it southward, and then westerly to the Land s End, some crossing 
the Channel at various points to the French coast, while others seem to 
continue westward or northward to Ireland, appearing on the coast of 
Wexford at dates varying from the middle to the end of the month, but 
having relation to those of their arrival on the east coast of England. A 
considerable number of the Tmmigraids, however, on their arrival in 
England proceed inland, and disperse over the eastern, southern, and mid- 
land counties. It is in October, however, that this stream of immigra- 
tion becomes phenomenal. It then has the coast of Suffolk for its centre, 
with its right wing extending to the Humber, or even to or beyond the 
Tees ; while the left, to some extent reinforced by birds of British origin, 
sweeps along the south coast to Devon and Cornwall, and, as in September, 
to Ireland. The winter visitants among these October immigrants pass 
inland by several routes ; a good many proceed up the Thames and 
Humber estuaries. Some idea of the magnitude of this influx may bo 
gathered from this table, showing the number of days during October 
on which it was observed in each of the years : 


1880. 22 days 

1881. 12 „ 

1882. 14 „ 


18^M. 0 (lav^ 

18S4 19 

1885 21 


1880. 28 days 

1887.' 20 „ 


After October this Immigration falls off. The November movements vary 
according to the weather, but are never of great moment after the first 
few days of the month, when in most years they practically cease. In 
November 1883 and 1886 no east-to-west movements were recorded. 

It is characteristic of this immigration that the passage across the 
North Sea is invariably witnessed during the daytime, usually from daw'ii 
to noon, but not unfrequently prolonged till 3 p.m., and the birds con- 
cerned in it are actually crossing the line of flight taken by the home- 
bred birds which are then emigrating ; a very remarkable but not very 
uncommon occurrence in October. Other species crossing the North Sea 
at this time in company with the Skylarks are Starlings, Titlarks, 
Chaffinches, Linnets, Blackbirds, and Rooks. 

3. Autumn Immigration from Northern Europe . — Great numbers of 
Skylarks which summer in Scandinavia,- seek our shores in autumn, their 
first arrival during the years being nmiarkably constant (October 

4 to 8), when the birds appear in Shetland, Orkney, on the east coast 
of Scotland and north-east coast of England, during tJie night or early in 
the morning, in company with Thrmshes, R(*dwings, iilackbirds, Ring- 
ousels, Goldcrests, Chaffinches, Bramblings, and other species breeding in 
the north. These arrivals continue, at intervals, during Octol)er, and 
the Skylark participates largely in those remarkable movements which 
characterise the latter part of the month. These vast outpourings seem 
to exhaust the emigi-ation from Northern Europe, for it was only during 
two years (1883 and 1884) of the inquiry that con.siderable arrivals from 


’ Many recorded on October 9, 20, 21, 2:i, and 27 ; vast numbers on October 16 
to 18, again on 22, 25, and 26. 

^ Professor Collett says {Oversigt af Chridiania Omegm ornithologiske Faunae 
p. 128) that Alauda arvensU is seldom seen in the Christiania district after the 
middle of October. 
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tlie north are recorded for November, carrying the extreme limit of the 
period covered by this movement of the Skylark down to the 15th of that 
month. Thus the autumnal immigration from the north, vast as it is, is 
compressed, as it were, into the period of little more than four weeks. 
The majority of tliose northern skylarks seem to disperse themselv(?s over 
our islands, some of them reaching the Hebrides, and replace the home- 
bred birds which have already quitted their summer haunts. A great 
many seek Ireland, either by direct passage from the south-west of Scot- 
land or })y way of tlie Tsle of Man, while some may pass from the Welsh 
coast to the shores of Dublin and Wicklow. 

4 and 5. PciKsaf/fi from Cp.ulral and Nortlifirn Earoi)p to 

Southp.rn Enropp a\<nv^ tlir Eritiah Coaat. -These movements are much 
involved with the immigratory movements from the north and east, and. 
to a lesser degree, with the British emigratory movements already treated 
of. The transient visitors which effect it arrive on our northern islands 
and along our noi’tli-eastern coast, together with those which winter with 
us, in ()ct()l)er, or in some years early in November, and after a short 
rest proce(‘.d along the coast, chi(dly by night, southward and westward, 
crossing the Channel at various points. Though they are mainly eontined 
to our eastern and southern seaboards, yet a considerable number make 
an overland journey across Great Britain, travelling down the west coast, 
while others possibly cross t(i Ireland, and continue their southeidy journey 
along its (*astern shores. The Passage movements from the east need no 
furtiier notice now, since they have been treated already under Section 2. 

(li'npvid liPinarhti on Antnnin E nihfrniion and lhinii</ration. — Having 
treated of the autumn movements, both of emigration and immigration, it 
may l)e dt'sirable before proceeding further to consider their effects on 
the Skylark ])opulation of Britain, and its position at the end of that 
season. Though a considerable number of home-bred birds have at that 
time (jiiittcnl our shores, their departure has not materially affected the 
great ahundMiiee of th(‘ sp('cies, ]>artly owing to the fact that the Skylark 
is (loiil)l(‘-))roo(led, * and Iienc(' its ainiiial iiieroase is enormous, while 
prodigious numbers liave poured into Englantl from Central Lurope during 
part of S(q)teinber and throughout October, to say nothing of the immense 
nuuiber of iininigrants from North-western Europe which have arrivui 
(luring th(» latter month. The rc'sult is that from Noveuiber to the 
s(*tting in of cold weather the Skylark population of the British Isles is 
at its maximum, and vastly in excess of what it is at any otlier period of 

the y(‘ar. i • 7 

(). Wiidftr Ein 'ujration froni^ and Partial M'ajration mithm, the British 
—These movements depend wholly on the state of the weather, 
and vary in degree ling to its severity. The Skylark obtaining the 

whole of its fo(Kl on the ground is at once dri\en to change its quarters 
when that is covered with snow, and only somewhat less quickly when 
it is merely frost-bound without snow. Should the late autumn and 
winter be uniformly mild, the Skylarks sojourning with us remain practi- 
cally stationary. Few, if any, winters arc, however, entirely free from 
.snow or frost, and with the tirst outbreak of cold the birds must remove 
themselves from its untoward influence. Sometimes suitable lodging may 
be found not far off, and then the movement is but local or partial in 
character. When this occurs, and the stress is but short, the birds soon 


* In ninny parts of England most pairs of Skylarks have throe uosts in tho year, 

1901. B B 
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return to their former haunts ; but if the adverse conditions continue 
and become general, the movement also becomes widespread and more 
or less universal. This effect is especially produced by great snowstorms, 
when the number of fugitives is so vast that people wonder where such 
prodigious multitudes can come from, as they throng towards the coast 
and particularly the milder south-west coast of England — Devon, Corn- 
wall, and the Scilly Isles — though many undoubtedly cross the Channel, 
and others proceed to Ireland. On the otlier hand, a few — and these are, 
perhaps, of our native stock — attempt to brave the unfavourable condi- 
tions, partly by resorting to unwonted places of shelter, especially the 
sea-shore, but many, if not most, of them succumb to famine. In 
Ireland, too, there are many winter movements, due to the pressur*e 
of climatic conditions, and Cork and Keiry are especially resorted to 
during hard weather ; but winter emigration must be regarded as ex- 
ceptional in Ireland, for one portion or another of its shores generally 
affords an asylum in the severest seasons, though many birds perish, even 
in its most favourable areas, during an abnorinally protracted winter. It 
has already been stated that Ireland ordinarily rc'ceivt's numbers of 
Skylarks in autumn, and being again sought by multitudes of refugees 
from the snows and frosts of Croat Britain, it follows that the Skylark 
population of Ireland is at its maximum at a period when that of Great 
Britain is at its lowest. 

During some severe winters in Central Europe there is a r(*m‘wal of 
the immigration of Skylarks (together with Starlings and i^apwings) 
across the North Sea to the south-east coast. 

During these cold- weather movements many of the emigrants perish 
at the lanterns of the Light-stations. Thus, on December 2, th« 

Bell Rock Lighthouse was visited by what is described .as Ijoing the 
greatest multitude, of Skylarks ever known. It was impossible to estimate 
the number, but they were ‘ striking bard for a couple of hours like a 
shower of hail.^ 

If the statement that the winter emigration depends wliolly on the 
state of the weather need a,ny confirmation, it may he furnisluMl by the 
fact that in the mild seasons of 1^3^18*2 and bSiSn 8G very little was 
recorded. There are, however, usually spasmodic and partial nK>vein<‘nts 
in November ; but it is not until cold weather sets in that any general 
exodus takes place. If there has been much snow in De('emh(*r, as in 
1879 and 1882, there is little or no movement later in tlie st^ason, because 
the birds have already departed. On the other hand, after the un- 
eventful December of 1880, there were pronounced emigrations in January 
1881. Ill February there are, as a rule, movements more or less local, 
and due to snow, and in that month of 188G, which was cold and snowy, 
movement followed movement throughout its course. Tlu^ March migra- 
tions are not of much ac(;ount, but in unusually iiiclermuit seasons, like 
188 ‘3 and 1887, there were ‘rushes^ to the coast as late as tlu' 20th of 
that month. ^ In other years there is little, or notliing recorded for it. 

7. SpriiLf/ linniigf ration of Snviny r V 1^1(01) In (nid llHvrn if Winter 
Emiijrants. — Tlie return of the Skylarks which have left us during the 
autumn and winter is observed on the southern coasts of both Great 
Britain and Ireland early in the year, their arrival taking place as a rule 

* At the Nash Taghthouse, on the Glamorgan coast, on March 1887, Sliylarks, 
Starlings, Sni[;(‘s, Woodcocks, Lapwings, Gohlcn Plovers, and Wild Bucks were seen 
flying before heavy snow from 8 30 A.M. to 3 r.M. 
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during the latter half of February, and occasionally as early as the second 
week (in 1886 on the 1 1th), the immigration continuing throughout 
March. The precise time seems to be influenced by the condition of 
the weather in the birds’ southern retreats. If tlie early spring there be 
mild and genial, they begin their return early, but if tlicj contrary their 
departuns is ilelaycMl. (In arrival on the south coast of England many 
pass northward along the east and west coasts, the latter being the 
route chiefly followed by the earlier immigrants. The return to Ireland 
corresponds closely with the arrival in Houthern England, the earliest 
observation for the period 1882-87 btdng on February 10, 1886, and from 
that time the movements occur at intervals. The otlujr species of birds 
which reai)pear along with the Skylarks are mostly those which have before 
been mentioned in association with them — Thrushes, Blackbirds, Titlarks, 
Lapwings, and so forth. During April the movements of th(^ immigrants 
become merged into tho.se of the strictly called Birds of Pas-sage. In J reland, 
tluriug the first half of the month and occasionally to the tliinl week, 
Skylarks continue to alTi^•e in company with Wheatears and other early 
summer birds. The return movement to the llebri(le.s corresponds with 
that to the mainland, but, as in Ireland, the immigration is prolonged into 
April. Ill Shetland the spring arrival of the native bir«ls begins in the 
early days of Jdarch. Tin? immigrants rt‘a(*h the south coast of Englami, 
sometimes in vast nuniber.s, during the earliest hours of the morning, but 
in the south-ea.st of Ireland, the chief point of arrival in that country, 
they are usually observed laU»r in the day, hut in the Hebrides at 
night. 

8. Sprhhj Kinif/raflnit to Enrujtr from the Jlritiah lairs. — The 

return (west to oast) movement from South-eastern England across the 
North Sea conies v<*ry litth* under observation conipareil with the in* 
flowing streams of the pn‘cediiig autumn, and that this should bo so is 
easily to be explaiiu'cl. In the flrst place, the numbers of travellers, owing 
to the waste of winter, have been much thinned ; and .secondly, because, 
like all other important emigratory movements, ihi.s one takes pl.ice chu‘fly 
at night, and so for the. nio.st part escapes iiotici', fur it is reasonable 
to suppose that the first hour of flight takes the birds beyond the limit 
of observation at tin* Light -stations along our eastern coast. Some return 
emigration is nevertbeles,s ob.served by day on the Lightships, the direc- 
tion of tin* birds being ea.stward from the mouth of the Thames, and .south- 
eastward from the, more northerly stations. Then* are also enough observa- 
tions to show that the movement begin.s in February (in tin* mild .season 
of 1882 on the (ith, but usually not till the middle of the month), and is 
continued until the end of March, the 28th being the latest day recorded. 
As with the reverse movement in autumn, this is chiefly noticed on the 
Lightships between the Thames and the Humber. Tht* oilier s]>ecies of 
birds acfompanving the Skylarks are Starlings, ‘Crows,’ and Lijnviiigs, 

9. Mif/ntfioji to Norfhrrn Enropr from thr British lairs. In 
mild seasons daring the third week of Fi*briiary then* are indications at 
our north-eastern stations that the Skylarks which havt* wintered with 
u.s are beginning to depart for their northern homes, and throughout 
March, e.spccially after the middle of the month, thi*ri» is usually much 
evidence to the same effect, the concomitant species being Blackbirds. 
Goldcrests, Starlings, Woodcocks, and ‘ Wild Geese ' ; but here, again, as 
in the last case, much escapes notice, and for the same reasons. 

The spring omigratiou from Ireland deserves separate consideration. 

B B 2 
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Beginning about tbe middle of February, it become^ lAovo pi*onounced In 
March, and ceases with the close of that month. The birds return by 
the routes taken in autumn and winter, chief of which is that between 
the south-eastern counties, with Wexford as a centre, and the southern 
provinces of Wales and shores of the Bristol Cliaimel ; while during March 
there are return flights cross the Irish Sea to North Wales and South- 
western Scotland. Generally the birds set out after dark, but Skylarks are 
occasionally recorded as migrating during the day, those from the southern 
portion of Ireland making for the south-east, while those from the 
Wicklow coast proceed due east. The night movements are often per- 
formed in company with Thrushes, Blackbirds, and Starlings. The winter 
visitants to the Hebrides leave for the mainland of Scotland about the 
same time, and call for no special remark. 

10. Hprivg Passatjp. from Sonfhrrn to Northern and Central Enrope 
along the British Coast. — These movements take place during March and 
early April, and arc not easily distinguished from some others that are in 
progress at the same time. It is probable, howe\’er, that the bulk of the 
Skylarks arriving at this time on the southern coast of England are en 
route for North-western Europe. Aft<*r reaching this island they move 
northward along the coast, and finally quit the country in company with 
those which have been wintering in (Jreat Britain and Ireland, as well as 
with other emigrants and transient visitors. 

Thk Miguations of the Swallow {Hirundo nisflai). 

The familiar Swallow may bo taken as a typical example of a Summer 
Visitant to the British Islands, whose breeding rang(i I'caches a high 
latitude in Europe, though not cjittmding to the extr(*mo north of the 
Continent, nor to Iceland, In our islands it is to be rc'garded, however, 
not merely as a summer visitant, but also as a Bird of Passage, traversing 
our shores ^in spring and autumn on its way toorfroni its summer (piarters 
in Western Europe. Its winter cjuarters arc known to be in Africa, 
chiefly to the south of the Great Desert. In preparing the following 
compendium of its emigi'acions I have not limited myself to the reconls 
furnished by the various Light-stations, since the majority of observa- 
tions there made do not discriminate b(‘tween the Swallow and tins two 
species of Martin also visiting our islands ; but f have availed myself as 
well of the voluminous records chronicled in serial literature, often by 
expert ornithologists. 

Sjrring Immigration of Summer Visitants. — C>n this subject tho 
records are so numerous and complete as to enabhi nuj t(» sptvik with 
authority as to the date of the Sw^allow^s successive arrivals on our shores, 
and also to trace with some degree of accuracy its gradual s})reading over 
the country, which has hitlujrto been a desideratum. During March a 
few solitary birds annually apjiear, sometimes very eai-ly in the month, 
and though these may be regarded as sfimewhat erratic visitors, no year 
of the inquiry (1880-87) is wanting in authentic records of their 
appearance. In all there are twenty-one records of March Swallows, of 
which ten were observed on the south-west coast of England, four in 
Ireland, three in the south-east of England, and two each in South-eastern 
and South-western Scotland. It is not till A])ril that the vanguard of 
the host reaches our shores, and a careful analysis of dates shows that 
the average time of its appearance in different parts of our islands is as 
follows : For South-western England the beginning of the lirst week ; for 
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Ireland the end of that week ; for South-eastern England early in the 
second week ; for South-western Scotland the end of the same ; for South- 
eastern Scotland the middle of the third week ; for Northern Scotland the 
fourth week ; and lastly it is not till the second week of May that the few 
Swallows which resort to Orkney reach their destination. These early 
immigrants arc either single birds or pairs. Some ten or twelve days 
later than tin* arrival in each case of this advanced guard takes place the 
appearance of Swallows in some numbers, and they become gradually 
aliundant throughout the kingdom. These initial hosts are followed by 
others, and so the influx proceeds during the rest of April and the first 
half of May, and beyond that date in tlie case of biids of passage. In 
backward seasons, such as that of 1^^87, when cold and unsettled weather 
with snow and sleet prcvailexl, the vanguard may be delayed for about a 
week, but on that occasion its appefirance was iiiiniediatcly followed by a 
‘ rush,’ and the birds became numerous and general only a little in arrear 
of their accustomed time. In the Hebrides and North-western Scotland 
the Swallow is uncr)mnion, and mostly observed on passage in small 
numbers, while though appearing almost annually in Shetland, chiefly 
after the middle of !Mjiy or early in June, it is little more than a straggler. 
In Ireland the immigrants arrive in considerable niimb(*rs until about 
the middle of May, and in some seasons (1883, 1884, and 188C) so late as 
the third week of that month, but it is p»)ssible that some of these later 
birds are on passage to the Ibdirides and north of Scotland. 

It is evident from tin? statistics consulted tliat the arrival of Swallows 
on the western seaboard is m cII in advance of their appearance furthei* to 
the east. Not only is this so in the south of England, but even in Scot- 
land the, distri(tts of ‘Solway * and ‘dlyde ’ almost invariably receive their 
Swallows several days (soim^ seas<ms ten or cOeven) before the ‘Tweed ’ and 
‘Forth.’ 

Swallow's are described a.s arriving on our southern sliores during the 
daytime, eliiefly in pairs, but soim*tinies as many as six or seven together, 
and flying low over tlu' sea, tlie immigration lasting most of the day ; but 
they are also note<l as <‘oming in small part io.s, flock after flock, for several 
hours in succession, and unaccompanied by any other kinds of birds. A 
remarkable excejition to this was, however, observed at tin* Eddystono in 
1887, when from midnight to 3 a.m. on May 3 and 1 hundreds of birds, 
Swallow's and '\Vbt*a.tea rs, together w'itli (as testified by the wdngs of tin.* 
victims) lleed-\Varl)l(*rs, Whitethroats, Wood- and Willow -Warblers, 
and Redstiirts w'ere killed at the lighthouse, (lenerally, how’over, few 
Swallows meet with disaster during their spring journeys, a very small 
number striking the lanterns, while fow'or still seem to sillier from exhaus- 
tion. 

Spriiiff PassHf/r from thr South to Xortheru Europe, — This movement 
of Swallows w'hich pass along our coast-line on their w ay to their homes in 
the north of Europe doe.s not sot in till the last days 4)f April, reaches its 
maximum about the middle of ^lay, and may be prolonged till nearly the 
middle of .lime. Many of the earlier of these transient migrants reach 
our south coast in company with the Sw'allows that come to summer with 
us, but/ those whicli pour in during the latter part of May or in June are 
mostly passengers on their w'ay to Scandinavia.^ The stream is almost 

' A<'Cording to tlie information of Professor C’olleft, the Swallow is seldom 
observed in Norway in April. In the lirst week of May examples appear singly, 
about the middle of that mouth more arrive, and bclNVCCn the ^Oth URd ?6th all, 
perhaps, arc come, 
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wholly confined to our eastern coast, and the North Sea is crossed ere 
the northern limit of the mainland is reached, for these travellers do not 
seem to take Orkney or Shetland on their route. A small number of 
Swallows yearly visit the Hebrides during the first three weeks of May, 
and it is possibly these birds, or some of them, that find their way to the 
Faeroes, ^ and even as stragglers to Iceland, while others may, perhaps, 
finally reach Northern Europe by this far western route, which may 
originate, so far as tlie British Isles are concerned, on the east coast of 
Ireland and west coast of England. A few are also observed about the 
same time on the north-west coast of Scotland. 

Autiunn Emigration of British Summer Visitors , — During the latter 
half of July parties of Swallows are recorded as visiting the island 
stations and lightships oft* the east coast of Great Britain and the south- 
east of Ireland, but it may be doubted if such appearances are of much 
significance, though it may be otherwise with some recorded in 1880, when 
during the spell of cold weather six flocks of from fifty to sixty each 
were observed passing to the south on July '27 at the Tees Buoy Light- 
ship, and two days later numbers passed the Leman and Ower Lightvessel, 
off the Norfolk coast — some alighting, while one struck. Ihit even if 
these were cases of real migration, it may have been but partial, and the 
birds )nerely seeking better (|uarters within our area. It is not until the last 
week of August that Swallows ordinarily begin to leave Scotland and the 
north of England. Then there is a decided niovement soutlnvard, and, 
along wdth Bedstarts and Willow- warblers, they arc observ(»(l at various 
stations both on the coast and inland. There is no (evidence that these 
birds actually quit the country, and most, if not all, probably tarry for 
sometime in th(3 south of England before crossing the Chanmd. Tlie Irish 
movements in August are less pronounced, but the returns show a decided 
increase of visitors to the coast stations, and indicate? the setting in of the 
ebb. In September the southern movement becomes g(*noral throughout 
the whole country, and reaches its maximum between the iniddh? and 
end of the month. During its (;arly days there is the first evidence of 
actual departure from our sliores, and the cross-channel emigration then 
commencing proceeds throughout the autumn. The Ixiginning of October 
shows a decided falling off in the numbers departing from the northern 
districts, especially in the wmst ; but the southw<ard movement is well 
maintained during the first half of the month from the east and south- 
west of England and the south-east of Ireland, i^y the middle? of the 
month the emigration from Hcotland and the north of England is over, 
and Swallow^s observed after that time on the east coast of Britain seem 
to be the later emigrants from Scandinavia, wdiich since September have 
been passing along that coast, mingling with our own birds, so that in 
many cases the two movements are iiwiistinguishable. After the middle 
of October a considerable diminution is observable, except on the coast of 
the Channel, where the efflux is maintained throughout the month. 
During the first half of November stragglers are still to be seen on the 
east coast of Great Britain and the south-east of Ireland, but there are 
no records of observations in the west of Scotland, and very few from 
the north-west of England. From the south of England many departures 
occur annually till the middle of the month, while stragglers are to be 

* Herr Knud Andersen informs me that the ^wmIIow appears not uncommonly 
in the Eaerocs in May. 
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seen later, especially in the south-west. December Swallows are mrce 
and were only observed in one year of the inquiry. The autumn of 
1880 was remarkable for the protracted stay of the Hinindinida*, and 
a few belated Swallows were recorded on the south coast of England in 
the last week of November, while in December one was observed at 
Bournemouth on tlie 7th, and two at Eastbourne, and one at Woolmer on 
the 11th, the weather until that time having been mild.^ 

Antitmn Passaffa (donfj the British Coast from, Northern Europe . — The 
return of the Swallows which have summered in Scandinavia (accom- 
panied by their young), and their jmssage along oiu* cf>ast, usually takes 
place from the middle of September onwards, the 9th of that month 
(in 1884) being th(»- earliest day on which their iiifivemont is recorded. 
The passage is well maintained during the I’est of the mouth, and is 
prolonged by a few birds to the first or oven second week of (October. 
SoiiKi of these travellers from the north are jx'.rhaps induced by our 
milder climate to tarry, and it is possibly such laggards that occur on or 
near our efist coast in Novcmiber, and thus ac'count for the lateness of 
migration there obs(*rvable when compared with the west coast. It has 
already remarked chat, aft<‘r their arrival on our shores, Swallows on 
autumn j)assage mix with our native birds then emigrating, and it is no 
longer i)ossil)h* to trace the former, though they doubth^ss form the bulk 
of the rear-guard movements of the autumn. In Shetland and Orkney 
thcTC* is no appearance of these returning Swallows of passage^, and but 
feeble cjvidom c? of their taking the Hebrides on their way, though the 
rcicords indicate such a transit cluring September and the first day of 
()ctob(*r. Tlune are passage movements on the part of Irish birds dis- 
cernible in the the south-west of England to the third week of October, 
with occasional stragglers to the middle of Noven\ber. In September 
of sonu' yt'ars Swallows are recordc'd at the lightships off the mouth of 
th«‘ Thames and the Kentish coast as coming from the south-east, and 
occasionally in considoralilc numlnu'S. 

Further Ohst rrations <m the Autumn Movements . — At the best station.s 
for obsf'rviug emigi*ation it usually takes the form of the continuous 
piissagj? of small parties, not e,\C(H»ding a score, and as this may last for 
hours vast numbers thus (h'part. They havt*, however, been observed on 
the .south coast to assemble in thousands aud fly away eu masse ^ but this 
is oidy ot'casionally recorded. Swallows are frequently seen to emigrate 
in company with House Martins and occasionally with Sand Martins, 
'.riie (‘arlie.st troops to cross tlu^ channel are observed to be. composed of old 
and young birds. It has, however, been notict'd that the. largo congrega- 
tions at. various points on the south coast, whethi'r preparing to eniigrati^ 
or in actual movement, consist in many cases chiefly or entirely of young 
bird.s, but in others wholly of adults. Mores frequently, however, the 
number of old birds i.s in normal proportion to that of the young. The 
time' of the day at wliieh emigrathm take's place sof'ins equally varied. 
On llie south coa.st some of the great movements are recorded as in 

• Mr. Joseph Agnew, lighl-kecpcr, states that a Swallow was caught on the 
Monaoh Isles (witli the exce'ption of St. Kilela, the oute'rmost, of the Hebrides) in 
January IS87, but he unfortnnafoly furnished no further particulars of the 
occurrence. 

- l*rofe 3 ssor CeJlott states that Swallows begin to li'iivc Se^utliern Norway the first 
week of September, and that he has known individuals to remain there so late as the 
middle of October, 
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progress from early morning to noon, others as going on until night sets in.^ 
During the autumn and spring migration (though concerning the latter 
wo lack definite information) the English Channel is probably crossed by 
many routes, but there are certain much-used points of departure to reach 
wliieh the birds shape their course. Beginning in the west, we find among 
them the Land’s End, the Lizard, the Eddystone, and Start- Point. It is 
otherwise, however, on the Dorset and Hampshire coasts, along whicli 
Swallows are recorded as juoi* 0 (*diiig to the eastward, and it is not until 
the Nab Lightvessel is reached that the llight becomes southerly towards 
the French coast. In Sussex, too, the flight is easterly towards Beechy 
Head, just before arriving at which many birds cross the Channel.*-* 
Others still pursue their easterly flight, and finally cross the Straits of 
Dover. There may be other routes taken, but the points of departure 
just named are those which result from the present inquiry. There are, 
however, some records of Swallow’s occasionally moving westw’ard along 
the south coast. If this should be more than accidental, a cross-movement 
of departing birds occurs then. The shore line is closely followed by 
many of the Swallows moving south, especially by those which are on 
passage. 


Investifffitiom made at the Marine Bioloriintl Lnhornforn, PI jf month . — 
lieport of the Co7nm{ttee^ consisUrnj of My. G. C. BoriiNi: {Chair-- 
ma7i), Mr. W. (iAUSTAN(T(iS/?m7//r//), Professor E. Uav Lankestek, 
Professor Sydney H. Vines, Mr. A. SediiWic^k, and Jhofessor 
W. V, li. Weldon. {Pram a up by the Srrrctarj/.) 

Tite British Association’s table has been occupied during the past year 
by the follow’ing naturalists, who devot(»d themselv es to investigations or 
to the collection and preparation of material for research on the subjects 
mentioned : — 

Mr. II. C. Punnetc, August- September 1000 (two months) : On the 
Pelvic Plexus of Elasmobranehs, and on the Anatomy of Ncmiertincs. 

Mr. S. D. Scott, August 1900 (one week) : On tin* Excretory Pro- 
cesses of Ascidians. 

Dr. F. W. Gamble, April 1901 (one we(‘k) : On the Histology and 
Physiology of Mysis. 

Mr. W. B. Randles, July -August 1901 (one month) : On the Anatomy 
of Trochus. 

!Mr. W. M. Aders, August 1901 (two weeks) : C)n the Spermatogenesis 
of Ccelenterata. 

Dr. Gamble’s work was unfortunately cut short unexpectedly by private 
causes, and another gentleman, to whom the table had been allotted - 

' At the Nah Liglitship, October 1, ISSfi, Swallows are re<'orclod as paFsing sout h 
at intervals, twenty at a time, from dawn to dark. Tlie returns from ilanois Light- 
house, on the west coast of Guernsey, show tha* Swallows ])ass southward fiom 6 A M. 
to 8 p.m. At the Casquets, west ot Alderney, on October I, 1880, Swallows, with 
other birds, Song-Thrushes, Ring- Ousel, Land- and Water-Kails, and a Woodcock, 
occurred from 11 p.m to .T A.M. : 200 Swallow.« struck the lantern. The movements 
at this station, however, may po.ssihly have nothing to do with migration on the 
liritish c-oasis. 

■-* When cro.ssing between Newhaven and Dieppe in September I have secq 
Swallows passing in a south-easterly direction tovyafds the Eiench poas^ 
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Mr. Chubb, of University College, London — was also prevented eventually 
from making use of it. 

In spite of these circumstances, which prevented the utilisation of the 
table to the full extent, researches of a substantial character have been 
carried out. Part of Mr. PunnetPs work, ‘On Two New Pritish Nemer- 
tines,* which has been published recently,^ jind Mr. Aders' researches on 
Spermatogenesis, on last year’s material, have been subniitted and 
accepted by the faculty of the University of !Marburg as a thesis for 
graduation. Handles’ report is given below. 

The Committee respectfully request re-election ; but in view of a 
balance of 8/. 5s, remaining unexpended, they ajjply only for a grant 
of 10/., in addition to the balance in band. 

On. t1u\ Ariftlinny of TriH'liUH, 7>/y \V. H. Kandi.ks. 

I occupied the IJritish Associ.atiou table from July 17 until August 17, 
1901, during which time I was engaged in collecting and preserving 
matc*rial for a research on the anattmiy and histology of Trochus. 

S(iveral species of Trochus are to be found (*ither at or in the vicinity 
of Plymouth, and arc repr(*sentati\es of three sub-genera, viz. — 

Trochus (dibbula) cinerarius. 

„ „ innhilicatus. 

„ „ 1 umidus. 

„ (Calliostoma) zizyjdiinus. 

., „ striatus. 

„ „ granulatus. 

„ (Trochococlilea) lineatus. 

An examination of the internal stiucture of Trochus shows the close 
relationship which evidently exists between this genus and Pleurotomaria, 
tlie anatomy of which has recently been described by Woodw^ard.- 

Kspecially is this noticeable in T. (Calliostoma) zizyphinus, wdiere, 
save for the j)re.senc<j of only one gill, the internal stnn ture is almost 
identical witli that of Pleurotomaria. The nervous .system is, however, 
more highly ditlcrentiated, there being a nearer approach to concentra- 
tion of nerve cells into ganglionic masses than obtains in Pleurotomaria. 

I have compared the ^’^lrious species of Trochus anatomically witli a 
\ iew to t(‘sting the validity of the division into sub-gemu'a. 

Tliough tin* number of spei ies obtainable hero is not very larg(‘, yet I 
find tliiit, as regards the sub-geiu*ra (Jibbula and Callio.stoma, definite 
anatomical differences do occur, which justify the separation of these 
forms into sub-genera. 

Trochus (Trochoc(jchlea) lineatus, however, piest‘nts no apparent 
anatomical diffcr(*nees from tho various species of (ithhola \ and though 
tin* examination of a single species of this sul>-genu‘«i is scarcely sutbeient 
U) (Miable one to judg(^ of its validity or not, yet a voj-y close relationship 
evidently exists between and 'rrorhovorhhu, 1 hope shortly to 

publish the results of my investigation on this genus. 

In conclusion 1 beg to thank the llritish Association for the use of 
their table and to express my indebtedness to Pr. Alhui for his many 
suggestions and ever-rcady help. 

' Quart, JouTii, HI, Science^ vol. xli. part 1. pp. r»17-5lU. Two plates* 

? Q4,M.S,, March JDOl, pp. 215^1^08, 
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Some Notea on the Behaviour of Youn^ Oitlls arUficiallij hatched. 

By Professor J. Arthur Thomson, M,A. 

[Ordered by the General Committee to bo printed in extenso."] 

The biological and psychological interest of the observations made by 
Professor C. Lloyd Alorgan and others on the behaviour of artificially 
hatched young birds (especially chicks) led me this summer to utilise an 
opportunity which presented itself of incubating some eggs of Larna 
ridibundus and of observing the behaviour of tlie young. I had also 
wished to obtain material for testing the iiifiuence of different kinds of 
diet on the texture of the stomach, but this problem was not followed 
up. Although my observations are not in any way surprising, they raise 
a number of interesting questions ; and it is, of course, well that we should 
contrast the ways of a thoroughly wild bird with tluKse of tlie chick, which 
has probably been to some extent changed by doiiK'siication. 

Some of the gulls which I hatched in ray laboratory were given t<» 
Dr. Lewis MacIntyre, lecturer on comparative p^jychology in the 
University of Aberdeen, and I am indebted to him for confirmation and 
extension of certain facts which I noti«*ed. Put, as he lias not scon this 
communication, he is not in any way responsibli‘ for errors (»f inference 
which may have crept in. 1 should also notice that four newly hatched 
birds from different nests were used for comparison with those that were 
artificially incubated. 

Among observations made on repeated occasions at the gullery the 
following may be noted, though they may 1 h' familiar to man}. 
Although the thousands of birds are extraordinarily (juick to take 
alarm— generally, to human perception, quite needlessly th(*y a(M|ui(‘si‘e 
in two or three minutes to the ])resence of an intrudiT in a boat, if lu» sir 
still under a covering of sacking. The birds will then come within 
arm^s length and settle down, though the shape of the obsio'ver wlio is 
jieering through holes cut in the sacking forms the most conspicuous 
object in tlie immediate environment. By this method it was possible 
to make sure of the fact that th(} same bird com(*s back to tlm same nest. 
As there may be hundreds of nests within a small radius - at least, half-a- 
dozen on the area of an ordinary houseliold dining table and as tli(» very 
uniform bank of mud, tussocks, and bog-bean stems ]>resents to our ('yes 
few distinctive marks, and as there is cont inuous rising, .s(|uabbling, and 
resettling, it .seemed well to take .some pains to fix attention on birds 
with some slight peculiarity of plumage, and to ])rove that tlu'y came 
back to their proper nest. The extraordinary variability of the colora- 
tion of the eggs — from un.spotted pale blue to very dark brown with 
darker spots — may facilitate the recognition of the nest during the day. 
On one occasion I observed that a very young nestling of tlie first or second 
day which had tumbled out of its own nest and crawled to the next one. 
was accepted without demur. Older youngsters, able to run about, are 
pecked at very viciously when they come, near a brooding bird. 

Firat Day , — Observations in regard to bcdiaviour immediately after 
artificial hatching were greatly hindered by the fact that the young birds 
are so imperfectly warm-blooded. Something of the nature of a hothouse 
would be useful. When the young creatures weri' taken from the incubator 
or from a warmed box they were in a few minutes oppressed with cold, 
and uttered their cry of discomfort almost continuously. As observations 
under conditions of discomfort did not seenn of value, the birds wore at 
first studied only for a few minutes at a time. 
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Hcatched with open eyes, which did not wink on the approach of a 
finger, the young birds showed no sign of any fear. A notable fact is 
their extraordinary self-possession throughout, though suspiciousness 
gradually grows on them.^ They pecked within a few hours after 
hatching both at finger and spoon, with or without food, but with a lack 
of precision. They also pecked at the cotton-wool of their beds. Many 
of the first day’s peckings missed, but the learning was very rapid. It 
was obseiwed that in precision of early pecking the young gulls were far 
ahead of young coots. Even on the first day some fed repeatedly and 
heartily, but this varied with the individual. 

Some preening was observed on the first day, and the general 
vertebrate action of raising the hind foot to scratch the head— seen in 
frog, lizard, chick, kitten, Arc. — was frequently noticed. Almost from 
the first, too, there was a slight use of the wings in balancing. 

On the first day one turned its head towanls the cheep of another in 
a separate eonipart^ient of the incubator and cheeped as if in response ; 
a third, still within the egg (chipped), often uttered a note, twice repeated, 
wh(»n the others did. Little or no attention was paid to noises, except 
to a prolonged low whistle, which was followed by cowering, even on 
the first day. 

Sfcovd Dntj.’ “On the second day the peeking was vigorous and precise : 
the birds followed brii:lil <»bje<*ts by moving ihe head and neck, and pecked 
at them in motion. They attended to sleeve-links, ring, silver spoon. 
Arc. ; they look(*d uj) or che<*p<*d wlieii I tapped at tin* window of the 
incubator, but tlu'y took no lieecl of snapping fingtu-s, ring of spoon on a 
glass beaker, rubbing of <*ork on glass, and many other striking noises. 
They shrank a from a sharp hand clap elose to them, but did not 

cower. A j)rolonge<l low whistle again made them croiicli in silence, but 
after a nuinb(*r ef trials on the same day (socmukI) o/ic of them entirely 
ceased to attend to it. It would he interesting ti» discover if tliere is in 
the normal euvironnumt some alarming sound corresponding to the 
prolonge<l low wliistle, but 1 cannot make any plausible suggestion whicli 
would apply to the gullcry observed. Later on there was obvious associa- 
tion of ci'rtaiu sounds witJi the advent or discovery of tood. 

The sensitiveness to cold — winch repeat i*dly led to a reduction in the 
number of young birds — was still very marked on the second day. Ev(*n 
tui a rug before the tire one would cre(»p into iny hands or crawl up my 
sleeve, apparently for wanntli. At the pond many young birds seemed in 
a state comj»arable to cold-coma, and it imiy be suggested that this will 
tend to prevent premature excursions, whicli would in matiy cases 
inevitably land the young birds in the water. A gentle pecking under 
sh(*lt(?r, e.7., of trouser-leg, suggested pecking at the mother's coverts. 

As is well known, the adults are very combative, and it was interesting 
to observe* a fight early on the second day of life. Ih-th pocked at Aleph’s 
hill, Aleph responded, and there was a combat so forcible that separation 
seemed advisable. It was interesting in connection with these youthful 
combats to notice the interlocking of the bills just as may bo observed in 
adults. As has been pointed out, the.se bill -wrest lings are of biological 

* I may note Imre that in early flays the prcM'nre of cat or dog does not seem to 
excite any attention ; later on there is alert atW’ntion, hut no apparent f(*ar; a 
gull two to three weeks old will run at a fox-terrier and peck its nose; but later 
on, before they fly off, when about a month old, the birds utter the alarm cry 
and retreat on the sudden appearance of a cat or dog. 
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interest in connection with the regeneration of injured beaks in birds. 
I cannot suppose that this second-day combat was other than an early 
expression of the combative instinct ; it could hardly be due to hunger, 
for I have noted in regard to Aleph and Beth, between tlieir first and second 
days, that they were fed at 3.30 a.m., at 6 a.m., at 9.30 A.M., and so on till 
() p.M. They would only take a little at a tinu*, but that greedily enough. 
I suppose the mother must give them mouthfuls with great rapidity, for I 
entirely failed to see a single case of feeding at th(^ gullery, and others 
have been equally unsuccessful. Between 7 and 8.30 p.m. on May 24, 
between 3.30 and 7.30 a.m. on the 25th, along with a careful ob.server to 
whom I am much indebted, I watched the nests in the hope of detecting 
the feeding process, but quite in vain. 

Third Day , — On the third day one of them had a bath, and showed 
the completeness of the cleaning instinct. The head was ducke<l sideways, 
shaken about, and reducked precisely in adult fashion, and this on first 
experience of water, and of cour.se without any example. Afttu* some clean- 
ing the bird drank in the usual chick fashion. 

Another, Omega, on its third day was put into a deep bath : it 
screamed for a few seconds, then settled down to paddling in a thoroughly 
efficient fashion, but with a tendency to swim backwards. It washed its 
head thoroughly, cleaned its bill with its foot, turning round and round in 
the w’atcr like a top, and after the bath it preened itself. Bepeatc'd ex- 
periments with difierent birds showed perfect lU'ss of swimming powers 
without experience or imitative stimulus ; also perfect preening after the 
hath. 

In several cases the bath 'was followed by extreme w(»akness, by con- 
vulsive fits, by inability to stand upright - also observed in fatigue (the 
whole tarso-metatarsus being horizontal) -and by a ].hy'«inliigica]ly inter- 
esting tendency to run rapidly backwards and Ihtm collapse. After 
various treatments — warm milk, a little oil, massage, and drying before 
the fire — there was rapid restoration to normal vigour. J should, of 
course, like to know what ihe backward movements really mean. They 
are not to be confused with the normal backward run of G 9 inches before 
defiecation, which is doubtless in part an instinctivt? adaidation to avoid 
filing the nest, though perhaps also wdth some internal functional import. 

Omega in its third day was lighting with X of two days, cowered 
down into a corner when 1 hissed vigorously : it was far more frighten(*d 
than any other I observed. Again, one would like t<> know what the hiss 
corresponds toiii the normal environment. The same bird Omega fought 
on the same day with Y (a day younger) with the bills gripped in the aclult 
fashion. 

My observations made at odd times in a busy summer session c«annot 
be taken so seriously as the careful studies by Lloyd Morgan and others, 
but they left me with the general impression that the wild bird is in some, 
respects more endowed at birth than tluj cleverest chick. 

For instance, while we know that Lloyd Morgan chicks would gorge 
themselves with useless or hurtful things, sucli as worms made, of red 
worsted, the young gulls were from the first judicious in their eating. 
During the first two days they got .some*, of the cotton -wool of th«5ir 
hed into their mouths, but this was inevitable ; they often pecked at little 
pieces of dry excrement, just as they pecked at any conspicuous spot, such 
as a letter on a piece of paper, and so persistently at spots on the saucer 
that it seemed advisable to give some of the youngest an unspotted saucer^ 
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Once or twice I saw one peck at a flame, but ns far as I could see they 
never swallowed anythinj' injurious or useless. They would test particles 
of tobacco, fur instance, with an oxceedin'^ly rapid touch, but they never 
went beyond testing. The same was true of young coots. I tried X re- 
peatedly with a little twisted roll of paper : he pecked at it three times 
after much provocation, but he threw it away each time, and beside this 
wr have to place the fact that they ate worms in the garden and small 
insficts witliout any ln»sitation the very first time. A heavy meal of a 
]jarticular sort seemed to b(5 followed by repugnance to the same footl 
next day ; they showed that repentance wliich is ‘ the weight of undigested 
meals ate yesterday.' Thus I note that ‘ Alpha and Beta ate too much 
fish yesterday, won’t touch it to-day, but take liver freely,’ and similarly 
wdth many other food-stulTs. Noteworthy achievements were catching 
a Hying insect and breaking an earthworin into three pieces. 

As to <iiuckijess of learning, 1 observed that of two nestlings who 
were having their first experience of food in a saucer, the elder after some 
food had b(‘(*n given to it peckt^l of itself, while the younger pecked at 
tii’st only at the bill of its senior, but within five minutes pecked also out 
of the. saucer. 

As to sounds, it seemed possible to distinguisli (a) the peep-peep 
uttered before birth and long afterwards when they were not completely 
comfortable. The same is Inward at the gallery wluui the mothiT has been 
oil* the m*.st for some time ; sometimes in my specimens it would not be 
once hi‘ard for fifteen minutes or more. It means cold, hunger, or some 
discomfort, (h) Secondly, there is a deeper, more adult like dissyllabic 
<iuack utt(‘rcd in excitement before food, (e) Thirdly, a sbarj) surprise 
ery uttered wh(»n they were lift<ul quickly into bright light, or disturbed. 
(fi) Kourtlily, there is a very plaintive, but contentcnl, almost sigh-like 
ehe.ep, often when v(My comfortable. 

Om* thing the young gulls .seemed to have to learn in their artificial 
cnvironiirMit was to recognise water to drink, hut this was probably 
because it was ju’esented to them not tpiite normally -in saucers, glass 
vessels, and sliallow bath. Although thirsty, they would walk round, or 
even at- iirst through, a saucer without using their opportunity. As w ith 
Lloyd Morgan’s chicks they drank if thew got their bills wet by pecking 
while standing in the water, and tliey also drank when thrown into 
water. ( >nly after ten days’ education did one of them go ac once to a 
dish of w^ater placi*d on the lloor ami <lnnk, 1 conoludo that an artificial 
as.sociation was c*stablis]ied between a shining surface *and drink, for I 
have, seen my gulls of three weeks or si) trying to ilrink from the glass lid 
of a pastcboai cl .specimen box placed on the llooi*. 

Another general impression I got was that the kin-instinct is strong. 
Then* seems to be, oven from wdtliiii the egg a responsive piping to those 
outside. On the first day Both trieil to make towards .\leph in a separate 
compartment of the incubator ; an older binl showed the greatest com- 
pla»*ence towai*ds its younger companion avIio folio wi'd it about and often 
tried to snuggle under its imperfect wnng : w hen one, before having its 
first bath, tumbled from the floating cork raft into the water, and was for a 
moment confused and scroann'd, his companion, who had experience of 
two previous baths, jumped after the first, s\vam to him, and touched him ; 
wluiro two strangers were brought together for convenience of warmth, 
th(*re was in one case amity after a few bill-peckings ; in another case 
they were not scon nestling together till the third day ; in two cases 
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when the older gull had taken flight into freedom leaving a youngel* com- 
panion in the garden, the first to fly returned repeatedly to visit the 
younger until it also flew ; adults of the species flew about overhead 
when the young in the garden were approaching their time for flight. On 
the other hand, a winged herring gull (shot by some careless person) 
which lived in the garden displayed not the remotest interest in its small 
congeners. Nor were young coots interested in young gulls. 

The widespread following-instinct was very marked between younger 
and older ; indeed, to find one in a large room in the summer twilight the 
quickest way was to set loose another, and it should also be noticed, in 
confirmation of some remarks by Thorndike, that one of the young gulls 
used to follow a little boy’s bare feet 2 >ersistently over the lawn, nestling 
beside them when he stood still. 

Finally, it may be noticed that wdiile there was for three to four weeks 
great tameness and familiarity on the 2 )€art<)f the young gulls, the wild shy- 
ness and suspicion grew quickly after they were aide to rise from the ground. 
The species is of course migratory, and there seemed to be a growing 
restlessness tow/irds the end of J uly, but this may have bt*en promj)ted 
by adults who frequently flew round and round overhead. It was note- 
worthy, however, that there was a return of tameness on the part of a 
younger bird after the flight of the older. It was even semi to thread its 
way through a group of children seatt'd on the lawn, iiud coolly ap- 
propriate a strawberry from one of the plates. 


Chantjes of the Lcitul Lend of the VUleijni'an Fieuh , — liCpod of a 

(Joniniittec eonnisiiiuj of Dr. II. R. Miu, {(dnnnnun), Mr. U. N. 
Dioksoi^ (Serretarji)^ i)r. Scott Keltie, (uid Mr. R. (U ntiier. 
(Dmwih vp bj/ Mr. R. T. Gcntheh.) 

Work was commenced soon after my arrival in Naples at the end of 
June 1901, and is still in progress. 

I am very glad to lie able to report that the matei’ial for investigation 
is even more abundant than T antici 2 >ated when the* resf*arch was pro- 
posed as a desirable one a year ago. Many of the so-called rocks and 
shoals along the coast of Posilipo have proved to be nvilly artificial con- 
structions, Roman breakwaters and foundations, and walls of houst*s. 

So far as I am aware, these constructions, now submerged to varying 
depths, have never been imqiped ; nor indeed is there a good large scale 
map of the coast upon which the submarine anti(juities could be plotted. 
I have therefore had to devote a good deal of time to tin? preparation of 
a new survey of the coast line before beginning to map the adjacent 
portions of the sea bottom. 

The sites to which I have devoted most attention uro : 

1. A triangular area inside tlic Pietra Salata, south of the Capo di 
Posilipo. Here the remains of a large house or houses have been dis- 
covered. 

2. The ancient harbour of Marechiano, famed as the traditional site 
of Pollio’s fish tanks. 

3. The Gaiola region and Trentaremi Bay, To the north-cast of the 
Gaiola is a Roman harbour, which 0 (*ems to have altogether escaped the 
notice of modern archaeologists. It is shcltenKl on the south by a series 
of piers (now entirly submerged) very like those of the Roman harbours 
of Nisida, Pozzuoli, and Misonuin. 
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It is unfortunate tliat this material, being submerged, will take a long 
time to work out completely ; were it above water a clear idea of its 
signiiicance would bo sooner obtained. 

So far as the work has gone at pres(*nt, it tends to show that the 
land level in lloinan times was about 15 feet higher than at present ; 
that there was a road all along the coast of Posilipo underneath the cliffs ; 
and that this road was lined by numerous houses, most of which have 
been waslied away. These poiiits and others will be shown on a map 
which is in preparation. 


Tlic Climaiolnijji of A friai. — Ti^nih otitl Fuial of a Commlilee 

if Mr. k. Cr. Ravenstein Jlr. H. R. Mill, 

and^Aw II. X. IJjrKisON {prcrctmoj). {Drturn up bij the ClmirnifUb,) 

METEoitOUxiiOAL rotums hav(‘ been received by your Committee in the 
course of last \ear from twenty one stations in Africa, including Asiut and 
Omdiirman : Old Calabar; Rlantyre, Lauderdale, Fort Johnston, and 
Xkala Ray in Nyasaland ; Kisimayu, Malindi, Lainu, Takaunga, Mombasa, 
and Shimoni on the coast- of Rritish East Africa ; Machako s, Xitui, 
Nairobi, and Kikuyu in tlie interior of that Protectorate ; and from the 
four lake stations in Ruganda. We are, moreover, enabled to give* the 
results of seven years* oi»s(*rvation on the rainfall at Mongo (Ruganda), 
taken from the unpublished journal of the late Mr. A. M. 3Iac‘kay. A 
table giving the rainfall sineo 1S90 at a number of stations has been added. 

Since tlie appointment of your Committee in ISOI meteorological 
reports from as many as st*venty-one African stations havt* been pub- 
lislied through its agency, and it may safely bt‘ asserted that many of 
the more valuable of thes(» observations would never have been made or 
become generally available had it not been through our action. Amongst 
these stations, however, tliere are only tifty-six the ivconls of Mhich 
embrace, a full year, and (‘le\cn from whicli we have rect'ived full returns 
for at least live yi*ars. Tlieso latti'r are Lauderilale, Dunraven (rainfall 
only), Kisimayu, ^Malindi, Lainu, Tak.iunga (rainfall only), Mombasa, 
diuyu (or Shimoni in Wanga), Machako’s, Fort Smith (in Kikuyu), and 
^lengo (Naniireinbo and Natote). Among stations having a less exttmded 
record, but distinguished for the care with wliich th(? observations were 
taken and tlu^ interest attaching to the results, are Rolobo in tlie Congo 
State ([V\ years) ; Ztmiha ( I years) and Fort Johnston (-iS months) in 
Nyasaland ; Kibwezi(LS months) in Rritish East Africa and Old Calalmr. 
We sliould also refer here to the high value attaching to the obsei’vations 
on the lake IoaoI of Victoria Nyanza. 

A summary of Dr. Livingstone’s meteorological work during his last 
journey (lSOG-71) will lie found in our report for 1SP4. 

In Major Lyons, Director (Jeneral of tlie Surv(‘y De])artiiient, 

is gradually pushing met(*orological stations intt) the Sudan 

In JS'f/amfanff the scientitic ilepartme.nt lias lieeii organised by Sir H. 
Johnston and jilacod in charge of Air. AlcClounie, an able and zealous officer, 
who during a recent visit to Europe has availed himself of opportunities 
fiflered to gain a competent knowledge of the working of a thoroughly 
e(|uippcd meteorological observatory. Zomba, the lieadi^uarters of the 
Protectorate, will soon take its place among stations of the first order, for 
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it is now fuf rtishftd with a thermograph, a bai'bgfaph (specially designed 
for a considerable altitude), an anemometer, and a Whipple-Caselle sun*- 
shine recorder. Fort Johnston ranks as a station of the second order, 
and it is proposed to establish similar stations at Chinde and at one of 
the lake ports. In addition to Lauderdale, where the representatives of 
Mr. J. W. JVIoir continue his work, Zomba, and Fort J ohnston, there are 
ten climatological stations, and rain-gauges have been set up in many 
places. Quite recently ten hygrometers have been ordered, for, as Mr. 
McClounio writes, ‘ cacao is to be experimented with, and to think of 
growing such a product anywhere we must have some idea of humidity 
and saturation.* The registers are kept in conformity with our ‘ Hints.* 
The results are published monthly in full as a supplement to the ‘ British 
Central Africa Gazette * and freely distributed. 

In Jiritish East Africa instruments were supplied in 1891 by the late 
Imperial British East Africa Company, and it does not appear that fresh 
grants have been made since or breakages made good. The earlier 
records appear to have been lost, but a summary of all that could be 
saved up to 1893 has been published by the Chairman of your Com- 
mittee.' All that has been done .since will be found in the ‘ Reports * of 
your Committee, the original ‘ Registers * having been kindly communi- 
cated by the Foreign Otlice. 

In July 1895 Dr. A. D. Mackinnou proposed to H.M. Commissioner 
for B Uganda the establishment of at least three fully equipped meteoro- 
logical stations, there existing at that time throughout the Protectorate 
only two r.« In I'n!* in addition to a few instruments in the hands of 
the missionaries. These sets, including mercurial barometers and anemo- 
meters, were granted by the Foreign Oliice in May 189G, and supple- 
mentary grants have been made since. When Sir H. II. Johnston 
arrived at the close of 1899 he found Mr. Alexander Whyte at the head 
of a scientific department, and he induced th(5 Foreign OlUce to appoint 
an assistant (Mr. J. jMahoii), who should attend more particularly to the 
collections and the tabulation of iiietc'orological information. Meteoro- 
logical stations have now been established at Naivasha, Ikiringo, Eldoma 
Ravine, Kisumu, Mumias, Jinja, Fort Thruston, Kampala, Ntebe, Fort 
Stanley (Sese Islands), Masaka (Buddu), Fort Portal (Toro), Mbarara 
(Ankole), Hoima (Uiiyoro), Wadelai, and Gondokoro. 

Such of the instrumtmts originally issued by us which have not 
become unserviceable, ])een lost, or been otherwise disposed of have been 
left in the hands of trustworthy obser\ers, with a loversionary claim 
upon them by the British authorities within whose territory the stations 
are situated. 

Your Committee have likewise published ‘ flints to Meteorological 
Observers in Tropical Africa,* which, they arc happy to say, have been 
made widely known and freely accepted by obstjrvers. (Copies may bo 
obtained on application to the Secretary of the Royal Meteorological 
Society. 

The registers received by your Committi^e, and not claimed by the 
observers, have been handed over either to the Mo*tcorological Council or 

* ‘Report on Meteorological Observations in Rriiish Ea-t Africa for 1803.' 
London : G. Thilip & 8oft, 1891. Tersons interested can have copies gratis oti 
application. 
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to the Secretary of the Royal Meteorological Society, and may be freely 
consulted by persons interested. 

Your Committee are under no illusion as to the merely conditional 
value of many observations published by them. The index errors of the 
instruments were unknown in many instances ; the hours for making 
observations were injudicially chosen ; the observers, owing to illness or 
ofiicial duties, were frequently unable to fill up the registers, and there 
was no one to take their place ; or, worse still, they had absolutely no 
knowledge of the manner in which the instruments entrusted to them 
should be handled, and placed readings on record which, on the face of 
them, are utt(‘rly absurd,^ and must unhesitatingly he rejected. 

Your Committee, on bringing their ten years’ service to a close, 
desire to direct the attention of the authorities called upon to organise the 
meteorological service iii ihitish Protectorates or Crown Colonies to the 
following points 

1. The insfruments supplied should not only he verified l)efore they 
leave England, hut should also be inspectftl periodically by a competent 
ofiicial, who would pay particular attention to their exposure, inquire 
into the conqwtency of the persons charged with filling in the registers, 
and eventually teach them how to observe. 

2. Inasmuch as all (dlicials may occasionally he called upon to fill up 
the registers, they sliould be instructed, Ix^fore they leave England, in 
handling and reading the usual meteondogical instruments. An liour 
spent at the oflice of the Meteorological Council, or with the ^Secretary of 
tlio Royal Meteorological Society, would sullice for that purpose. 

3. It is of far greater importance to have a limited number of stations 
well equipped, and the registers from which can be thoroughly trusted, 
than a multiplicity of stations provided with defective instruments, care- 
lessly or intermitt ingly attended to. 

4 . Care should be taken that there should be no interruption in the 
records kept at the principal stations owing to the illness or temporary 
ab.senee of the obscu'ver. Duly qualified rative assistants could be 
obtained from the ISleteorological Department of India. 

T). Tt is most desirable that the hours of observation recommended in 
our * Hints’ should b(» strictly adhered to, not for the sake of uniformity 
only, but mainly because they yield a true mean of barometric pressure, 
temperature, and humidity without making undue or unreasonable demands 
upon the time of the* observers. 

G. Unless local proviswm is made for the adequate publication of the 
observations, the registers should he forwarded (through the Foreign or 
tlie (.^olonial Cilice) to the IMcteorologieal Council, or to the Secretary of 
the Royal ■Meteorological Society, in order that abstracts may be prepared 
and made generally accessible to meteorologists and others interested. 
Still better would it be if an annual volume containing all these observa- 
tions wore to be published separately. ^ 

• Not. infrefiuenily, as pointed out by us in publisliiiig these observations, the 
wet btilb and maximum thermometers ^ive higher readings than the dry bulb and 
minimum thermometers. Nay, some of these observers seem to be ignorant of the 
decimal notation, for they enter 17‘b or 30*G8 when t.'icrc is ng doubt that 17*08 and 
30*088 might to have been entered. 

1901. C C 
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Calabar. Lat. 4° 68' TV., Long. 8® 17' E. Observers: Dr. E. O. Fenton and Dr. Robert 


Month 

Barometer 

Temperature 

Relative 

Humidity 

Y apour 
Pressure 

Bain 

Mean 

Max. 

Mean 

Min. 

Mean 

Extremes 

Amount 

Days 

Heaviest 

Fall 

Max. 

Min. 


1900 




In. 






p.c. 

In. 

In. 

No. 

In. 

June . 





3C‘08 

87-9 

7-3-2 

80-8 

92 

71 

84-4 

•836 

32-69 

22 

6-01 

July . . 





30-10 

82-9 

76-9 

77-9 

90 

70 

85-8 

•801 

|13-61 

25 

1-95 

August . 





•09 

81-1 

72-0 

77-1 

86 

70 

88-2 

•808 

6-39 

15 

1-35 

September 





•07 

84-9 

73-4 

80-8 

92 

70 

85-7 

•820 

11-84 

25 

2 29 

October . 





•01 

88-4 

73-9 

82-3 

91 

70 

83-6 

•793 

9-.38 

17 

2-24 

November 





•00 

88-8 

72-6 

82-8 

91 

71 

83-9 

•863 

11-34 

12 

3-32 

December 





29-99 

87-0 

73-6 

81-9 

89 

70 

83-6 

•812 

1-32 

1 

1-32 


1901 















January . 





29-99 

88-0 

71-7 

83-4 

90 

68 

78-8 

•784 

2-68 

1 

2-68 

February 





•99 

91*3 

74-3 

86-5 

94 

72 

78-1 

•834 

0-69 

5 

0-23 

March . 





•96 

90-2 

74-2 

84-8 

94 

71 

81-0 

•863 

7-70 

8 

2-25 

April 





•98 

90-9 

73-6 

85-5 

93 

71 

T.'i-H 

•858 

ll-Ol 

10 

3-31 

May 





30-00 

90*0 

75-0 

81-9 

94 

75 

! 77-0 

•814 

10-95 

19 

2-97 

Year 





.30-02 

87-6 

73-6 

82-2 

94 

68 

82-1 

•824 

I 

119-50 

150 

5-01 


I The mean temperature has been dcclnccd from the formula 
formula ^ 

The observations In otlier respects are published as received. 

I The relative humidity at 7 n.ni. was 9 bo p.c., at 1 p.m. it was 
I 33 p.c. on January 27 and 95 p.c. in May. 


Lav.derdale^ Mlanje. Lat. 10® 2' S.t Long. 35° 30' E.y 2,540 feet. Communicated by John 1 


7t-l+9 + 9 mean pressure and humidit; 


C8T p.c,, at 9 p.m. 87-2 p.c. The extremes n 


Month 

Mean Temperature 

Temp. 

Extremes 

Mean 'JVmp. 
Wet Bulb 

Dew 

Point 

Vapour 

Pressure 

Relative 

Humidity 

Bain 

6 

A.M. 

9 

P.M. 

4 

d 

3 

Mean 

Highest 

49 

SB 

if 

6 

A..M. 

9 

P.M. 

6 

A.M. 

9 

P.M. 

6 

A.M. 

9 

P.M. 

6 

A.M. 

9 

P.M. 

Amount 

m 

>* 

c8 

P 

Highest 

1900 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

In. 

In. 

p.c. 

p.c. 

In. 

No. 

la 

January . 
February 

: 

J ■■ 

- " 

, . 

7. .■ 

87-8 

60-0 

67-5 

69-3 

66-5 

68-1 

•650 

•685 

90 

86 

19-23 

26 

4-86 



■> ' 

■« ■ 


89-5 

61-2 

65-0 

67-3 

63-2 

66-6 

•692 

•627 

87 

87 

9-86 

16 

2*24 


. . f 

. ! 

■ 5 


87-6 

61-1 

65-2 

67-6 

64-2 

65-4 

•599 

•626 

89 

79 

18-89 

16 

4-21 

April 

Blfty « • 



" 

\ 


87*9 

68-0 

62-0 

64-4 

60-3 

61-4 

•523 

•644 

84 

73 

6-74 

6 

2-35 


■ 

i . 



79-9 

55-3 

60-6 

62-5 

69-0 

60-5 

•600 

•626 

86 

81 

6*60 

13 

2-H 


i 


' ' 


76-2 

49-6 

65-3 

67-6 

62-9 

60-5 

•397 

■426 

79 

93 

2-23 

8 

0*74 

July 

August ‘ . 
September 
October . . 

.. .. 





76-3 

51-4 

65-1 

67-9 

61-9 

64-1 

•386 

•418 

78 

70 

0-67 

3 

0-44 



. * 



76-9 

50-1 

67-2 

59-4 

64*2 

47-4 

•420 

•327 

77 

66 

2-20 

3 

1-2J: 

■ 1 , 

■'■i 

■ ■. 

. ■' 

■ ■ : 

86-1 

52-0 

66-9 

60-1 

54-G 

55-1 

•426 

•436 

81 

62 

3‘11 

2 

2-7J 

■ i 

7." 7 

... .. 

■ VI 


95-2 

67-0 

64-6 

66-2 

61-1 

68-7 

•637 

•494 

72 

52 

2-82 

2 

2*31 

November 

" 7 

:■ ■> 

-3 ; 


7 

94-3 

60*0 

66-3 

67-8 

64-3 

64-7 

•601 

•611 

80 

71 

8-94 

9 

5-44 

December 



l_ 

■ , :i 

1 


88-5 

1 

62-0 

67-4 

68-3 

66-4 

66-7 

•647 

•663 

89 

80 

12‘62 

16 

2-65 

Year 1900 

'■■.5 



1 ,1 


95-2 

49-6 

62-0 

64*0 

59-9 

60-7 

•623 

•631 

82 < 

74 

93-69 

119 

5-4^ 

„ 1899 

. . M 

■-7 ■■ 

■■■5 

■' ! ■' 

■ 

99-8 

49-2 

49-2 

67-3 

68-7 

60-3 

•604 

•529 

84 

77 

128-14 

182 

8-6( 

„ 1898 

. i; 

■: ■* ;■ 


■ . - 

7- i 

95’0 

51-2 

61-2 

68-6 

59-6 

61-2 

•618 

•647 

87 

77 

168-87 

207 

9‘6: 

„ 1897 



.. 1 - 

..•2 

7 . » 

, 99-1 

47-3 

— 

_ 









— 


79-01 

187 

3-9S 

„ 1896 

'■!4 5 

os-"' 


62-7 

'71-4 

100-4 

51-0 

— 

— 








... 



108-18 

161 

6 * 0 : 

„ 1895 . 

U3-9 



63 >1 

r* ''i 

98-8 

61-5 

60-6 

64-0 

68-4 

61-5 

•494 

•552 

82 

78 

181-72 

194 

12-4] 

Mean, 1896-190C 



|78-9 

|62‘2 

|70-6 

07-9 

49-7 

- 








113-65 

165 

6-51 



* The mean temperature is assumed to be the mean of the max. and min, temperatures, and is about 1® too 



ON THE CLIMATOLOGY OF AFRICA. 


380 


1 ^^ort Johiston^ Nyasaland, 

TM. 14® 28 

&, Lony, 35° 15' K.^ Alt l,590/<f«i approx. 



Bnrometcr 

Mean Temp. 

Temp. 

Extromoa 

.p 


>'§ 


Kain 


o 

rH 

o a 

0) 

a 

lifonth 

((Mirrectcil 
lor luJcx 
error onl) ) 

Moan 

Max. 

Mean 

Mm. 

Mean 

IliRhJ 
est i 

! 

Ldw- 

est 

3 

di 

>> 

& 

it 

es b 

11 

3 

o 

3 

ta 

1 

He.'iviost 

Fall 

}l 

■*3 

a 

s 

OQ 

1 18*)H 

1 Jauunry 

1 Fol»niary . 

1 March . 

; April . 

; May . 

. .Inac . 

_ July . 

; AuKU't 

1 Septemher . 

1 < )ctuhcr 

1 NovcnihiT . 

1 ])c(’cn>l)i r . 

III. 

2h*Pi9 

•189 

•193 

•.'iri9 

•1525 
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•7-JJ 

•707 

■liO.'i 

•r);ii 

•170 

•1H5 

„ 

HH-5 
Ki;7 
87 9 
810 

8 1-2 
78- 1 
79 1 
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89 7 
91) 9 
99 3 
939 

7W 
(19-2 
(19 :> 

r.rc9 

00-2 

S7*7 

fi«-7 

5«.-2 

til-7 

«.V1 

71-8 

09-0 

77-8 
7r.7 
7l5 1 
73-2 
71*2 
CO 7 
oc 3 
07-2 
718 
81 1 
82-9 
80-9 

j 
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91 9 • 
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94-7 ] 
lH)-9 1 
89 7 
87 5 
IMM) 
9fi-0 
105 9 
105 H 
105 0 

o;'’-5 
titi-8 
<55-5 
CO 0 
51 ti 
51-1 
51-8 
49 4 
53 5 
00-0 
6ti‘8 
tii-O 

^ 1 In. 
72 8 ' -HOlJ 
09 7 -724 

71 4 . -709 
07-4 *078 
n-j-j -Stio 
57-0 ' *431 
50 5 *150 

55-2 •130 

02-0 ‘-''SO 

ti7-2 , ‘litiS 
C5-ti 1 -70.9 
: C9-H ■ -720 

V 

83 

79 

HI 

82 

;:> 

71 

71 

(.9 

05 

b2 

' 62 

69 

In. 

7 51 
K-tiR 

6 89 
615 

on 

0'17 
11112 
0-27 
U-04 
0 42 
2'Oti 

1 9-36 

No. 

23 

14 

18 

13 

1 

6 

2 

ii 

1 

1 

1 7 

' 17 

To. 
114 
•2 23 
177 
3-4ti 
u-11 

0-14 

0 01 
0-14 

0 04 

0 24 

I 0*81 

1 1*72 

6*7 

6*7 

6-6 

6*4 

31 

6*2 

61 

4*9 

3-8 

30 

67 

7*3 

M il 1 1 1 M M 1 I j 

year ih:»h 

•ri73 

M-!, 

til-.) 

71-4 


- 

1 64*7 

• -627 

1 73 

42 01 

107 

; 2"23 

, 5*5 

- 

IM'J'J 

Jiinuurv 

1 ‘JH-.'iir* 

93 fi 

fi7-:i 

^ 79 2 

100-9 

G2-1 

09-.5 

i -71.5 

' 71 

' 1 80 

8 

1 0-72 

4*7 

* 247 

I'l'lini.iry . 

i -iw 

88 7 

<i7'li 

79-:i 

liN»2 

ti4 3 

To 7 

■ -748 

7U 

' 1*2 17 

! 20 

• 3*33 

■ 8*8 

' 109 

Mill ell . 


181 I 

h(i‘l 

79 1 

97-0 

03 0 

7u.l 

•741 

. 79 

0 l»i 

13 

' 1-40 

4*8 

' 24G 

A III il . 

j S<M 

8«-.'i 

tir> 1 

— 

9.3-0 

59 (1 
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1-27 
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, 82 8 

tin 9 
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, 85 0 
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1 

; 0 04 

__ 
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1 81 h 

5ti 1 


85 U 
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__ 


1 — 

, 0 00 
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. — 

— 

I 

inoo 

January 

2S‘S10 1 

1 91*1 

fi9.3 

80-5 

98 0 

oo-o 

, 74 6 

•8.54 

1 

1 

RI 

11*37 

' 20 

2*34 

' 5*7 

_ 1 

Fohru iVy . 

! S)t; 

91-1 

07 1 

77 9 

98 0 

0.V5 

:-2-9 

•8o9 

' 79 

3 0.) 

10 

, I'lO 

f)*2 

1 

March ,* 

1 •H7K 


<17 3 

81 (. 

99 0 

out 

7*2 .5 

•798 

75 

' 2 57 

11 

0 09 

4*0 

- i 

1 April . 


91-3 

iTi 1 

80 7 

9.5 0 

0-2 0 

71 S 

•779 

71 

(ft 17 

, 3 

1 11-04 

2*3 

1 ^ ! 

' May . 

; -OH ' 

89‘.'i 

(•2 0 

79T> 

9 ; 0 

.58 0 

70.3 

•713 

7.1 

017 

- 2 

' 015 

3*0 



1 June . 

2'Hjir> ( 

8.M 

/.». 1 

72 f» 

9'iu 

52*0 

(.4*0 

-.598 

71 

. 0 01 

I 

0*01 

3 0 

■■ 

1 OctoluT 

iM.'i.'ii 1 

1018 

ti.*) 2 

— 

10.5 2 

.59 1 





OINt 

' 0 

, _ 

2 1 

' .303 

1 Novi mher . 

■.'i32 1 

9ii9 < 

72 8 

82 1 

1017 

fi.5-H 

• 7o2 

711 

01 

2*80 

10 

' 0 05 

3 8 

' 269 

1 iJn’cutlicr . 

•197 

93 9 ■ 

tiS 0 

SO'2 

99 1 

til H 

71 :» 

•783 

71 

5 17 

' - 

1*25 

1 42 
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fml Jahmlm.—Thf inran t.-mpTitiin' il('.lni-p.i from the (uiniiila ‘ ‘ ■ ^ ' : tho )mn)i'lit.v fnim ' Tlw 

biintmctfr is cnrnn'ttsi lor iij«U‘\ orror J»ut not rr*lu«-o«] to 32" K. 
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BEPORT — 1901 


afombana. 4° 4' N, »»° 42' JS.. (H) fret. Obterrrr ; J. H'. Tritton. 


Mean Temperatures 


I Temp. I 
Extremes, 


Humidil}', 9 a,m. 


Mouth 

ulAtino 

sphere 

9 A.M. 

t'i 


.55 

C J 

G 2 

S-: 

AO 

Highest j 

Lowest 

S 

n 

b a 
PfS! 

Vapour ' 
Pressure 

ll 

11 

_rtw 

1 

B 

f 

S’ 

5_l 

1900 

In. 






! o ■ n 1 



i In. 

r.e. 

In. 

No.hn. 1 

.No. 

January . 

29-881 

830 

80 8 

87'^0 

82®6 

847 

' 88 ■ 80 

4°3 

79®8 

11016 

93 

4-U9 

7 11-05 i 

17 

Febmaiy . 

-816 

81-9 

82 8 

87-6 

8-2-7 

85-1 

1 80 70 

48 

8-2-2 

1-U‘J6 

91 

2-23 

6 |l-06 1 

11 

March 

•874 

84-9 

83-3 

S7 7 

OS-1* 

77-9» 

1 98 60' 

8-6‘ 

83-8 

: 1-120 

95 

6-62 

11 i2-22| 

1.! [ 

April 

■879 

85-3 

83 6 

87-7 

86-3 

86 6 

, 90 82 1 

2-1 

831 

1 1-130 

91 

2*64 

8 jl*35 1 


l^Iay , . 

•928 

818 

81-U 

81T) 

81-5 

8.3-0 

i 87 80 ' 

3-0 

8l-f) 

' 1-074 

96 

18 U7 

15 5*10 1 

6 1 

June. 

•946 

79-7 

78-1 

82-4 

80-3 

81-3 

1 81 ■ 79 1 

•2-1 

77-5 

0-942 

95 

2 53 

10 (160 

10 

July . 

•963 

78-9 

77-2 

81-9 

80-1 

810 

, 86 ' 79 ' 

18 

76-6 

, -913 

95 

6*13 

15 1 I-I 2 ! 

‘ 

August . 

•959 

79-2 

1 77*5 

, 81-4 

! 80 9 

81-1 

1 83 1 79 j 

0-5 

76 9 

•922 

95 

1-1.5 

9 lo-50| 

5 

September 

■917 

80-7 

79-2 

. 82-8 

; 82-2 

KO-.** 

■ 85 ' 81 

0 6 

79 0 

' -988 

98 

. 2.14 

8 ,1 05 

2 

October . i 

, *870 

81-8 

, 80-2 

83-4 

: 82-9 

83 2 

1 85 , 81 ‘ 

U-6 

79-7 

l-Oll 

9.5 

' 6-22 

9 ,1 8.1 1 

*! 

November 

! *817 

83-2 

1 81-6 

' 85-1 

' 83-5 

81-3 

j 88 , HI 

1-6 

81 1 

, I'il&9 

yf) 

. 5 44 


6 

December, j 

•786 

83-5 

' 81-4 

85-4 

, 81-2 

818 

1 87 ! 82 j 

J 2 1 

80-8 

; 1-017 

91 

1 3*86 

8 |1-07| 

10 

Year 1900 

29-887 

82-2 

! 8()-5 

81-7 

i 81-2 

85 9 

1 98 60 • 

” 35 ”! 

80-0 

1-1126 

9 .') 

61*66 

114 '6-10 i 

99 j 

„ 1899 1 

1 -911 

81-7 

1 79 4 

83-9 

78-6 

82-3 

1 90 . 73 

7.1 I 

78 5 

' -974 ! 

: 90 

3.5-16 

94 2 78i 

— i 

1898 ! 

' -889 

81-4 

! 78-5 

81-5 

76-3 

H0-.3 

. 87 69 

8-4 1 

7.5 9 

946 , 

, 88 

2.'i-0(i‘ 

39 JfiO 


„ 1897 1 

i -904 

I 80-7 

1 77-0 

, 83-2 

1 75-1 1 

79 3 

88 71 

78 1 

75-6 

! -886 , 

85 

' hi 56 

42 o.>0 

— ! 

„ 1896 ' 

' -906 

80 3 

i 76-6 

, 8-2 9 

* 76 8 1 

1 79 3 

89 7U 

7-1 I 

7.18 

■832 

81 

65 21 

94 131, 

1 

Mean, 1896- j 

1 I 

i 

i 1 

J j 

1 1 


__ . 

1 


1 


1 

‘ 1 


1900. . 

20-899 1 

' 81-5 1 

781 ' 

Hl-2 

77 4 1 

81 i 

90 ' 71-' 

68 1 

77 9' 

: -909- 

8(,^ 

17 92 

77 T) 10 



A/ofnbaM.—A.\l leadliiK*' h.ivo hcvn concctctl tor iiisitnimwital cni>r,c\'‘eptimr tho«.e »t the l)At«)iuuti'i, theiecunU 
of which have, however, been re<luced to 32® F. and to btaiiihiul J 5 ravit> iii ^. 11 . 45 ^’. j 

1 Thercndinj,»^of tlicmuHinum tin rmo?aeter duritiff Mai 4 *li should he rejeeliMl On Id dtt.v* the max. and nun. | 

tcmjieruture ib btatc^d to have been the bume, and oil 4 dajn the min. temp, i- eiiten'd h.iviuK e\eecde<l tlie max. i 
temperature. It is probable that the wot hull) rcadniKs tor st veml jeais pa^t have heen too hi^di. 


“ Omittlny the \ear 19()d. 

Shimoni ( Wattffu). 4 ° .' 18 ' S., 39 ° 2V R 
Observers: M* G. CarraLho, K 11. X. Murratf^ and the 
late £. 11. Jlumll. 


I'nrtU I 

/Miiiu. 2 “ -S’ , iMiig ' 4 l»" iF' " 
Observers: A. S. liiujers, Wallace 
Jilahe, J J. Anderson, 

Mein ; Jlumldity ll A.M. 


Atmospheric 

Pressure 


9am 3 i’.M Ury Wet 


llnmiility, 
y \ M. 


I'i 


1900 

In. 

In. 

j 

0 0 , c ' 

In. 

Pc 

In. 

No. 

In. 

January . 

29-882 '29 818 

81-4 HI 2 H«)2 

1-028 

90 

2-8.5 

S 

1-90 

February . 

•865 

-81.1 

81-5 8-J.5 HI -9' 

1-087 

94 

•89 

s 

•70 

Alareh 

•909 

•813 81-1 82 3 81-(. 

1078 

9i 

3-10 

7 

PH7 

Apnl 

•908 

•811 

81 1 79-5 78 9 

•981 

91 

2-98 

9 

1-50 

May . 

•914 

•816 

79 0 77- 1 70 8 

•921 

9.5 

21-15 

25 

4-92 

June. 

•957 

•860 

76-3 74 9 74-4 

•848 

95 

4-17 

11 

1-15 

July . 

30-029 

•966 

76-6 76-1 71.5 

•8.5:{ 

9.5 


21 

1-30 

August . 

•U41 

•970 

75-9 74-8 71-5 

•8.5.J 

97 

2 83 

16 

•50 

September 

•010 

•969 

76-5 7b' 1 76 0 

•897 

tl9 

2-45 

8 

1-15 

October . 

29*979 

•920 

79-0 77-8 77-1 

•938 

96 

3-69 

8 

* 7.5 

November 

•906 

■945 

80-9 79-8 79-1 

1 003 

{H 

S'66 

12 

3 00 

December. ' 

•878 

•835 

81-1 8U-0 79 6 

1-oiu 

98 

1-68 

U 

•39 

Tear 1900 

29-940 129-878 

80-0 78 5 77 »' 

•958 

9.5 

.59-76 

120 

4 92 

„ 1890 

-943 

•879 

76 6 77-7 77-0 

•927 

92 

.5351 

91 

4-(.0 

„ 1898 

•901 

— 

80-7 79-1 78-.5' 

•974 

93 

,2730 

8,5 

2-80 

„ 1897 

•788 

— 

81 0 79-1 79 3 

•977 

9-i 

56 75 

1(>9 

4 60 

„ 1896 

•805 

— 

80- 1| 76-6 75-2' 

•874 

85 

t 56 57 

111 

.5 25 

'Mean, 1896-' 



79 7 78-2 77-6' 



1 

1 


i 1900. . 

29-876 

— 

•942 ' 91 

46-.56 

w\ 

i .5 2.5 


1900 


'' 

i 

1 In. 

Pc ' 

.Tannarv . 

81 -.5 

89-.5 

79 2 

1 -99.5 

88 , 

rebrn.iry . 

84-7 

Hl-7 

HO 7 

] 1017 

91 ‘ 

March 

85 0 

89 S 

79 .5 

j 1 on:! 

87 j 

Apnl 

8.S0 

hi 5 

81-0 

1 1 0.57 

91 ■ 

Mav . 

s;(j 

.MU 8 

79-9 

' 1 019 

92 

.Funo 

81 t 

7SI, 

77-7 

Iu9i6 

92 

July. 

79 <5 

7il-l 

7i-8 

•862 

89 

August . 

7rt 9 

7i»-2 

7.5 .J 

•875 

90 

pn-mher 

79 1 

77 1 

76-1 

1 -997 

94 

Oi'tohi r . 

82 3 

8U 

79 .1 

1 1 000 

91 

Nnieiulnr 

81 0 

.M2 8 

82 1 

1 1 i"i; 

9(; 

l)eci-iuln r. 

81-5 ^ 

82 t 

81-7 

; 1082 

91 ; 

Vc.ir 1900 

82 5 ' 

79-9 

79 0 

•991 

91 , 

„ 1899 

82 2 

79.1 

78-4 

, -970 

88 

„ IS9H 

82-0 

78-2 

71.-H 

•9*J2 

81 , 

„ 18“7 

81-6 

7.S-7 

77-6 

•9.51 

8S 1 

„ Is'.Xi 

82 0 , 

77 1 

7.5-7 

! -88!; 

' 81 1 

Miflu. 18'’ii - 
P'OO 

82-1 

78 7 ' 

77 5 

•911 

!j 


Shimoni.— '" . ■ ' for instrumental eirnr 

(see Iteportfc ' ■ . j diuffs are tluM* of the 

thermometer attached tf> a haroiucter. 

The hamnieter rcadiiif^s have been redueeil to 32® F. and lAit. 45®, 
but not to sea-lcTcl. 


. /.mnn. 'I'hc laiiil.ill lor IHIIH in paitlv 
' ('‘tinuited. No iiuiif.ill oh-ervatloii-i lu\e 
la*''!) miule ‘iiice Si'iilcinhcr ol that jear. 
j The rainfall w.is 41 29 in. In IHUII , .12 2S , 
' in. in 1897 , 12':}9 in. in Imuh; almiit 1 1 in. 

; in 1H9H, and the imnii (ISlMl-limh) 2« in. ; 
i The heaviest f.ill (H 2f) in.; oeeurre«l in ! 
' April 1897. _ ; 



ON THE climatology OF AFRICA. 


Tdhaungu. Lat. 3° 41' A'., 
Long. 39° 62' E. Oh 
servm: C, F. Braganza 
and G, H, L, Murray. 


Kisimayu. Lat. 0°22' S.fLong.i^^ 33' J?. 
Observers : B. G. Farrant^ Wallace 
Blake, amd R. W. Humphrey. 


Nairobi. Latl°2%B6^BP 
E.f 6,460 ft Observer$ i 
W. D. Spiers,^. Gilk^ 
son, Louis 8... [illegible]. 




Month 

Amount 

fl 

Heaviest 
fall in 

24 hours 

1900 

In, 

No. 

In. 

January . . 

0*71 

2 

0*47 

February 

1*83 

5 

0*43 

March . 

6*23 

4 

4*16 

April . 

3*65 

7 

2*46 

May 

26*15 

22 

5*43 

Juno 4 

2*05 

9 

0*68 

July . . 

3*79 

22 

0*48 

August . 

1*12 

13 

0*27 

September . 

2*30 

14 

0*60 

October . 

6*40 

13 

2*72 

November . 

3*72 

10 

0*79 

December 

1-11 

6 

0*40 

1900 

58*09 

124 

; 6-43 

1899 

33*15 

116 

1 2*08 

1898 

24*00 ; 

71 

I 1*75 

1897 

64*40 

104 

! 5-13 

1896 

47*80 1 

79 

i 3-27 

1895 

36-71 

68 

j 3*30 

j Mean, 1896-1900 

43-49 

1 

j 99 

' 3-51 

i 


I ^ VZo 

^ 

In. No. I In. 


1900 In. ® In. No. in. 
January . 29'920 83*3 

February . '876 83'6 _ _ 

March . ‘992 84'9 0'48 1 0*48 

April . 30-338 86'6 *03 1 *03 

May . -135 84*1 3*67 6 r«3 

June . 29*957 80'1 3'17 8 1*50 

July . *914 79*0 1*81 8 0'61 

August . *959 79*4 O'lO 2 0*08 

September *997 80*0 *04 1 *04 

October . *936 80*1 ‘00 0 - 

November, *810 82*7 1*75 4 1*10 

December. *808 0 

Yew 190r YiF972^ "82^ 12'87 | il 1*83" 

, 1S99 *925 81*1 12-40 I 37 4-12 

I, 1898 29*885 80*8 10*91 j 30 3-44 

Tlie reiulings have bwn corrected for instru- 
mental error. , 

The barometrical readings have been rpaucerl 
to standard temperature of 32*' and standard 
gravity in lat. 45°, but not to sea-level. 


1899 
October . 
November 
December 

1900 
August . 
September 
October . 
November 
December 


hm 

In. ; No. Jill. 
4*82’ 5 

2 * 80 ' 10 M 

2*34, 4 I’W; 

o*ooj 0 ; 

0-17 1 1 0 * 17 * 

0*47 8 * 10 ' 

6*48 • 18 *79 

5*26 13 1 * 79 . 


Xitui. Lat. 1° 60' 8., Lony. U°E. Ob- 
server : S. L. Hinde. 

I Temperature : Rain 


Malindi. Ut. 3» 13' S., iMg. 40“ 7' E. 
Observer : James Weaver. 


. Me.an I Mean ' 
, Mux. Min. ' 


1900 
January . 
February 
March . 
April . 
May. 

June 

July 

August . 
September 
October . 
November 
December 


Mean Temp. * 
9 A.M. 

Humidity, 9 

A.M. 

Rain 

Dry 

i 

Wet ' 

1 

Dew 

Point 

Tapour 

Pressure 

Kelative 

Humi- 

dity 

§ 

a' 

< 

0) 

» 

Heaviest 

Fall 

0 

O 

O 

III. 

P.C. 

In. 

No. 

In. 

84*4 

78-3 

76*1 

•899 

82 

0*87 

6 

0*35 

85-2 

80-6 

79*1 

*992 

86 

'33 

2 

•18 

85-5 

8()-3 

78*6 

*976 

84 

*66 

4 

‘30 

84-7 

80*3 

7H-8 

■987 

86 

1*96 

C 

*51 

82-4 

79*2 

78*1 

•960 

90 

17*08 

14 

6*26 

79-7 

76*6 

75*4 

*876 

90 

1*84 

4 

0*73 

78*4 

74*4 

72*8 

•805 

87 

2*77 

6 

*66 

79-3 

74*7 

72-9 

•808 

86 

1*72 

5 

•38 

79*7 

75*2 

73*9 

•834 

89 

1*48 

5 

•67 

80*9 

76*9 

74*0 

*838 

85 

2*80 

7 

*60 

80*3 

77*4 

76*3 

*906 

91 

3*68 

8 

1*32 

81*5 

77*7 

76*4 

•907 

88 

2*47 

7 

1*43 

81*8 

77*5 

76*0 

*898 

87 

37*06 

74 ' 

5*25 

81*4 

76-9 

73*8 i 

•833 

78 

3338 

102 

6*30 

81*7 

771 

75*4 1 

*882 

81 

14*44 

63 

1*65 

— 

— 

— 

— 

— ' 

'68*00* 

91 

4-85 

81*1 

78-0 

76*9 

929 

87 

68*60 

89 

4*36 

81*5 

77*1 

75-6 

•885 

83 

39*29 

82 

4*28 


1900 

0 

0 

0 

0 

In. 

No. 

July 

71*3 

57-1 

77 

52 

0-23 

5 

September 

76*7 

60*0 

80 

58 

0*18 

1 

j October . 

74-6 

62*3 

78 

60 

13-81 

7 

1 November. 

80*5 

62*0 

— 

60 

12-68 

12 

1 December. 

75*6 

63*3 

i™ 

61 

14-65 

u 


Fort 8mitli, Kikuyu. Lat. 1° 14' TV., 
Long. 3G°44' E. Alt 6,400 feet Oh- i 
server .* Francis G. Hall. : 


Mean j 
Temp, j 
9 A.M. 


liiliS' I 


3 |i| 

MS 


‘ Partly estimated. 


WetDry I’S I | 

1 0(2 «« S 8 fl 

I < 

1899 ! ° I ® In. P-c. In. 

January , ,69*9 65*5 63*2 *678 92 0*29 

February . 61*0 68*0 66*4 *624 92 0*81 

March . 60*1 '66*5 63*8 *590 91 2*54 

April . '02-0 65*0 63*8 *590 96 5*11 

May . . 60*0 62*8 61*8 *651 97 4*79 

June. . 65*3 67*6 56*6 *457 96 *07 

July . . 54*0 58*6 66*2 ,*452 92 1*09 

August . 64*6 57-3 55*9 1*466 98 *67 

September 66*8 60*4 54*8 ,*429 32 *01 


^ During a thunder and hail storm at 8.20 P.il. cm ‘ 
May 18 the thermometer dropped 18 degrees inbiUf 
anW^r. 
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REPOKT— 1901 


UuMo't, Lot. l^Sl' S., Ijnj. 3T'> 18' A’., 6,400/«t. 0\mner; 11’. ifaelettan iriiw». 
■I. I Tempemtoro | Humidity » A.5I. i Bmn | 


Alenn ^Tean 
Max. Mia. 


Se^mbcr *80 
October . *75 

Kovember *71 


Year 1900 24-775 


Extremes ! 

Afox. 

Min. 1 

0 

0 i 

792 

64 7 ! 

78 7 

52-5 

785 

.54 6 

78*3 

56 1 

7.58 

480 

7.1*6 

43 5 

7*26 

47 9 

76 8 

42-9 ; 

783 

480 : 

82 7 

.530 ' 

76'8 

5.1-2 

74'C 

56-1 

82*7 



_ I , 4) 3 I 

'Icilourt.ii' 


ss s o S ^ 

o I InV 

58*7 ■ •45»5 
68-3 i -187 


67-9 *481 I 

5V2 -552 I 

53-G -412 

53-7 Ml-l 
5.1*8 ; -JIS 
55*2 . *1.17 
58*8 *l‘»rt 
59*U , *501 


l|3| 

P JS.M 

U\ 

.i In 1 

i ' ' 


i 16 1 1*7 1 5X1 

i 21 '2*11 i 7*5 

111 1*113 (1-8 
1 13 I 61) «-9 
I 2 irtlGl 7*8 
, 7 8 1 

I (i 11112 7 8 
; U - 7.1 

I 8 15.! 1!) 

1 21 lot 6*5 
> 28 U95 6 6 


5G‘!) 47> 775 58.12 Ifil 2M1 0 5 , 1 .! 


gp.Sft’get g,c8 

zUi.n-^K 

HMUtB 

fi'lsgsj: 

4 .S 3 g rt -'-J . ^ 

' ” 3S - « u u if* 

■:=si.;?sg52 

•■:i = 5£rS>3g 


Machii continued. 

Fro(liiciii‘>, [)it<H*tioii ami Foico Wiml>«, at !i \ \i. 

N. N \ li N.E. K.X.K. E. ^ r, S.I.. ; >.!•: j }< S t. ' S. ‘ S <.\\\ W W . 

Si/.l d'lidls dSid'l't'l': j i'i'i-'E =i c i' 

S'* ■£ g X s/. i i 


1900 

January . 
February . 
March . 
April . 
May . 

June . 

July . , 

August . 
September 
October . 
November 
December 


1 1 1 8' 4' 8 612' 1' 

1, l| 41 8 i: 1 6; 7 

1 1, 5* H — ' — ;!i 6 2 

i - 2; 2 1 

i- -I 4 7 2 

; -1 5 'j, 4 

—I —I _ 6 12 8 

,11 I! 4 6 10 4 . 

2 K 2 G :i- 61 1' r. 2 

H 11)' 2, 4 2 ! 3 ! 3' 6 1 ' 


16 9 4 
- I 0 :: 

2 7 M .5 
6 8 12 5 

2 9 10 1 
6 3 .'■> - 

11 1 8 1 
S 7 U . 
12 1 10 I 
118 1 

3 5 11 1 

2 2 3 1 


I 616' 13 30 1830 111 2l|i80l 40, 5901 lOb 24 IS 9 16 


s i>? 


Kikuyu, about hit. 1° 14' *S'., neat Mnujo {/fvffiimia), Lat. D'^ 21)' .V, Ltmf .‘{2 ' :>(>' 4,000/«'^ 

hmy* 36° 42' A'., 6,400 ft. OhemT; .1. J/ JA/r/v///, CInnrIt Mi^xtof^rn Snndj/. 

Moan I 1 

Tciii- I Rain Montli R.'iiiifiill Amount 111 Im In'. | ]l!iiiit,il>. .Max, Mill 

peratiirc | | ’^'™'* 

Month j „ j 1S7')|1SS1 1882 I8S.5 ISSlj 188'»|lhSh'lS79 18.M lSh2 18831881 1885 1886 F. 1\ , 

i i § 1' s'? • *'''^'<* *'*’•' '*'’’* •’*''^ llOj'JO.". II ' .'I fi 0 I 5 3 4 H7'2 58^6 

s S ' S 1 p gpx Ftb. . 3 65 1*81 1% J|,» 3.10 .5 01 5 H.1, 12 I l> 12 .5, 6 f) HG'O 59 0, 

,<\ 5 ; Mar . 5*27 0.'|8 *2*11 2".! 3 02l ft-o-j ."..Vi. 11 ' 15 9 0 6 It 7 SiM 59*9 

' I I April ,Vfi7 //fif) .S'// 7f/; 4 30 fi7.}:)t.W' n , IJ 9 Oil 5 9 81*1 G»)-l 

igOO ll„ Vo T,, I M.iy S(K) 4 20 .IM7 4. 12 2 15 5 1718 0!) 1.5 11 9 !l 3 ' 0 8 79-:i 60 7 

January ~ - 5*2.5 s' l-sl Ju'*®' 2*ft3 2.58 1*88 *2 92 3*9*2 ; .5 lO 2*.51 3 8 6 ■ 6 9 , 6 7 78 2 59*1 

Febraarv — 9 21 H 2 80' 'loly ' O’.IS 2 63 2*88, 5*';9 3. >8 j 5 21 - I 5 8 1 lO 5 i 5 - 79 6 5.5*.5 

March — -6*66 14 . Ml 3*50 3*10, 17.5. 1 lo .116 9 8 4 9 fi| 5 — 82*1 67*1 

Auril — 6*18 ‘*1 0*74 ' SPpt. . fi'Jil 304 t07i 2 78, 1*30 3'()7 13 8 8 ; 10 III j 3 86*7 57*8 

_ 7*86 21 9.21 Oct. . .3*18 3*61 7*6f) 227. r.'/ .5 1*2 - 11 11 12' 8 9! 5 - 88*6 618 

June ‘ - - 2*22 4 1*35 Nov.. 331 i'OK 28i: 3*93 1*31 4 28 - 11 12 9 12 II I 11 - 81*4 680 

October ! 78*4 61*9 6*01 16 2*00 ! 104| 0*80 1 0 29 2*01 0 6 5 | 6 2i 7 - 81*2 68*7 1 

November 77*4 01*0 6 67 20 1*46 ■ — ■* * — — ' — , — , 1 

December 76*7 69*4 168 22 1*43 Year. 15*67|5m 1191 41*22^10*66 52'.59 - 114 [109 07 , 1)2 7.5 | 76 I - 8»8 5»o| 

^ — I above arc taken from tlie imini.nlxoi tlie late A. jM. Maekav, bioiiKlit ti> Kiigtand by | 

Tlie observations up tu June Dr. Junker. The tcinpciatim’Mire the means of oliscrrations miule between Jniuiary 1881 J 
were made at the Station of the ami June 1886, They Imvp bix'ii rumeted for suppuscl imlex (riuia, but the mean maxima , 

East Afrteau Scotthh Mission , appear to be still vers* niiieh tmi high. In Ni>veml«T 188.5 the ilicrimnueter wasrcmovoltn 

(by fiev. T. Watson); the rc> Itheiiorthsulcoftheliouse,{iii<lt}ienimiiui«xinniiiiat<iiieefelltrouii)l’2'’in()etol)orto83‘4‘* 
mainderat Fort Bmltli, 2} milea ,in November 1885. The mean for the months Novemhertn June, Ix'fore the removal, was 
distant from it, by the late Fran- ! 84 6°, after the removal only 83 0*’. According to ohH‘rvutloii.s miule by Ucv. E. Millar ill 
cis 0. Hall. ' 1893, the mean oi all maxima was 81’8^, that of all iidnnna 52*1*’ (moc Third Report). 


January . — — .5*2.5 8 1*51 
Fcbmary — — 921 14 280 
March . — - 6*66 14 1'46 

April . - - 5*18 21 0'74 

Bfey . — - 7*86 21 2*23 

June . — — 2*22 4 1*35 

October . 78*4 61*9 6*01 16 2*00 

November 77*4 01*0 6 67 20 1*45 
December 75*7 59*4 1 68 22 1*43 
!__ 

Tlie observations up to June 
were made at the Station of the 
East African Bcotti^ih Mission 
(by Eev. T. Watson) ; tlie re- 
mainder at Fort 6mlth,2i miles 
distant from it, by the late Fran- 
cis 0. Hail. 


ox THE CLIMATOLOGY OF AFRICA. 


Victoria Nyanza Lalt£ Levelt and Rainfall, in Decades. 

Ohserurs : F. Pordagc, F, A, Knowles, H. Galt, S. Spire, W. 11, Walker, 
and others. 




Ntebe, 

1899 

Fort 

Thruston, 

1899 

Ntcb( 

(P, Alice), 1900 

Fort 

Thruston 

Kisumu, 
on Kavi* 
rondo or 

Decades 





Balnfa 


(Luhwas) 

Ngow^e 



Lake 

Lake 

Lake 


11 

Level, 

Bay. Lake 
Level, 



Level 

Level 

Level 

— 

— 


1900 

1900 






Amt. 

Days 

Heaviest 

Fall 




In. 

In. 

In. 

In. 


No. 

In. 

ir 

January, 

T. 

4-3*00 

-0*76 

-6*68 

1*1 1 

4 

0*75 

— 

- 5*30 

»» 

H. 

2*62 

-1*03 

-6*38 

1*12 

1 

0*62 

— 

- 5*85 


HI. 

2*67 

-1*31 

-6*12 

0*00 



— 

- 6*45 

Kebniary, 

1. 

3*67 

-2*81 

-5*88 

1*37 

6 

0*63 

- 

- 7*80 

M 

H. 

3*17 

-2*06 

-5*38 

2*63 

3 

2*.50 


- 8*20 


HI. 

2*66 

-1*85 

-5*03 

0 23 

3 

0*07 


- 4*67 

Mai*di, 

T. 

3*04 

-2*36 

-5.33 

0*02 

1 

0*02 


- 7*.S0 

„ 

H. 

. 2*72 

1 -2*9S 

-5*03 

2*77 

5 

1*16 


- 8 20 

„ 

HI. 

2*47 

1 -3*55 

-4*63 

3*31 

8 

1*39 



- 4*67 

April, 

I. 

172 

1 -3*73 ! 

-5*53 

1*81 

f) 

0*8.5 


- 5*10 


H. 

1*82 

-3*68 

-5*53 

6*87 

8 

1*96 



- 5*.50 


HI. 

3-97 

> -2*18 

-5 53 

4*86 

7 

1*.50 

— 

1 - 3*90 

3Iay, 

I. 

3*61 

1 -2*48 

- 1*28 

1*01 

3 

0*93 

— 

1 + 0 75 

n 

H. 

4*51 

1 4 0*32 

-5*03 

, 0*47 

1 

0*27 


1 - 2*35 


HI. 

4*22 

! +3*22 

1 -4*.58 

' 1*22 

6 

0*62 


I - 2*94 

June, 

I, 

4*89 

1 +2*17 

-4*28 

4*1.9 

1 

2 82 

-1918 

1 - 2*50 

„ 

H. 

4*42 

1 -0*28 

-3*63 

1*69 

6 

0*80 

-18 98 

j - 150 

„ 

HI. 

' 4*65 

-i*n 

-3*13 

003 

2 

IH»2 

-18*53 

( - 3 75 

July, 

1. 

4*97 

' -3*(iS 

-.3*03 

0*(M» 

— 

-- 

, -18*83 

: - ,5*, 50 


11. 

4*95 

' -2*73 

-2*53 

0 15 

3 

(HH 

-18 88 

' - 6*90 

„ 

III. 

' 3lil 

-2*93 

-2*15 

0*28 

1 

0*28 

-18*80 

- 7*76 

August, 

1. 

2*17 

-8**i3 

-2*78 

, 1*00 

4 

0’.>5 

I -18 78 

, - 6*97 

,, ' 

II. 

, -PO*32 

-12*18 

-3 23 

, 1*25 

1 

1*25 

' -18-73 

! - 7*90 

„ 

HI. 

1 -2 30 

1 -13*19 

-4*12 

1 0 65 

1 

0*6.5 

■ -19*08 

: -12*57 

September 

•, I. 

-3*.55 

, -16*38 

-5*83 

0 22 

1 

0*22 

1 -‘JO*-!;! 

1 -10*10 

,, 

H. 

1 -4*68 

1 -17*08 

-7*5.3 

310 

j 1 

1*25 

1 -21*13 

: -10*65 

„ 

HI. 

I -6*58 

-18 98 

-10 23 

0*11 

' 4 

0*04 

-2143 

, - 6*30 

October, 

I. 

-6*33 

-19*93 

-13 33 

0-15 

' 4 

0*05 

I -25*28 

; -15*05 


Ntebe. 

Rain, 1900 

Amount 

n 

P 

Heaviest 

FaU 

In. 

No. 

In. 

2*26 

8 

0*72 

4*23 

12 

2*50 

6*10 

14 

1*89 

13*54 

20 

1*96 

2*70 

13 

0*93 

5*81 

12 

2*83 

0*43 

4 

0*28 

2*90 

6 

1*26 

8*43 

9 

1*51 

1*53 

11 

0*78 

6*99 

16 

1*36 

12*61 

13 

2*10 

61*43 

138 

2*82 


April, I. 1 72 I — :{*73 —S'S.! 1*81 6 0*8.) - — 5*10 There can be no doubt 1 

» n. 1*82 — ;5'08 — 5*5:i 6*87 8 l*% — — 5*r)0 that the lake level is pri- 

M 111. 3*07 j —2*18 —.^53 4*86 7 1*50 — I — 3*90 warily influenced by tho 

ilay, I. 3*fil —2*48 —1*28 1*01 3 0*93 — i 4- 0 75 rainfall. At Ktcbe the 

)) 11» 4*51 4(1*32 I —5*03 0*47 I 0*27 — j — 2*35 level rose in the course 

» HI. 4*22 I 4-3*22 ' -4*.58 ' 1*22 6 0*02 — j - 2*94 yt 1898 (which was a 

Jniic, I., ‘I’HO I 4-2*17 ! -4*28 4*1.9 4 2 82 -19 18 1 - 2*50 year cf abundant rains), 

M 11. 4*42 I -0*28 I -3*03 1*69 6 0*.80 -18 98] -150 but m the course of 1899 

.. III. ' 4*6-5 — M'l I —3*13 003 2 0*02 —18*53 i — 3 75 it fell slightly below the 

July, 1. 4*97 ; -:;*(is | -.3*03 o*(m» - - , -18*83: - r,*5o iml of 1896, and in 1900 

„ 11. 4*9.5 -2*73 } -2*5.3 015 3 o*(H -18 88- - 6*90 it fell a further 7*G2 

M HI. ' 3iil -2*93 -2*15 0*28 1 0**2.s -18*80 - 7*76 inches. As that year 

August, 1. 15-17 -8**23 -2*78 ,1-00 4 o*.55 | -18 78, - 6*97 (1900) was one of fairly 

M ' II., -l-0*32 -12*18 -323 ,1*25 1 1*25 ' -18*73 - 7*90 Abundant rains along the 

; „ 111. I —2 30 j —13*19 -4*12 '065 1 0*6.5 —19*08 , —12*57 Bugandashore (61 inches 

' Sopterahor, I. -3*.55 , -li;*3H -5*83 0 22 1 0*22 , -*20*43 1 -10*10 fell at Ntebe) we are 

I M 11. I -4*68 — 1(*(18 -7*53 3 10 j 4 1*25 —*21*13 -10*65 bouDci to assume that it 

I „ HI. -6*58 -18 98 -10 23 0*11 4 0*04 —2143 , - 6*30 is not local rains which 

; October, I. -6*33 -19*93 -1333 0*15 4 0*05 1 -25*28 ; -15*05 appreciably affect the 

; „ 1 . -7*13 -21*78 -1.593 035 3 0*27 -26*78, -16*20 ieVcl of the lake, but the 

M HI. -7*/6 -•2*2*I:J -17*21 , l*o3 , 4 0*.8 I -29*21 -16 75 proeipitation throughout 

Ao\(}njhor, I. — 8*.lo —18 08 1 1*53 15 1 lo — Sirls 1 —17*60 i^g vast drainage area* 

I ^1. -8*88 -18*7.5 ,1*29 j 3 0*76 -30*13 : -16*15 Thus an abundant rain- 

1 „ III. -9*73 - ' - 19'.53 3*17 [ 8 1 36 —30*63 - 16*90 1 f.,]i aioug the Buganda 

JHvcmbd*, I. —9*53 - | —18*98 4*24 4 , 1*61 —*28 13 . —1.5*97 j ^,1 u ire would be neutral- 

I )) H. -8*93 — I -IS'OH I 4*38 5 ' 2*10 -•27*68 i -11*60 : i^cd bv a deficiency in 

I „ HI. -6*48 j -16*53 3*89 4 j 1*67 . -23*03 . -11*18 the rainfall in the south. 

' _ ' J _ ' ' l?inco the hfguining of 

' - . - picsent \r.\f (1901) 

the lake hn.s rif^n rapidly, and b\ June 1 its Io\el stwul 24 inches above the mean level of 1896. The relations between 
locnl rainfall and lake level arc illustrated by the following tacts 

At Ntebe, between Maicli 20-21, 19(M), 3*7 inches ot rain fell, and in the course of Afiril 13*51 indies, yet the level of the 
lake remained unalTecteil, the heavy local rains Imng balanced by the outflow and the loss hy cvaiwration, or deficiency 
of rain elscwlicic. Yet in the eoujsi. of May the lake ro^c "lowiy, but steadily, although very little rain was register^ 
locally. Again, betw ecu neci-mber 3-5 4*2 1 inches of rain fell, w bile the lake only rose half an inch. More remarkable still, 
on September 12 1*26 inches ot ram t»-ll,y et the lake level actually fell halt an inch The otluT stations afford similar instances. 

The irmU eveicise a decided inllucncc upon the level ot the lake. There aie regular land and lake breezes, and 
Mr. Macallister remarks that a strong S.W. breeru will cause a rise in the le>cl of the lake to an extent of from 
1 to 3 Inches. At Fort Thruston, on November 13, a severe storm onu-ed the lake to ri.se 3 inches. The influence of the 
w'lnd could be eliminated by making at least three observations daily, and wliieh would be preferable, by establishing a 
self-registering gunge. Further fluctuations of the lake may be prodliced by diffeiences of barometric pressure. 

The difference between tlie liiglie.st and low*cst level at Ntclx' amounted to 19*0 indies in 1896,16*5 inches in 1899, and 
1 7*50 inches in 1 900. The extreme rangi*, as far as our observations extend, has lieeii 43*5 indies ; but if the level, in 1881, 
exceeded that of 1898 to the extent ot 8 feet, as lisscrtcd by the French missioimries in Btiganda, its amount cannot be less 
than 10 feet. 

All observations made at Ntcbe and Fort Thruston (Lubwa’a) are referred to tlie mean lake level at those stations in 
1896, On October 1 898 Mr. C. W. Fow ler, Snperinteiulent of Marine.claims to have adjusted all gauges to Port V ictoria (where 
observations ceased to be made at tlie end of July 1899), I fail to see how* this can have been done unless the three stations 
wore joined by a line of spirit levelling. On comparing the observations made l)etwcen October 1898 and February 1899, 
as recorded, I find that, assuming the level at Port Victoria to be -0*00, the level at Ntebe exceeded that datum level to 
the extent of 1*98 inches, whilst that at Port Thruston fell short of it to the extent of 1*89 inches. Such differences in the 
level may exist, though I fail to see how they can have been ascertnineil. From all observations recorded since October 1898, 
86*6# inches have been deducted in order to reduce them approximately to the mean lake level of 1896. In the case of Kisumu, 
however, only 30*8 Indies have been deducted. 
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BEPOBT — 1901 


Viotona Nyanza Lake Levels and Rainfall^ in Decades— coni. 


T". - - - , the physical geography of the Victoria Nyanza, it 

vro . ' >. ■ ' ■ iraiuage basin, and to estabiisli at least four gauges for 

measuring the level of the lake, and to connect these gauges by lines of spirit level ; a consummation most devoutly 
to be wished, though not likely to be realised for a considerable time to come. The observations should, as a uiutier 
of course, embrace all atmospWio phenomena, and more especially atmospheric pressure. 


Victoria Nyanza. — Lake Levels and Rainfall, Monthly Means. 


Month 

Ntebe (P. Alice) 

Fort Thrnston (I 

ubwa's) 

?mes 

Pert 

Kihi 

(Se 

Victoria 
mu, on K 
ptember 

Extri 

Highe>t 

(January to July 1899), 
avirondi) or Ngowe Ihiy 

899 to December 1900) 

Mean 

Level 

Extremes 

Mean 

Level 

Extr 

Mean i 
Level 

incs 1 


Bain 

1 

Elghest 

Lowest 

: 

Highest Lowest 

Low’est 

1 

Amt. 

1 

1 

Days , 

___j 

- 1 

lligli- 

chf ! 

Full 

1899 

In. 

In. 

In. 

In. 

III. 

In. 

In, 

In. i 

In. i 

In. 

No. 

t 

In. ' 

January 

+ 2*76 

+ 

3*97 

+ 2*47 

- 1*04 

+ 0*97 

- 1*53 

+ 0*73 

+ 2*47 

- 1*03 

— 

3 

— . 1 

February . 

+ 3*20 

+ 

6*47 

+ 1*47 

- 2*t2 

- 0*63 

- 3*63 

- 0 63 

+ 0*97 

- 2*53 ' 

- 

9 

- 1 

March . 

+ 2*64 

+ 

3*97 

+ 0*72 

- 2*95 

- 1*53 

- 4*03 

- 1*79 

+ 0*97 ■ 

- 3*53 i 

1*03 

8 

0 29 

April . 

+ 2*60 

+ 

6*47 

+ U'97 

- 3*30 

+ 0*47 

- 4*03 

+ 1*56 

+ 1*47 1 

- 5*03 ' 

3*38 

18 

0 98 ' 

May . 

+ 4*14 

+ 

6*47 

+ 2*97 

+ 0*10 

+ 4*72 

- 3*03 

+ 2*21 

+ 6*17 ! 

- 2*53 1 

4*85 

19 

1*02 i 

Jane . 

+ m 

+ 

6*97 

+ 3*47 

+ 0’78 

+ 3* 47 

- 2*53 

+ 2-30 

+ 5*17 1 

- 0*53 ! 

2*55 

10 

OKS 1 

July . . 

+ 3*83 

+ 

6*97 

+ 1'47 

- 2*92 

- 1*53 

- 5*53 

- 3 96 

4- 0*47 ; 

- 8*53 1 

0*10 

4 

0*1 i 

August 

- 0*02 

+ 

2*97 

- 3*03 

-11*16 

- 3*03 

-11*53 

— 

— i 

— 1 


-- 


September . 

- 4*94 

— 

3*03 

- 8*03 

-16*48 

-15*63 

-19*53 

- 312 

+ 3 20 

- 7 *.30 1 

2*68 

13 

0*75 ' 

October 

- 7*09 

_ 

6*03 

- 8*03« 

-21-42 

-19*53 

-23 63 

- 7-20 

- 4-30 1 

—10*30 ! 

2*91 

12 

1*50 , 

November . 

- 8’9S 

— 

8*03 

-10*03 

— 


— 

- 8*43 

- 4*30 

-11*30 ■ 

4*64 

11 

1*13 

December . 

- 8*61 

*~ 

7*03 

- 0*63 

— 



— 6*17 

+ 2*20 

-11*80 

1 

6*04 

14 

1*83 ' 

Year . . 

- 0*61 

+ 

6*47 

-10*03 

- 

- 

- 

_ 

, 1 

- 


i 

1900 














January 

- 6*38 

— 

6*03 

- 7-03 

-21*5 

— 


- 6*85 

- 1*30 

- 8*30 

5*18 

17 

1*81 1 

February . 

- 6*46 

— 

5*03 

- 6*03 

-21*6 

— 

— 

i - 5*94 

- 2*30 

-10*30 

6*16 

14 

2*51 1 

March . 

- 4*95 

— 

4*53 

— 3*53 

-21*5 

— 

— 

i - 7*14 

+ 1*70 

-12*30 

4-64 

11 

J*30 1 

April . . 

- 6*63 

— 

5*53 

- 6*53 

— 20*5 

— 

— 

1 - 4 83 

- 1*80 

- 7*30 

5 04 

14 

1*83 i 

May . 

- 4*96 


4*88 

- 6*53 

—19*6 

— 

— 

1 - 1*62 

+ 2*70 

- .'I'SO 

1*88 

10 

1*05 1 

June . 

- 8*78 


3*03 

- 4*63 

-18*90 

-18*03 

-20*53 

; - 2*68 

+ 0 70 

- 6*30 

2*86 

11 

0*91 ' 

July . 

- 2*66 

— 

2*03 

- 3*03 

- U’S4 

-18*53 

-19*03 

- 6*75 

; - 3 30 

-12*30 

1*56 

10 

1*06 j 

August 

- 2’37 

_ 

2*63 

- 4*63 

-18*87 

-18*58 

-10*03 

- 8*91 

. - 6*30 

-12*,30 

2*70 

10 

0*S6 1 

September . 

- 7 86 

— 

6 03 

-11*63 

-21*66 

-19*53 

i-2463 

- 8 98 

; - 4*30 

-12*30 

3*06 

12 

1*01 1 

October 

-16*63 

— 

12*53 

-17*63 

-26*16 

-24*63 

-30*03 

-16*03 

-10*30 

-19*30 

2 89 

5 

2*35 1 

November . 

-18’ 75 

— 

17-63 

-19*53 

-30-31 

-29*30 

1 -32*03 

'• —16*98 

j -12 .30 

-•24*30 

6-27 

10 

V96 ' 

December . 

-17*82 

— 

16*53 

-19*63 

-26*27 

-21*53 

1 -30*63 

' -12*78 

1 

- 6*80 

-18*30 

6*23 

10 

1*35 , 

Year , 

- 8*13 


2*03 

-19*63 

- 

-1803 

j -32*03 

! - 8*20 

i 

j + 2*70 

-2t*30 

49*36 

134 

2*51 : 

1899. — At ytele the lake attained its highest level on June 8. It stood lowest from November 26-28. TIio ' 

difference between the highest an<i lowest levels amounted to 16 inches. | 

1900. — At Ntehe the lake reixchcd its highest level on July 21 and maintained it up to July 28. It stood at its | 
lowest from November 21 to December 2. The difference between the highest and lowest levels ainoinitod to i 
17*5 inches. During the whole of April the lake steadily maintained its level of 5*53 inches below the level 
of 1896. 

At Fort Thruston the lake level was lowest on November 12. uiid 1 ighc't on June 22, the difference amounting 
to 14 inches, ki Kisutnu it was lowest on November 3, higiu'i t-n .May lo, the range having been 27 inches, tin 
amount accounted for by the position of the gauge in shallow water at the bottom of a bay and high winds. 

1901. — At Ntehe the lake on June 1 stood 23*43 inches above the level of 1896 ; at Kisumn on May 7 it stood only 
16*16 inches above that level, as assumed by us ; and on June 28 14*0 inches. 

The bench mark cut on the Camp Tree at the head of Port Florence in 1898 by Commander B. Whitchoiise, It.X., 
is 19 feet 11 inches above the zero on the Lake Gauge. 
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The Survey of British Protectoiuifes. — Iteport of the Committee^ 
sisting of Sir T. H. HoLDicn (Chairman), Col. (1. E. Church, 
Mr. E. G. Ravenstein, a7ul Mr. H. N. Dicksox (Secretary), 

appointed to draw np a Scheme for the Survey of British 

Protectorates. 

Your Committee are of opinion that a representation shouM be submitted 
to His Majesty's Government in support of an organised scheme for sur- 
veying British Protectorates in Africa, and that it would be advantageous 
to secure the co-operation of the Royal Geographical Society, and of otlier 
bodies unconnected with Government who may be specially interested in 
the matter, in bringing forward their proposals. At pros(‘ut, vai*ious sur- 
veys have been commenced in different parts of Africa under local 
administrations, which are unconnected with each other and have appa- 
rently no common basis of technical system or scale, from which it will bo 
difficult eventually to compile a satisfactory and homogeneous first map 
of our African possessions. A large amount of geographical work, 
carried on more or less under the auspices of the Royal Googi*aphical 
Society, is gradually accumulating, all of which might be usefully turned 
to account in a general survey scheme, if uniformity of method and scale 
were adopted. A comprehensive scheini* of g(‘ographieal survey (apart 
from special surveys for local requirements), to be carried out jointly with 
other nationalities in the continent of Afiica, will undoubtedly prove a 
necessity in the near future for purposes of boundary dcunarcation and 
administration ; but such a scheme must emanate from those responsible 
advisers of Government who are best ac(iuainted with the oi)portunities 
for combined action and the means for carrying it out. 

But, pending the adoption of such a scheme, and with due apprecia- 
tion of the value of the disjointed efforts which are now I eing made to 
secure i)artial surveys for administrative ])urposes in vai iou^ i)aits of the 
country, your Committee are of opinion that the following oonshlerations, 
none of which involve immediate financial outlay, should be especially 
brought to the notice of His Majesty's Government ; inasmuch as 
imm^iate attention to them wouhl undoubtedly tend to hasten the 
Attainment of the end primarily in vi(»w — viz., the construction of a 
homogeneous and consistent geographical map of that part of Africa 
which affects Imperial interests. 

(1) The advantage of a common scale should be impre.ssed on local 
administrations who have already commenced surveys within the pro- 
tectorates under their administration, and every effort shoidd be made in 
the first instance to secure a general ma]) on the smallest geographical 
scale which can be mad(; practically useful for purposes of either adminis- 
tration or strategy. This scale should not be less than one in 
five hundred thousand. 

(2) Inasmuch as all future surveys, on whatsoever scale, must ulti- 
mately depend on the accuracy of the initial base measurements if they 
are to fit together into one homogeneous map, it is most desii*ahle to draw 
the attention of local administrators to this point ; and, wherever local 
surveys have already been commenced, to test the accuracy of their linear 
measurements by the adoption of a geodetic base. Such a base need not 
be measured by the cumbersome processes which have made the measure- 
ment of geodetic bases so laborious and expensive in the past. New 
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methods and improved means have lately been introduced which greatly 
simplify the work, but there is no method which does not require scientific 
flirection. It would therefore be advisable that the same instruments^ 
under the same personal supervision, should be used in every case. Unity 
of scale and of linear measurement is absolutely essential to final com- 
pilation in such vast areas as Africa presents, and much good work now 
in progress may be rendered valueless for general map-making purposes 
if such unity is not secured ah initio, 

(.’1) It is the earnest desire of the lloyal (leog»*aphical Society that 
those travellers and explorers who use their instruments Jiiid accept their 
assistance financially should add to the practical outcome of mapping 
material in Africa. For this purpose the Society has established trainil.g 
classes in practical geography, and kec‘ps a record of the names of those 
who are qualified to work as geographical surveyors. Hut in order to 
utilise their work to the fullest extent it is essential that the geographical 
tlata determiiu'd by such professional surveyors as from time, to time are 
.sent to Africa under the direction of the Intelligence Department should 
Ixicome generally available ; and it is ther(‘fore most desirable that all 
such material (indi.sp“n.sable for the proper location of iicld surveys and 
for check on final positions) as may be collated at the Intelligcmce Offic(^ 
may be placed at tlie disposal of the Royal Geographical Society. 
Attiuition sliould vt'ry s[)ecially be drawn to the great amount of geo- 
graphical mapping (at presimt disconnected and wanting in to])ographical 
iletail) which is annually turned out hy iriH*sponsil>le travellers. The valuo 
of this might be largely inert'asod if it were ba.sed on exact data. 

(4) One of the most important factors in dealing with the vast are:., 
of our African j)o.s.ses.sions in the matter of geographical (or first) surveys 
is the absolute n(?e(‘.ssity of re.sorting to native agency for its topography, 
hjffectivo t(»pography can never be secured without the assistance of 
surveyors and draughtsmen .specially trained to this particular branch of 
map-making. European agency (except for purposes of supervision) is 
out of the question on account of the ex]>ense. Indian native agency is 
ecpially impossible for more than comparatively restricted areas. The 
\astmassof African mapping must be secured through the agency of 
natives of Africa, just as Asia has largely been mapped by Asiatics. 

Th(u*o is apparmitly lu) reason why natives of Africa, ti*ained in mission 
and other schools, should not bo as etlective in the field of survey as 
-Vfricans generally liave proved in the field of arms. 

It is suggested that in the earlier stages of the formation of such an 
agency .scientific .societies might be willing to take tlie initiative. It is 
to the interest of the Royal Geograpliical Society, for instance, to sccuro 
th(5 assistance ()f native topographers for explorers. What is immediately 
wanted is the initiation of a training school ; and it seems probable that, 
if one. or two promising pupils were selected from each protectorate for 
training, an invjiluable .school would in a few years b(^ establi.shed, which 
wouhl rapidly extend of itself. The Commissioners and Administrators 
of our African Protectorates might be requested to assist in tlie experi- 
ment by ascertaining whether volunteers from the native schools can be 
found for the purpose. Every assi.stance to such a scheme may bo 
confidently anticipated from tlie Indian Government, who have long had 
practical experience of the enormous advantages of native labour in the 
field of survc'yiiig. 
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'terrestrial (Surface Waves. — First Beport of the Committee^ consisting 
* of Dr. J. Scott Keltie {Chairman)^ Lieut.-Ool. Bailey, late It, E\^ 
Dr. Vaughan Cornish, JMr. A. Eoope Hunt, FJiS,, Mr. W. H. 
Wheeler, M.lnst.O.E., ami Mr. E. A. Floyek. (Draim vj, h,f 
Dr. Vaughan Cornish.) 

The following papers have been published by Dr. Vaughan Cornish since 
the Bradford Meeting, viz. — On the Formation of \Va\e Surfaces in 
Sand, ‘Scottish^" 'j: i| i Journal,* January 1901 ; On Sand- waves in 
Tidal Currents, ‘Geographical Journal,* August 1901. 

On December 1, 1900, Dr. Cornish left for Canada to study the surface 
forms of snow, returning to England March IG. During the voyage out, 
Liverpool to Boston, much heavy \veather was encountered, and ol)ser\'a- 
tions, with some measurements and photogiaphs, were obtained of d(jep- 
soa storm-waves. On the return voyage. New York to Southampton, 
some good observations were obtained of the conditions obtaining in a 
heavy swell. A paper on ocean waves, iMiibodying results obtained ]>y 
Dr. Cornish during several years, is in preparation. 

Canada was snow-covered during the whole of tlie (‘xpedition. Tin* 
country was traversed from ^Montreal to Vancouver and l)ack by the 
Canadian Pacific liailway. Special facilities were most kindly accorded 
by this railway company in the interest of pure scienc(^ Tlie princii)al 
places of observation were Montreal, Winnij)eg (Manitoba), and (dacier 
House (British Columbia), which afforded good opportunities for the study 
of the three principal kinds of snow surface which were (mcountered. 
The observations appear to divide themselves naturally nnden* tw^o heads : 
(1) snow- waves and ripples; (2) snow-drifts and snow-caps; and the 
results of the expedition are now being worked up uncUn* these heads. 

The most striking point with reference to the trains of moving waves 
of cold, dry, drifting snow is that the place most favourable to their 
formation is an extensive level surface free from inecpialities or obstruc- 
tions, such as a frozen lake. Here most readily occur those local sttr- 
charges of snow which originate the long trains of wav(*s. At first these 
travel freely, but their march and growth do not continue so Jong as i^ 
the case v/ith the homologous waves of sand, because the snow readily 
sets into a coherent, though friable, mass. The height of these waves was 
generally not more than six inches. They are flatter tlian the liomologous 
molian sand-waves, the wave-lengths being often forty or fifty times as 
great as the amplitude. 

Ripples, perfectly homologous with the jeolian £and-ripj)los, arc pro- 
duced in the granular snow-stuff formed by erosion of cons<»lidated snow. 
Their wave-lengths are similar to those of the sand-rip])les, but tludr 
amplitude is less. There are also regularly undulating surfaces carved by 
the wind in more coherent snow, particularly when it is well stratified. 
The ridges retreat before the wind, keeping their steeper slope on the 
weather side. The material has an internal arrangement not imposed bv 
the wave motion, and, so long as it is a part of the waved structure, is itself 
stationary. It is therefoi'e fitting that these surfaces, wliich are frequent 
and regular, should have a distinguishing name, and it is proposed to call 
them undulates. The ratio of height to length in the undulates is greater 
than in the normal waves and normal ripples. 
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The most interesting drifts were those on the prairies, wliere the cold 
is gr(»at and th(i snow is dry. The normal snow-drift round a house on 
the open prairie in Manitolia consists mainly of a snow-bank in the form 
of a U, the iiousc being situated in the bend, near the bottom of the letter, 
with a few yards nc^arly free from snow between it and the snow-bank. 

I between the two limbs of tlie U« which are much longer, reaching further 
to leeward, than tlie shape of the printing type permits to be liere indi- 
cated, the ground is kept almost clear of snow by tin? operation of the 
wind as modified by the presence of the building, and this clearance is 
.sometimes noticeable ])(*yond the distance to which the two arms of the 
drift extend as a noticeable snow-bank. Clo.se to the hou.se, centrally 
situated on the Ire side, is a relatively small accumulation of snow, whicii 
is, ho\ve\er, coii.spicuou.s from its form and position. B»-yoiul the limUs 
of the U-sh;ij>ed snow bank to right and left the depth of Ciie snow’ on 
the prairii* is not notably Jillectc*d by the noigbbourliood of the building. 
'Plu* height of the U-shajK'd snow-bank is commonly four to six feet w'hcn 
there are throe or four inehe.s of .snow on the open prairie. 

In the calm upper valleys of the Stdkirk Mountains, where the snow'- 
fall is very heavy, the llak(‘s itsually large, and the teiiij>erature during 
precipitation usually rear the melting point, the notable forms in wdiich 
tlie material accumulates arc not those of drift but deposition, not snoNv- 
banks but snow caps. On tree .stumps the.se frerpiently take the form of 
gigantic musliroom.s, nine to twelve feet wndc' and four to four and a half 
fc(*t thick, w’liich projes t from three to four feet all round beyond their 
supporting ped<‘st!il. These strange growths ar(‘ not unstable, as are the 
small globular masses of snow upiai a slender support, but, on the coii- 
trary, po.ssess a remarkable degree of pormanenco. Tlu‘ depth of snow in 
tliem is sulhci(*nt to (‘xpr(\s.s most of the air, and to weld the lower parts 
into a tenaeiou.s mas.s, 

■Much attention was given t(» overcoming the ditheulties of the Tral 
photography of snow, /c., tlu' rendering of tlie detail of the snow surface, 
instead of photographing objects silhouettecl against snow, as is done in 
th(j ordinary ‘.snow-scene’ pliotograph. After some initial failures suc- 
<‘Oss was achieved, and a large. <’olleetion of good quarter- and half-plate 
negatives ba.s bi*eii brought back w'hich is of very considerable scientific 
\ alu(». 

The whole of the grant lias been expend(*<l, and the Committee apply 
for a grant towanis the <*xpen-;<'s of continuing the investigations. 


iro/ac?/'.s‘ Jtifhnur . — /'7/x' Urjforf of f he ojt’ Mr. 

M. W. IIhabuuok {(Vniirnin/i). Mr. A. L. Bowlkv Miss 

A. .\r. Anoeksox, Mr. V. Booth, Professor S. d. Chapman, Miss 
C. hk CoLLKT, Professor F. Y. Kdgeworth. )Vofessor A. W. Flux, 
Mrs. J. It. ^lA(M)i).NAbn, Mr. L. L. Price, Professor W. Smart, 
atul ]\[rs. II. J. 'J^EXNANT, appninied to rmrsti^atr. the Economic 
Ejfect of Ijiujislttfinn rnfnlatinfj Womens Lnhovr, 

The Committee, as appointed at the. Bradford meeting, sought the 
assistance of Mrs. H. J. Tennant, late H. M. Principal Lady Inspector of 
h\actories. Miss A. M. Anderson, her successor in office. Miss C. E. Collet, 
of the Board of Trade, and Mr. Charles Booth, to all of whom the 
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members of that Committee return their thanks for accepting the invita- 
tion to join them. 

The Committee, as thus enlarged, resolved that it would adopt the 
classification of industries made by the Labour Commission, and would 
request some of its own members and some otlier competent observers 
to enter upon a local investigation of the question, as far as practicable, 
ill every locality in which such industries were pursued by women. 

It proceeded to prepare, for the use of the members and others thus 
commissioned by it, the following scheme of investigation : — 

Scheme of Invent ir/af ion for Commissioners, 

Commissioners should be supplied with — 

(1) Abstracts of legislation. 

(2) Information already obtained by parliamentary or other inquiries. 

Commissioners should then visit the industry and make themselves 

acquainted with the nature of the work, and especially with any changes 
which have taken place since the legislation for women began. 

Commissioners should observe the following points in their investiga- 
tions : — 

I. The effects of the legislation (jeneralli/. 

(1) Has it necessitated or induced any alteration of custom, or merely 
enforced what was customary before, in the case of the iromni themselves, 
in the industry in question, or in others related thereto ? 

(2) Has it necessitated any alteration in the case of otlier workers 
(men, young persons, or children) in the industry in (luestion, or in other 
industries related thereto ? 

II. The efiects of the legislation specially on the positu)n of women, 
whether {a) prejudicially : — • 

(1) Has it lowered the wages of women relativtdy, either temporarily 
or permanently ? 

(2) Has it caused any displacement of women ? 

(3) Has it initiated any important changes in the use of inacliimn’y 
or the division of labour h 

Or (6) beneficially : — 

(1) Has it increased the efficiency of the women themselves as indus- 
trial agents; and is this efficiency due to all, or only to some, of the legal 
restrictions ? 

(2) Has it increased their economic efficiency as nnuubers of society 
{e.g.y with relation to home life, the health of the children, the morality 
of the race), and are these effects due to all, or only to some, of tluj 
restrictions ? 

(N.B. — The legislation may affect the demand for women's labour 
(1) directly, in the industry in question by adding to difficulties of 
management, or by diminishing the output of the women themselves, or 
of others engaged in the work ; (2) indirectly, by effects on other 
industries related to the industry in question ; or it may increase the. 
supply of women and their substitution for men by rendering the work 
healthier or easier.) 
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Commissioners should endeavour to discriminate between changes 
aff<-*cting the employment of women which are due to the legislation and 
those which result from other causes. 

The Committee awaits the reports of the sev u-al Coma , and 

would be glad to receive off(‘.rs of assistance f; ai any othe| who 

are able to procure and furnish the information sought with respect to any 
particular Held in which women's labour has been regulated by legislation. 

'Uhe Committeci bt‘gs to thank the Secretary of State for tlio Home 
Department for ha\’ing given permission to the InspcK-tors of Factories to 
furnish tla^ information required with respect to their scveial districts. 

Thti Committee received an offer of information from the Freedom of 
Labour Defence, of which it would be glad to avail itself. 

As the reference to tlu3 Committee is general in its terms, and includ(‘s 
the economic <dFect of h*gislation in every country regulating women's 
labour, the Committee addressed the following circular to the heads of 
the statistical bureaux of various <*ountries and to other persons of 
authority, not only in Kurope, but also in the United States and the 
Ihitish Colonics. 


Circuh*! fo ForoAtjn and Cohmial Author 

‘ 1'lie above-named C’ommittee, having bemi appointed by the British 
Association to eiuiuiro into the economic elfect of legislation regulating 
W omen’s Labour, are desirous of obtaining information relating to that 
subject in industrial < ontrcs outside of the United Kingdom, and have 
diri»ct(*d us to ask the favour of ycur assistance. 

‘They will be greatly obliged to you for any information you are able 
to furnish them in answer to the subjoined <pn‘stions with rt'gard to your 
own country. 

‘ I. Did any enquiry precede the enactment of the statutes regulating 
women’s labour '{ Kindly give full referenee to any record of sucli 
enquiry. 

‘2. Has any enquiry been nmde into the results of such legislation 
since its enactment ! Kindly give reference to records. 

‘.*1. AVliat ar(» tlu? particular industries in \\hieh women’s labour is 
regulated ? ^Vnd what ])roportiou do women and girls employed in such 
indnstiies bear to the whole industrial female population ot* the country '? 

* 1. Ai(‘ any statistics available with regard to tlie industries alfected 
by such legislation of 


(//,) Tin* number of women employed 
(h) The wagt‘s pahl to them 
(i*) The number of wwn employed 
((/) Tin? wages j)aitl to them 
Ot her t'conomic data 


\ (A) At or slnwtly before the date 
j of the (‘iiaclnumt ! 

■(B) At oi- shortly before the 
I presint tilin' ? 

/ (0) .Vt any intermedia t(! period ? 


Kindly give full references to records. 

‘ T). Can you favour the Committee with any obs<*rvations of yi»ur own 
oil the matter '? ’ 


The Committee has n'ceived from its foreign correspondents a great 
quantity of valuable information, for which it has returned its thanks. 

The Committee has thus taken the necessary preliminary steps towards 
the investigation of the subject referred to it. The subject is a large one, 
1901. DD 
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and the investigation will no doubt occupy some time. The results of the 
census recently made in the United Kingdom will have a direct bearing 
upon it. The Committee does not think it would be advantageous to 
publish in the present preliminary report any of the particulars as yet 
obtained, either with relation to the United Kingdom or to foreign 
countries. 

The Committee therefore asks to bo rcapppointed in order that it 
may pursue the investigation. 


The af Jlnml TVAWes/o Trarlio)i. lirpod (f/ ihe ( 

of Sir Alkxanpeii Hinme Professor Hki.e- 

SiiAW Mr. Aitken, Mr. T. C. AvKLiNCr, Mr. J. Hiiowx, 

Urofessr Hudson Beark, Mr. W. W. Beaimoxt, Colonel 
Crompton, Mr. A. Mallock, Sir David Salomons, Mr. A. R. 
Sennett, ilr. E. Shrapxkll Smith, .Mr. J. 1. TiiORNYUROFr. 

(Brawn up hij the Secret ar if,) 

At the first meeting of the Committee it was decided — 

1. That an experimental car and dynamometer were necessary for 
performing the experiments on road traction. 

2. That members of the Committee should be invited to state their 
views in writing concerning the mode in whieh the experiments should 
be carried out. 

3. That ultimately, with a view of obtaining results on different 
types of roads, trials should be conducted at three centres whore facilities 
could bo obtained — namely, Aldershot, Cupar in Fifesliire, and Liver- 
pool. 

4. That a summary of all work hitherto done in the investigation of 
road resistance should be prepared by tlie Secretary. 

At the same meeting Mr. J. Brown, of Belfast, offered to jilter the 
viagraph, which is the self-recording instriinient of his own invention, in 
order to make it specially suitabbi for carrying out tlio experiments, and 
to place it at tlie disposal of the Committee. Other members of the Com- 
mittee, among.st them Mr. Aitken and Colonel Crompton, undertook to 
carry out experiments with the special facilities at their command. 

At a subsetjuent meeting the suggestions contributed by various 
members of the Committee were fully discussed, and it was di'cided that 
in order to undertake cjxperiniental researches in a thorough and complete 
manner it would be necessary to raise a sum of about 1,000/. Tln^ 
Committee felt that, in view of the great development of iiuM'hanieal 
traction upon roads, the scope of the report should not imirely be limited 
to experiments on tractive resistance, but should deal wdtli the oifeets of 
vehicles upon road surface of various kinds, and should involve expi'ri- 
ments. not only with two different kinds of tyros, })ut with \arying loads 
and speeds and with differont types of vehicles. 

An investigation would bo undertaken concerning the relative elfoct 
upon the roads of various forms of mechanical traction and the best types 
of road for this purpose. They might therefore look with confidence to 
substantial pecuniary support from makers and users of traction engines 
and manufacturers of motor vehicles. The Committee might also reason- 
ably expect substantial pecuniary support from various County Councils 
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and Local J^oards. A circular was drawn up with this end in view ; but 
pending the consent of the (General Committee an application for funds in 
the above directions has not been pressed. 

The step lias been taken, however, of appointing IVlr. T. C. Aveling, 
a membei’ of the (yommitteo, who is conversant with the traction-engine 
worhl, as lion. Treasurer. 

Meanwhile, an offer ha\ing been received from Sir David Salomons io 
lentl to th(». C^miinittee for an indefinite period, to alter as they pleased, a 
nititor-car, it was determined in accepting f his kind ofler to proceed at once 
with a series of ]»reliminary experiments, wliich would pave the way for 
futuie and more complet(‘ investigations. During the past f<*w months 
work has l)(*en steadily proct^eding upon the motor-car, the jost of new 
engines for which is being defrayed by Sir D. Salomons. Although great 
delays hav(‘ b(‘('ii experienced with the engine's, it is ho]Hd that very 
shortly a preliiniiniry series of the (xperiiiKuits may be connneneed. 
Tlie.se it is pi’oposcd to m;ike in the first place with single' wheels, with 
difierent kinds of tyre.s. The track for this purpose in the first place 
would bo artificial, consisfing of different kinds of materials laid in a 
trough or trench, about eightt'en inciies or two f(*et in width, so that the 
dynamomofer itself can thoroughly te.sted when the car is lunuing 
upon a road of lovtd surface. 

In this way the autographic records obtained for materials, such as 
sand w\*t and dry, loo.se stem's, artificial projections of cross pi(*ces of 
wood of differt'nt si/es and differently pitched, can be thoroughly under- 
sbiod and eonstants of th(' dynaimiineter obtaine<l, so as to enable the 
actual road trials to be made without uuneeessary (h'lays. 

This the Cominitt(;o consider to b<» very important matter, since the 
difliculf ics iin oh ed in securing permission to make, and in actually making, 
trials ujion the roads themselv(*s .should be rt'duced to .a minimum. The 
new viigrapli of Mr. Drown has been receivi'd and is awaiting these trials. 
Jt lias been alter<*d by tlie important addition a device for attaching 
diffen*nt curved surfaces, representing .‘'Cgments of wheels of different 
diameters. Tin* rise and fall of this eurved piece is autographically 
re<*orded, and from ex[»eriinents wdiich have already been made by Mr. 
Aitken it is ch'ar that tln^ a<’tual eontour ol’ the road or surface' b«*ing 
experiniente'd upon can be clearly indicated at the same time' that the 
actual rc'sistanee is Ix’ing recordeel by the dynamometer. The Committee 
have not thought it advisable in the present report to publish a de'tailed 
descriptie>n of the dynamometer, since the instrument may jio^sibly 
untlergo considenj-ble modification in tin* coiiise of the (*xpe'riim*nts. 
h'urther, they consider that in view of the fact that the 'work of different 
(' X peri m(' liters on road resivstance (an abstract of which has, in aecord- 
am*(' with tlu'ir instructions, been prepan'd) consists in many cases 
in the enunciation of laws and formula', it will be betti'r, instead of 
jniblishing at the present, junotmv? this abstract, to wait until their own 
experiim'iits can be compared with those of previous workers, particularly 
as, for the first time, it will he possible tj> make observations at any 
required speed from the highest to the lowest vi'locities of practical 
interest. 

The gr.'int of money already given will not be sufiicient to cover expendi- 
ture already incurred ; therefore they make application for a further sum 
of equal amount (viz., 75/.), with permission to raise the additional sum 
they require, and for the reappointment of the Committee. 

D D 2 
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APPENDIX. 

A bdt met of S iiggest io i ta, 

]Mr. Aitken : — 

{a) The dynamometrical apparatus for recording the different con- 
ditions in the resistance of road vehicles to traction would require to be 
self-contained ; that is, a separate machine on wheels or an apparatus 
attached to the loaded vehicle. For slow-travelling traffic all the different 
items which go to make the net result might, with the exception of 
vibration, be accommodated on an apparatus with wheels, placed between 
the prime mover and the vehicle hauled. For fast-travelling traffic such 
an apparatus could not, he imagines, be used with safety, so that the 
appliance would require to be fixed to the motor or loaded vehicle. At a 
high velocity the viagraph would not be available, but records could be 
made previous to carrying out the experiments Avith the road vehicles. 
The connecting appliance would require to be short-coupled in order to 
reduce oscillation. 

{h) The scheme of experiments would cover all descriptions of pavements' 
and macadamised roads. In the experiments the viagraph must play a 
conspicuous part ; and if the speed, pull, and vibration could be auto- 
graphically recorded to correspond with the ‘ viagram ^ the different 
conditions could be seen at a glance, while a scale of measurements would 
give definite results. 

For experiments at high speeds a viagraph section Avould require to 
bo made first, a record taken one way corresponding with the exact 
position which would be occupied by the vehicle, and another back and 
corresponding with the width between the wheels of the vehicle, so as to 
arrive at a mean value of the irregularities of the road surface. A 
distinctive mark made by the viagraph in previously passing along the 
road would guide the driver of the experimental vehicle in following the 
proper course. 

The pull, itc., on the best laid asphalte pavement might be taken as 
the standard to work from, and which in all probability would give about 
5 feet per mile of unevenness. 

Each road surface from that point and for each succeeding 5 or 10 feet 
per mile up to 100 feet of irregularity could be tested on level stretches 
and on gradients at different speeds to ascertain the jiull required and the 
amount of vibration. 

The extent of the unevenness recorded by the small wheel of the 
viagraph, and that of wheels of varying diamctoi*, could be ascertained 
experimentally, from which, no doubt, some kind of formula could be 
deduced. 

Mr. Aveling - 

The Sub- Committee might be divided for the purpose of making trials 
into - 

(a) In heavy or road locomotive class ; 

{h) In medium or steam lorry class ; 

(c) In automobile or light class ; 

so that the experiences of each of the sub- Committees in their own par- 
ticular line should be more directly available. 
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Mr. W. Worby Beaumont : — 

A. Resistance to be obtained by a, say, 8-horse power Daimler car 
hauling : 

(а) A light two-wheeled vehicle with iron tyres and 

1. Running light. 

2. With 3 cwt. load. 

3. With 6 cwt. load. 

(б) A light four-wheeled vehicle with iron tyres. Tests same as above 
for two- wheeled trap. 

(c) A heavier type of two- wheeled veliicl(5 with iron tyres niid 10 cwt. 
and 1 ton loads. 

(d) A heavier four-wheeled vehicle, same load. 

L. Hauling vehicles same or similar to («), (b), (r), (d), but with 

(a) Solid rubber tyros. 

(b) Pneun»atic tyres. 

C. Iron hoop tyres to be shrunk on vehicles in (/>), (/>), (r), (c?), of double 
width makers ordinarily put on same, and same tests again made. 

D. Trials of two-wheeled vehicles to be made with two ditlerent sizes 
of wheels, say 33 inches and 48 inches. 

E. -Angle of draught to be at least two, say (1) horizontal, i.e., level 
with axle ; (2) upward inclination of, say, 20 degrees. Trials made witli 
skeleton vehicles, all tests to be made (1) on level, smooth asphalte ; 
(2) on all sorts and conditions of other level roads ; (3) on all sorts of 
roads of different grades. 

Speeds to be the four speeds of the hauling car. 

Mr. J. Brown : — 

The surface of the roads upon which the experiments are to be made 
should be tested in two particulars : — 

(a) The smoothness. 

(b) The hardness. 

The smoothness of the roads should be tested by means of his viagraph, 
to which he suggests the addition of a skate with the curved outline 
corresponding to a wheel. 

For the hardness an apparatus in which the weighted stami)er is raised 
and lowered at intervals might be used, the amount of yield in the road 
being autographically recorded. 

Mr. A. Mallock presented a design for a dynamometer usijig a single 
wheel. The .arguments for such wei’e as follows : — 

{a) This requires at most only half the number of (jxperimeiital 
wheels. 

(h) Changes from one form of wheel to another can be made more 
rapidly. 

S c) The tractive force can be more regularly measured, 
c^) The effective load carried by the wlieel can be known with 
certainty. 

Mr. Mallock’s designs for the single^wheel dynamometer may be 
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roughly said to consist of a castor frame in which the single wheel is 
held, the wheel being capable of being loaded to any required amount. 
The castor frame is attached to the tractor, the pull on the wheel or 
tractive force being taken through a bell crank frame on to a small ram, 
so that by fluid pressure the tractive force can be continuously recorded. 

The following are M.r. Mallock’s genei’al suggestions : — 

1. Variable radius of wheel, load, and speed. Begin with five wooden 
wheels, with iron tyres 2 inches wide ; diameter of wheels, 5 feet, 4 feet, 
3 feet, 2 feet, 1 foot. These to be tried each with increasing loads, beginning, 
say, at 500 lb., and at two, four, six, eight, and ten miles per hour. 

In the first few sets of experiments small increments would btj made 
of the lo ids, as it is probable that for each kind and state of road tlier.5 
may be one or more critical pressures. Experience, will show liow^ large, 
the increments may be without loss of accuracy in the ivsistanctJ in- 
terms-of-load curve If suitable apparatus is used it might be ('xpf'cted 
that a complete .series of experiments, both for variations of radius and 
load, could be completed in a day. 

2 . The expei-imentii should be repeated with the roads in various 
conditions of wetness. After tlie variations of resistances in terms of 
radius and load have been well worked out, one or two diameters might 
be selected w’ith which to try variations in tlie width of the tyr(‘. The 
widths should range from 1 inch to 10 inches. 

.S. Trials might then be made of various cla.sses of tyr(»s, such as solid 
rubber, pneumatic tyres, tfec. 

4. Home method should be devisi»d to classify and describt* the ct>n- 
dition of the roads. 

5. Every seri(?a of experinumts should begin and end with a trial of 
some particular wlieel for the sake of reference. 

Sir David Salomons : — 

All vehicles to be loaded to 1 ton, 11 or 2 tons, as tJic case may be, to 
avoid calculations. 

Gradients to be taken by percentages, say 2, 21, 5, 7!,, 10, 121, and 
15 per cent. 

Nature of surface classified, such as asphalte dry, wet, and greasy ; 
wood dry, wet, and greasy 3 macadam dry, wet, muddy, freslily laid, 
worn, very worn. 

Experiments to be made 011 roads laid with syenite, granite, Maidstone 
stone, Sevenoaks gravel, flint. 

Also when rough laid before rolling and after rolling. 

Also cinder, sand, beach, and other roads. 

Traction measured when from standstill at two, live, ten, twelve, 
fifteen, eighteen, twenty, twenty-five, and thirty miles per hour. 

Wind and air resistance to be calculated from actual registering 
apparatus to give net results and air re.sistance. 

Air experiments might further be made thus : — 

Flat front of vehicle and same at back built of light board. 

Front conical to cut air and back flat. 

Front and back both conical. 

Wheels might be steel, .solid rubber, pneumatic tyres, flat, and rounded. 

Various diameters of wheels, those generally adopted, and a few trials 
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with wheels of greatly larger diameter, say 6-foot front and back wheels 
equal, and of different diameters, first larger in front, then larger behind. 


Siyiall Screu? (lainje. — Keport of comisHarj of Sir 

W. 11. PjiEECE {(Jhainaan), Lora ivELViN, Sir V. J. Bramwlll, 
Sir II. Tkukmax Wo()i),Major-Geii. WEimEK, (Jol. Watkin, LioAir.- 
Col. Cromiton, a. Stroii, A. Le Neve Foster, C. J. H^avitt, 
0. K. B. Klpjiixstone, E. Kigg, C. V. Boys, J. ilARSHALL 
(ioRiiAM, O. P. Clements, W. Taylor, Dr. Jl. T. Clazehrook, 
(uul W. A. PRFC'E ( Si'cniarij), app( hiVnl to 'ineatut In/ (rhicli 

J^roiilical Efari can he [ficen to the iidrudaction of 'he IScrea Gtaoje 
/irojiosrd In/ the AssociaHon in 188.'. 

Tre Committee report that the present condition of the matter sub- 
mitted to tliein is as follows : — 

Tn the repoi’t presenlotl at the meeting of tin* Assoeiatioii ^^hiL•h was 
held at llriMlt'ord in 19()0 it was recommended that the shape of the 
thread of the British Association screw gauge f(jr the use of instrument 
makei'S should be altt‘red in the following particulars for all screws from 
No. 0 to No. 11 inclusive. 

For .v« /v7/vf. That the designating numbers, pitch(‘s, outside diainettn’s, 
and the common angle of 47},^ remain unchanged : but that the top and 
bottom of th(j thread shall be cylindrical, showing Hats in section, and that 
the depth of the thre.ad shall bo inen^ased by one-tenth of the pitch, the 
diameter of the solid core being in consequence diminisli(‘d by oiie-tifth of 
the pitch. 

For Hofs , — Thai the designating numbers, tli(‘ pitch(*s, the diameters 
of the ch'ai* holes, and tin? conmion aiigh* of 17},^^ remain unchangtal : but 
that tin* top and bottom of the thread shall he cylindrical, showing Hats 
in section, and that the de})th of whe thread shall lx* increased by one-tenth 
of the pitch. 

The elfect of these alt(*rations is as follows : — 

The threads of the screws and taps are of a very sinijde form, being 
cut with a singh^ point tool or grinding wheel, with straight sides and a 
fiat top, and the top of tin* thr(‘a<l is part of a cylinder. Though the 
form of the bottom of the thread depends on the correct grinding of the 
end of the tool, gr(‘at accuracy is unimportant, as the screws and nuts do 
not come into contact there. 

Tin* threads of the nuts and ring gauges will be accurate* in proportion 
as are the taps used to cut them, the edge of the thread forming the 
through hole being part of a cyliinler. 

The aetual dift’orencM's between the screws and nuts of the old form 
and that recommended are so small that it is believed the old stocks will 
in practice be interchangeable with the new screws, so that the amount of 
inconvenience caused by the change will be exceedingly small. 

The British Association screw gauge has been in use in England for 
seventeen years. Many firms in England have originated the threads 
and constructed gauges for sale or for their own use, but the difficulty of 
producing them is great, and the market obtainable may have been 
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insufficient to induce them to perfect the processes necessary for making 
them accurately interchangeable. In short, the British Association screw 
gauge of 1881 was of too complicated a form to allow of its accurate 
realisation except at a cost which has proved prohibitive. 

That very accurate gauges with rounded threads can be produced is 
not disputed, but the difficulty of doing so for small screws is very great. 
The names of three firms in America and of one in (Germany liave been 
proposed to the Committee as being comp(itent, and probably willing, to 
undertake the production of gauges and tools of the rounded thread. The 
Birmingham Small Arms Compan}, who produce interchangeable work on 
a very large scale, and to a high degree of perfection, use only round - 
topped screws, fitting all over, for bicycle work ; and Mr. Clements 
exhibited gauges used by that firm illustrating his paper read before the 
Section at Bradford. This firm does not produce these gauges for sale. 
The American firm of Pratt k Whitney have manufactured a large 
number of sets of gauges and screwing tools for the Knglish Government, 
but declined to submit these to the Committee on the ground that they 
were not sufficiently accurate to satisfy us. After long delay they 
submitted to ns three .specimens, which verc reported upon by this 
Committee at the J3ovcr meeting. Thougli the best ve had seen, they 
were distinctly inferior to the screws used in the ordinary microineters 
purchasable in tool shops, which have threads of the character which 
this Committee has recommended for adoption. 

While the round thread is only produced satisfactorily by a very few 
firms, who have made a special study of this class of work, the Committee 
believe that tlie form of thread they havt* proposed can he made in 
any fairly equipped tool room ; and that this facility in producing or 
obtaining the necessary appliances must very greatly encourage the 
maintenance of an accurate standard in .small sc]*ews, to promote which 
has been the object in the view of the Committee. If, on the otlicr hand, 
these tools and gauges an? very special, and ])(‘rha])s costly, appliances, 
obtained only by the refined processes of certain factories, tludr use 
in workshops will extend slowly. The Committee aim at putting the 
matter on such a footing that the common e\(*ryday appliances in the 
hands of workmen shall be of a good order of accuracy, and this is 
only possible if they are produced easily and cheaply. 

It is not suggested by the Cominitteo that the form of thread 
recommended is the best for all purposes and for all sizes of screws, and 
they have expressly excluded sizes of screws below No. 11 British Associa- 
tion gauge, which are produced by pressure and not by cutting. Tlicir 
recommendation applies only to the sen^.ws used in instrument making 
and similar trades for assembling parts, of which screws a large 
proportion — perhaps 95 per cent. — are of brass. (Considerations atreeting 
the use of screws for other purposes have been put before the Committee, 
especially by Mr. Clements in the case of bicycle and gun screws, and by 
Mr. Taylor in the case of lens screws. Tliese liave thrown suggestive 
light on the question before the Committee, and will be closely considered 
by them if reappointed. 

Since the last report the Committee’s proposals have attracted much 
attention, but no sets of gauges or tools of ihe new thread ha>'e been 
submitted to them, and so far their recommendation has had no practical 
result. They are informed, however, that one lirm of manufacturers in 
England is occupied in producing tools and gauges for their own use, and 
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if they succeed in producing them of satisfactory accuracy will submit 
them to the Committee. 

Mr. O. P. Clements, the author of a paper on screw threads used in 
bicycl(*s, read before the Section at Bradford, has been elected to the 
Committee. 

!Mr. W. Taylor, wlio has taken a leading part in the standardisation of 
tiu*. screws of photographic lenses, and has been in communication with 
the Committee, has also been elected a iiKMnher. 

*l>r. 11. T. Glazebrook has Vjeeu elected a member of the Committee. 
Correspondence has passed between the Committee and Dr. R. T. <ilaze- 
brook, the Director of the National Physical Laboratory, respecting the 
(‘xamination of screw gauges, and the following arrangements have been 
made : - 

The National Physical Laboratory w ill undertake to examine and to 
report upon gauges of the Hriti.sh Association submitted to them. 

The Committee have applied the grant of IT)/, made to them at Bradford 
to tlie purchase of apparatus for the examination of gauges by the National 
Physical Laboratory, and have appointed Mr. C. V. Boys, Lieut. -Colonel 
Crompton, Dr. K. T. Glazebrook, Mr. W. A. Piice, and Colonel AVatkin 
to be a sub-(Mmmittee for the expenditure of tlu* grant. Tin*. Committee 
are of opinion that the previous grant of to/., made in 190(», will be 
insufllcient to purchastj the nec(»ssary apparatus, and recommend their 
rc»appointment, with a grant of lo/. 

Efh iKflotjvuil Siin'ri/ o/‘ Cuntifhi , — Jtri.orf tj Hm CunimUfoc^ consiatintj 
of Professor D. 1\ i’KMiALLOW {(Vniirnom)^ ihr hde Dr. Geokge 
M. Dawson Mr. K. \V. IlitAiiKooK, Professor A. 0. 

Daddon. Mr. 10. S, llAitTLANP, Sir d. G. BontiNOT. Mr. B. 
SiiLTE, Air. C. Hill-Toi t, Mr. David Boyle, Air. C. N. Bell, 
Professor 10. B. TvLOit, Professor J. AIavok. Air. C. P. lllNTElL 
mill Dr. W. \\ Ganomj. 

lx ix'cordiiig the w’ork of the past y^ear wt* an* calltxl upon to notice the 
very sudden decease of Dr. G. Al. Ikiwson, wliich occurred at Ottawa on 
Alarch ' 2 , 1901, as the result of broncliitis. Dr. Dawsun liad been 
identifi<'d with the work of tliis Committet'. from the time of its organisa- 
tion, and he served at lirst as its Chairman, and later as its Secretary, 
which position lie held at the time of his death. Ills well known ethno- 
logical studies in connection with the Indians of the Pacitie coast and the 
keen ])ractical interest which he constantly' manifested in the prosecution 
of such work gave .special weight to his connection with this Committee 
th(‘ ol)j(*ot of which coinmamled liis waniu'st sympathy and his deepest 
interest ; and we are keenly sensible of the great loss we have sustained 
in tlie nmioval of one whose broad interest in the* progress of scientific 
research, and whose* intelligent appreciation t>f the many ditlieult problems 
eon nettled with the prosecution of ethnological work in a country where 
the conditions ani changing so rapidly, gave him exceptional qualifications 
for the guidance of our work and imparted to those especially engaged in 
collecting data a never-failing stimulus and enthusiasm. 

Renewed negotiations with certain of the provincial Governments 
have been open(*d during the year with a view to having the work of this 
Committee placed upon a more permanent basis, and it is hoped that 
favourable results may appear before our next annual report is made. 
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Dr. Ganong has undertaken the ion of systematic work in 

New Brunswick, with special reference to the romiiaiits of Indian tribes 
in that section of the country, and a somewhat definite statement of 
progress in this direction may be anticipated for the next report. 

The anthropometric work of the Committee has been in progress for 
the last three years, and material is steadily accumulating which will 
ultimately be placed in competent hands for final analysis. 

Mr. Leon Gerin, whose very acceptable work upon the Indians of 
Lorette was reported upon last year, has continued his studies with 
reference to the Iroquois of ; but the material is not 

sufficiently advanced to make it u\.islai>t>* i'<t the purposes of the present 
report. 

Mr. A. F. Hunter has shown continuous activity in the ethnology of 
Ontario. He has published in the ‘ Archjeological Jieport of Ontario ' for 
1900 his third contribution to the bibliogra])hy of Ontario arcluvology. 
In volume iii. of the * Ontario Historical Society ^ he has also published 
an article on ‘ The Ethnographical Elements of Ontario.' This paper was 
prepared in the line of the investigations of this Committee, and, as in the 
case of the contributions by JMr. Suite, it will server as an important liasis 
for further investigations. Its importance and the fact that thcj place of 
first publication would secure only a limited circulation made it desirnhle 
that a certain number of extra copies .should be stjcurcd by the Committee 
for use in its special work. These are now available, and a copy is 
transmitted herewith. 

Mr. Hill-Tout has continued his studies of the Salish tribes of IJriiish 
Columbia. His report for this year deals chiefly with the I lalkomc'lein 
tribes of the Lower Fraser. The evidence, both from his archfeological 
investigations and from his linguistic studies, leads him to conclude that 
the.se tribes are comparatively late coiners in theur pn*sent territory, and 
that the original undivided home of the Salish .stock was not on the shores 
and bays or tidal rivers of this coast, each trihi^ or division having 
separate and distinct names for the various kinds of fish and other marine; 
products, which could not conceivably have been the case had they livcil 
together here, since fish formed the principal portion of their food from 
time immemorial, as their midden-heaps testify. Their stories and myths 
accounting for the origin or presence of the salmon and other forms of 
marine life in these waters are also widely dissimilar, plainly showing 
that they have been independently evolved since the bejiaratiou of the 
tribe into its present divisions. 

Another important result has been r(»ached by a comparative study of 
the philosophy and social customs of the {Salish tribes. It ha.s been found 
that their beliefs and customs furnish us with the steps by which the 
peculiar totemism of the northern tribes of this coast is reached. It is 
seen to be the natural outgrowth and development of an earlier fetishism, 
the different cultural planes of the Salish presenting very clearly the 
intermediate steps by which the former gave rise to the latter. 

The linguistic part of the report, to wliicli the author has devoted 
much time and study, forms a valuable addition to our knowledge of the 
Salish tongue. It presents a comprehensive exposition of the grammatical 
structure of two important dialects of this family, to which are added 
examples of native text and extensive glossaries of Kwa'nthen and 
Teilqeuk terms. 

The Committee desire to be reappointed, with a grant of 30/., in 
addition to the balance of ^46.15 in hand. The Committee recommend 
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that Mr. 0. Hill-Tout, of Abbotsford, British Columbia, be appointed 
Secretary, and the Rev. John Campbell, of Montreal, a member of the 
Committee. 

Xalural lliatorn and Kilinhtjrn^tlni of Ihe Mnldif Peni/ifidfa, — Secowl 
lioitori of ihti Co}iinilttfip, connHtiiuj of Mr. C. H. Uead (Chair* 
'man), Mr. \V. Crookk (Secreia.i'n)^ Professor A. Macalistek, aiid 
Ih’ofeBSor AV. JllDGEWAY. 

The Committee Iiave received the following report from Mr. W. W. 
Skeat, the leader of the expedition in continuation of the report presented 
last year : — 


Secotifl Rt*pori on Camhruhjn Explorimj E^n'iifiditlonfo the Malay Provinces 
if Loa:vr Siam. Drawn up by W. W. Skeat. 

Ill continuation of my r(‘])ort of last year (in which the route taken by the 
^lalay States Kxpedition was described) I have the honour to forward a 
rejiort (hjscriptive of the etiinographical material eolleetiid in so far as it 
i.s possible for me to do so under existing eondiiions. 

I propose also, for eonveniencei’ sake, to ])r(‘fac(^ tlie ethnographical 
part of tin' report with a few general rmuarks on tlie collections made in 
the other d(‘partm(mts of science which were rcprescuitcd on the staff of 
the exp('dition. 

on /.ooliHpj. 

Zoolayy. — An (‘xteiisive collection of Vertebrates was made, but this 
group has been, comparatively speaking, so well workecl that the interest 
of the colh»clion is more likely to consist in t‘xtcnding the range of 
species aliijady known than in the making ot new or startling additions 
to our existing information about tlie IVninsula. About three or four 
new species have, Iiovvcncm', already been reported. 

A few of the most interesting points about the entire collection, from 
a zoological point of view, are : - 

1. The discovery of the first two species of Peripatas found in the 
Malay Peninsula. 

About thirteen s])eeiinens of Peripatus (eoniprising two spt‘cies) wore 
collected by memlH’rs of tlie expedition. 

The first specie.> was first collected on Hukit liesar (11,000 ft.), in Patani, 
by Air. R. Evans, and the seciuid some time later by Air. F. F. Laidlaw 
at Kuala Aring, in Kelantan, both localities being in the East Coast States. 
A third species was colhadeil some months aft,t'rwards (and independently 
of the e\p(*dition) by Mr. Huthn* in the West. Coa^t St.-ite of Selangor. 
All three spt^cies are iucludeil by Air. Evans in a new- genus wdiich he has 
called ‘ Eoperipatus.* * 

A point of great interest (Mr. Evans ti*lls me) is that in the earlier 
stages of development (<’.//., in the size and structure of ovum) they 
resemble the Australian forms, but at a later period (c.^., in the size of 
embryo at birth), they more nearly ajiproximatc to the American forms, 
to which aiiatoniically they also bear so strong a resemblance that they 
have been included in the same sub-family (of Peripatidie). Air. Evans 


* Quart. J. J/iV/*. A*., vol. sliv., Pt. IV. n.s. 
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concludes that the Peripatid^ must once have had a common centre of 
distribution either in Africa or in some lost continental tract which 
formerly afforded a means of land communication between Africa, the 
Malay region, and South America. 

2. The collection of Spidera and other Arachnids, of which more than 
one third have been determined as new by M. E. Simon (Paris), the great 
authority on this group. 

3. The collection of Insects. 

4. The collection of h.i hi (the majority of which are new). 

5. A good piece of work is Mr. Evans’s account of the formation of 
the gemmule in Ephydatia. 

The information about the rest of the collection is not yet fully avail- 
able. I append, however, for convenience’ sake, a table showing the groups 
to which the specimens collected belong, together with a list <jf the 
authorities who have kindly consented to work them out. 


I 


1 Freshwater Sponges 

1 new spe cies 

Descnb(*d ns Kphifthitm hhnn- 

Marine iSponges 

Few 

htnf/ia hy K. K\ans, .M A , 

B St* , ill ‘Quait. Jour. Micr. 
Sci vol, xliv. p. 71 



Miss I. Sol las 

Mcdusio 

2 or 

B. T (iiinther (O.xford) j 

Alcyonuria 

Few 

Professoi S. J. Hickson (Manolifs- 


ter), M A. ( Downing (5olle'.io) 1 

Tarbellaria 

Many specie^, mostly ; 

F. F. 1 /lid law, BA (Tun it y 

1 

new 

College) 

Ce.stoda, Treinatoda, 

Few ! 

A. E Shipley, M A. (Christ’s 

Nematoda 

1 

College) 

Oligochseta 

Not leas than 16 

Dcsciihed hy F E. Peddard, 


species, of which i 

M.A, F H.S., in ‘ Pioc. Zool. 1 


at least 10 are new 

Soc,’ 19()0,p. H\n ' 

Polychieta | 

Few 1 

A. Willey M.A , D Sc. ! 

Sipunculoidea 1 

! Probably -1 or 5 

W. F. T/inche.st r, M A. (King's 

1 

sjiecie.s 

College) 

Crustacea 

1 Considerable number | 

*» 

Peripatus 

I Two species 

R Evans, M A. (‘ Q. J. Micr. Si*.,’ 



vol. xhv., Pt. IV. n.s.) , 

Myriapoda 

1 Few 

F. G. Sinclaii, iM.A. (Tiinity 


1 

(\dlege) 

Arachnida 

1 Not less than 139 

1 species, of which ; 

i 48 species and 4 | 

sub-sj)eeics ai c new! 
*“■ 1 

E. Simon (Paris) r. ‘ P.Z S.,’ 1901 


1 In.^ects 

Paper on liahits by N .4 n nan- 

1 

1 

dale, in ‘P.ZS,’ 1900, p. 837 

Lepidoptera 

' — 

IVofes-or E. B. Poult on, F.K.S. 


i I I (Oxford) ‘ 

Hymenoptcra — I P. (’anu rfui r. ‘ P.Z.S.,’ 1901 

lleruiprera -- I W. Jj. DUtant, | 

Orthoptera (part) — I M. JSuii (Oxford) ' 

()rihoptera(Pbasmidae) — [ I). Slmif), F.K.S. 

Odonata (Dragon-flies) About 60 species, ' b". F. LuidJaw, B.A, ‘ 

probably U) new i 

Coleoptera — 1). Sharp and F. F. Laidlaw 

Mosciuitos — F. V. Theobald, M.A. (St. John’s , 

College) 1 

' Cp. also F. E. Beddard on a freshwater Annelid of the genus Bothrioneuron 
IB, irU, n. sp.] in Pt. 1. 1901 (p. 81) of the P.Z.S. 
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I I 

Lamcllibranchiata and i About 70 species E. A. Smith (British Museum) 
a fow other Molluscs | 

Ollier Molluscs (Gas- ‘ Including about 20 i F. F. Laidlaw 
I tiuupoda, &c.) species of terres- ' 

I i trial Operculates, 

I of which probably 

Pi or 7 are new 

Other Molluscs (Slugs, ' About 25 species, W. E. Collinge (Birmingham) 


\'C. ) 

probably 5 or G new 


(‘uMh*-fislies 

2 or:i 

W. E. Iloylc, M.A. (Manchester) 

Fi?lu*s 

Numerous 

L. \V. Byrne, B.A. (Trinit\ 
College) 

Amphil'i.i 

About 2\) species 
(none new) 

Described liy F. F. Laidlaw in 
‘ P.Z S.,’ p. ss:i 

Bcplilj's 

Not less than 
specie.-', 2 or l\ 
probably ni*w 

F. F. Laidlaw 

Binb 

About 1 1(1 species 

Paper by J L. Bonhote, B.A. 
(Trinit V College), ‘ P.Z.S.,’ 
Pt I. l‘M)L p. 57 

Miimmals 

Ai'out 55 species, 

1 new 

Described by J. L. Bonhote, B.A. 
(Trinity College), in *P.Z.!S.,’ 
r.lOO, p‘ 8G9 


i 


Sprrimenji iwt yet dixtrihuted. 


i (’orals 

I 

' Kchinodeniis 


Xeincrtines 

j 

I HinuUnca 
I Polyzoii 


Considerable number 
Moderate number 


2 or 3 

1 or 2 .spe<Me‘i 


I 

Probably J. S. Gardiner. M.A. s 
(Caius College) I 

rnnssigned These were to have 
b'‘en described by F. P. Bed- 1 
b>rd, B. A. (King’s College), who 
died O.’tobcr l'.K)0 
Possibly li. C. Punnett, B.A. | 
(Cains t’nlleg(‘) 

Cnas^igned 
I S. F. ilarmer, F.B S. 


Bftfafty, 

TTpw’ards of 1,000 species of drieil plants were collected — about 430 
by Mr. (J Wynne- Vaughan and upwards of 600 by Mr. R. 1[. Yapp. 

1 understand from Mr. IT. Ridley, M.A. (Superintendent of Hardens 
and Forests, Singajiore) that both colletdions include specimens of much 
interest. 

Tn both cases the specimens consisted mainly of Plianerogams and 
Vascular Cryptogams. They included a number of new Jlowering plants 
and probably ono or two Ferns. 

Messrs. (Jwy line- Vaughan an<l Yapp have both been engaged in 
anatomical research on the material, preserved in spirit, collected during 
the expedition. 

A small collection of Algas have been distributed between Messrs. 
F. F. Blackman and G. S. West, both of St. John's College, Cambridge. 

A few Fungi were also collected. They will probably be undertaken 
by Mr. R. H. Biffen, of Emmanuel College. 
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Geology, 

With regard to the progress made in dealing with the geological 
specimens, Professor T. McKenny Hughes kindly sends me the following 
notes : — 

The occurrence of fossils on some of the images of Buddha sug- 
gested a search for the quarry from which the rock was obtained out 
of which the images were carved, and it was at hnigtli found on the 
western flank of the great central axis of the Peninsula. The liner rock 
is in places highly fossiliferous ; the coarser has so far yielded only traces 
and suggestions of organisms. The colh'ctoi s very wis(*ly hi-ought hack 
large lumps of the portions which a}>peared to he fossilift^rous, and hy 
breaking these up with greater care than could liave been used in tli<^ 
fleld, we liave (j])tained a sufliciently large number of well pr(\served 
species to enable us to determine the geological horizon of the (hq)osit. 

There is a trilobite (Proetus), encrinite stems and arms ; several species 
of lamellibranchs and of brachiopods, among which last there is at least 
one species of Chonetes. There is a well preserved and highly ornamented 
Pleurotomaria and a Cephalopod, which, by its liorseshoe lobes, continiis 
what is suggested by the genei'al facies, namely, that the dt^posit belongs 
to the highest beds of the Carboniferous, or rather, perhaps, to beds inter- 
mediate betwc(*n ih<^ Carboniferous and the overlying system to which 
the compromise name of Permo-Carboniferous has been apjdied. 
The rocks brought home fall into two divisions : (1) a grit of varying 
coarseness, cousistiiig almost entirely of siliceous grains with occasionally 
larger included fragments of (piartz and some for (ugn mat<*rial ; and 
(2) a very tine rock in which, however, the constituents aj)pear to be the 
same as those in the coarser rock, only more finely divid(‘d. Both rocks 
are jointed, and the joints are often picked out by bright coloured oxides, 
and in the ease of the coarsci* rook by thin niin(*ral \eins in whicih limonite 
is conspicuous. The microscopic examination of both liner and coarser 
rocks confirms the views suggested by the macroscopic examination of the 
coarser specimens. The chemical analysis shows tbet tlie rock is almost 
entirely composed of silica, but it is evident that it has undergone mucli 
mechanical and chemical alteration. Thei-e are evidences of strain 
throughout ; the fossils are distorted, and some of the larg(»r pebbles are 
broken and the })aits displaced by movcuncMits in the rock. It is ch*ar 
also from the character and condition of the fossils that there must have 
been originally much carbonate of lime in tJi(» rock furnished by large 
lamellibranchs and thick-. sluilled bracliiopods. Tluj cavity where the 
shell was is sometimes found lined with silicates, whereas no trace of the 
carbonate of lime remains in it. The absence* of carbonate of lime was 
suggested by tlie sharp and undecoinposed Jippearance of tlie carved work 
which, though it had evidently been exposed to the weather and the action 
of vegetation, nowhere showed the frett(id surface of a calcareous rock, 

AxTnKoroLOfSY. 

Notes on 

I. Anthropometry, 

There was so much heavy work to be done in other departments that 
but little time could be devoted to this branch of science. 

Such statistics, however, as it was possible to compile should be of 
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especial interest, since it appears to be the first time that any systematic 
observations have been made on the Malays of the east coast of the 
Malay Peninsula. 

As far as I have ascertained at present, about forty-four natives in 
all were iiicasur(*d. Of these about thirty were East Coast Malays, and 
the remainder (with the exception of one wavy-haired Sakai woman) were 
al)orij:;inal jun"le-dwellers, with the dark skin and frizzly hair, of the 
Nofirrito type*. 

Upwards of twenty measurements were taken in th(* case of each 
individual, and a number of observations wen^ inad<* witli reference to 
th(* colour and condition of skin, hair, and ey(*s, as well as various par- 
ticulars bearing on the life of the individual in(*asured. 

The full measurements have not yet been thoroughly woi-ked out, hut 
the records of h(*ight appear to be thoroughly consistent in indicating the 
pre.sence of two quite ditlereiit standards of racial stature : (a) a high one, 
(d) a low one. 

Or) From loO-lBG C. ; (d) from 151-150 0. 

This larg(*ly contirms what has been written about tlie people of the 
East Coast States by Mr. Hugh Clifford and others ; indeed, the differ- 
(*nce of type is so marked that it could hardly fail to strike the ordinary 
ol)serv(‘r. 

The men belonging to the first type - - 

00 Are tall, fleshy, raw-boned, and bulkily made men, somewhat 
resembling the Maori in geneml build. 

Those belonging to the second type — 

00 Are short, with spare frame and comparatively slender lower 
limbs — as diflerent as a polo pony from a plough-horse. 

The taller type largely predominates in the East Coast States of 
Patani, Kelantan, and Tr(*ngganii, tin* centre of its racial focus lying in 
the most central of the three States referred, /.c., in the State of 
Kelantan. 

Notes on 

11 . Kthihujrnjilnf. 

An examination of the ethnographical .specimens has .served to 
einjdiasise tlni iniportanet* of tlie area traversed, as one of the mo.st vital 
of tin* c()nin*cting links between Asiatic civilisation and savagery. An 
interesting point is tliat tliis offsliooi. of the Mongolian lace has adopted 
a cultui(' which a}qKMrs to be almost fundamenlally Indian. 

Anotlicr ])oint to whicli })(*rhaps justice has liardly het'ii done consists 
in the immense valin* to Great Ibitain of her Malayan dependencies, the 
volume of who.se trade (not including Borneo and Sarawak) amounted in 
the year 11)00 to 51,000,000^.,^ a figure which only falls short by a few 
millions of the gi-eat import and export trade of Canada, which in the 
same yiar amount(*d to 01,000,000/.- Alost of this trade is certainly 
made l)y the CMnnese ; hut even apart friun tin* commercial question, and 
on nu*vely general grounds, I tliink it is now being recognised that the 
work of understanding our native fellow-subjects possesses a high 
practical value, not only for science, but for government and trade," a 

^ Reckoning the dollar at 4jf. 


* Reckoning the dollar at 2.«. 
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notable instance of which was to be seen in the hibonrs of the late 
Miss Kingsley. 

AVitli the additional material collected during the expedition it will 
now, I think, be possible to lay the •foundations of a reasonably cxhaustiv(i 
ethnographical work dealing with the IMalays of the Peninsula, their habits 
and customs, their religion and their industries. For this work I have 
already commenced to arrange the material. It would give me much 
encouragement to feel that I had the approval of the Association in this 
laborious task, which I have taken upon myself solely because work of 
this particular description is unfortunat<'ly so unrein unerative under 
present conditions that nobody else could be found to undertake it at all. 

As regards the method adopted for dealing with the matei-ial, my 
object is to have all special points which lend tliemselves to such treat- 
ment worked up by specialists in each particular branch of knowledge, 
a method which, I trust, will give an increased value to the ultimate 
result. Among those specialists who have most kindly undertaken to 
workup special sections 1 may mention Dr. R. J. Lloyd, of Liverpool ; Mr. 
W. L. H. Duckworth, Professor Wra. Ridgeway, Mr. IE. Warington 
Smyth, Mr. W. Rosenhain, Mr. H. Ling Roth, and others. 

I shall proceed to a description of the material collec*! ed, though it is, 
I fear, impossible to give a really adequate description of the collection 
within the limits of the present paper. 

Dre^s. 

The working dress of the jungle Malays in Kelantan and Patani was 
of the scantiest description, a mere waist cloth being at times the only 
garment used. As we worked further south, however, towards the 
Trengganu and Pahang frontiers, this free exposure of the*, person 
diminished continually, until in Trengganu town wo found the sarong 
frequently worn as low as to the ankles, exactly as in most of the States 
under British ])rotection. 

The specimens of dress collected consisted chiefly of sarongs, the most 
valuable specimens of which (presented to the expedition by the Raja 
Muda of Patani and the Sultan and Raja Muda of Kelantan) were 
unfortunately stolen aftm* they had been handed over to the expeuiitions 
agent in Penang. Tn this way some unuiiu*. specimens were lost. On the 
other hand, a fairly complete &ot of nameil sarong patt(‘rns, showing the 
arrangement of the threads in producing a great many vaiieties of the 
Malay check patterns, ^\ere obtaimd, this point being an especially 
interesting one, as it exhibits in the Malay Peninsula an exact parallel 
to the existing Scotch (and former Irish) tartans. Among the miscel- 
laneous articles of attire collected may be mentioned a series of head- 
dresses, shoes, sandals, itc., and some curious sets of toilet requisit(»s 
carried on the person (including silver tweezcT-s, dane tooth-brush, silver 
ear -pick, and silver toiigue-seraper), and a set of exceedingly ingenious 
and primitive folding ];alm-leaf umbrellas, which ani constructed on an 
entirely different principle from those of Europe. 

Ornament aiiun. 

Among the ^Malays of the East Coast and Kedah, tas among those of 
the British possessions, the adornment of personal belongings and house 
furniture is seldom rich, and is the exception rather than the rule. In 
certain departments, liowever, with which Moslem tradition has not 
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interfered, the Malay artificer shows no marked * his fellow 

worker of China or Hindustan. The work of Ma Iver smiths 

in the Peninsula may in fact generally be di-l ftat of their 

Chinese and Indian confreres in the same s-y less florid 

and in jus ter taste than the latter, and finer in execution thaii that of 
the former. 

This (|uostion of ornamentation is of especial interest on tho East 
Cofist, where Mohammedanism may be seen struggling for the mastery, 
and not always getting the better of tho spirit of the people. Most 
impcjrtaiit in this connection are the rare traces of anthropomorphic and 
zoomorphic decoration, in some of the axe-helves brought back by the 
oxp()dition, which bear an astonishing likeness to certain Polynesian 
designs, as well as in tho ornitliomorpliic ornaments, wliicb, like the 
frigate bird to which Dr. JIadclon has drawn attention in ■ ■■\::ib, > 
islands, play so large a part in the East Coast rites of marriage and 
circumcision. In the case of the latter ceremony the anomaly is especially 
remarkable, the candidates for circumcision being usually first paraded 
in a chariot representing some animal or bird, a thing which I have never 
seen among the West Coast Malays, who are in closer touch with 
civilisation. 

East Coast designs (more especially those of animals) may conveniently 
be studied in the extensive series of Malay ‘ fancy ^ cake-moulds collected 
from the various districts through which we passed. I regard this series 
as an important one, tho designs being very fairly representative of this 
breanch of Malay decorative work. The objects represented include the 
lion, elephant, bull, goat, and several kinds of tortoise and lish ; the rose 
and other flowers ; the axe and various forms of the jMalay dagger, or 
kris. For the same purpose I obtained .some fine specimens of mat-work, 
basket-work, needh'work, weaving, photograplis of decorative house- 
walls, i)Ottery stamps, ami three beautiful specimens of Kedah water- 
chatties, one of which is decorated with a fioral design, and the other two 
with re]U’esen tat ions of fish, which are depicted as swimming rouml the 
waist of th(' clnitty. 

Wntjuni!', 

Among the Malayan daggers the most interesting was perhaps what 
Professor Louis calls the ‘kingfisher’ variety of tho Malay kris, the 
hilt of which represents a sitting figure with an abnormally long nose, 
Inch ill some cases reaches a length of several inches, tho body of tho 
figure* its(df being only about 3 inches high. This particular <lagger has a 
very long scabbard, and is frequently if not usually inserted in tho bolt 
ill the middle of thi^ wearer’s back. To draw it tin* wearer gives a back- 
ward kiek, wliieli, just touebing the bottom of the scabbard, drives the 
hilt upwards b(*tweeu the shoulders, where it can be seized by the hand 
(over the shoulder) and drawn for action. 

Ilimlimj and Fishitif/f »S*c. 

As regauls the series of traps, snares, and nets used by «1 ungle Malays, 
of which a large collection was made, the greatest ingenuity, as well as a 
coiisidi'rable knowledge of the life-history of the animal, is often exhibited 
in their construction. Magic as a rule plays a large part in tho 
processes employed, and I hope in duo course to be able to work out this 
most interesting side of Malay ethnography. 

1901. 
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An ingenious method was investigated of catching male elephants 
(instead of corralling them) by means of a snare set under a tree to which 
a decoy (female) elephant was tethered. This method of elephant-catching 
requires, of course, a cord of immense thickness and strength. 

Fire-making and Cooking Imjdements, 

Some interesting specimens of the cocoanut scraper, two representing 
animals, and one a man prostrating himself in prayer, were obtained at 
Singora. But perhaps the most interesting objects collected under the 
above heading from an ethnological point of view were a set of the fire 
syringes (generally manufactured from bone or horn) which are still used 
in some up-country villages for the production of fire. 

The collection of Malay cake-moulds has already been referred to. 
Notes were also taken in detail of the methods of making many 
kinds of Malay ‘fancy’ cakes and sweetmeats, as well as a number 
of other dishes. The working out of my colle<‘ti()n of notes uj>on 
Malay cooking processes has >)een very kindly undertaken by Miss 
Duckworth. 


Coinftj IVeighta and 

The collection of coins (native ‘ cash ’), weights and measures is 
representative of all the important local States in which Siamese or Straits 
money has not yet usurped the place of the native currency, as well as of 
several in which the native currency has now long become completely 
obsolete. The collection of coins includes two interesting gold dinars 
from Janibu, in Patani, wliich are stamp(*d with the figure of a bull, and 
are probably of local coinage. Tliey have some resemblance to a small 
gold coin, formerly current in Achin (Sumatra), but are appanmtly 
unrepresented in any British collection. This, ind(*ed, appears also to b(5 
the case with a large nutidjer of the specimens of tin cash. They are cast 
in the form of trees, which are called rash trees, the three speciiiiens of 
which, obtained by the exp(»dition, are, T belie »ve, uniejue in this country. 
The general type is that of the round cash, with a circular hole in tlio 
centre, though one kind, the lialf-cash of Trengganii, is a solid round coin 
(without the hole). In some of the designs Javanese aflinities maybe 
traced. Mr. H. Grueber and Mr. W. J. llapsem, of the llritisli Museum, 
have both seen these coins, and Mr. Rapsoii has most kindly nu'asured 
and weighed them. They have now, together with the w(jiglits and 
measures, been banded to Professor Ridgeway, who lias alr(*,ady done, a 
good deal towanls working them out. 

Sets of weights and measures were als(» obtained whenever possible in 
each of the East C/oast States. Some of these ai‘(*. stamped with tlie 
stamp of the Raja, a charge for aflixing which is made in so\cral of the 
States. Tin; Malay ‘gaiitang' roughly coiTesponds to our own gallon 
measure. The‘cliupak’ rcpre.sents the half cocoanut. .shell (of which it 
usually consists), and this again is further subdivided. 

Another valuable set from an ethnological p()iut of view is that of the 
primitive weighing machines in the sliaj )0 of ungraduat(*-d steel-yards 
which are u.sed for weighing out fixed c][uantiti(\s of certain recognised 
substances, c.y., salt, ‘blachan’ (the well-known strong-smelling Malay 
‘ prawn paste ’), cotton, and tobacco. For weighing rice a much larger 
variety is used, which may be made adjustable under certain circum- 
stances. 
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Trade, 

A groat many statistics were obtained, in passing, about trade, the 
figures of imports and exports being obtained for five out of the seven 
States which go to make up the old Malay country of Patani. In some 
cases these, figures wt^n*. those for the first year in which the statistics 
had be(ui propcudy kept, a Siamese clerk having betui appointed to do 
the work on the previous first of April (the New Year's Day of the 
Siamese). Th(JS(*, statistics, therefonj, may be taken as fairly reliable, 
and as sliowing the character of the trade and the stage of development 
of the people. 

Agriculturp, 

A quantity of Jiotes were collected about agriculture. Swamp-rice 
(on the embankment system) and hill-rice were both grown as in the West 
Coast States, the latter especially in ‘ jungly ' places. 

In most parts of the P(‘ninsula the Malays do not habitually use the 
sickle, but those, who do use it generally prefer to have it furnished 
with teeth. Specimens of this instrument were obtained, as well as of an 
ingenious variety which has a long wooden crook sj)ringing from tlu‘ base 
of the handle*, for drawing together the heads of rice before* they are cut 
with the blade. The liabitual Malay (Peninsula) reaping knifti consists 
of a blade s(*t in «a horizontal pieet* of wood which is afiix(*d transversely 
to a short bamboo stick. The rict' is often roughly threshed by striking 
the heads of grain against the rungs of a short ladder of about three feet 
in length, which is made* to lean against tin* inside edge of a large tub, 
but occasionally it is laid upon mats and tr<dd(*n oiU by })ufraloes, or in 
smaller quantities by foot. I may «add that butlaloes are similarly used 
for breaking up the surface of the ground before the ric(* is planted. 

Metfd^U'ork — (reiieraL 

*\s r<\gards Malay metal- work, IMr. W. Tlosenliain (late of the 
Engineering Department of Cambridge University) last year read a 
paper before the Association, and 7 nore n*cently Ix'fort* the Institute, in 
which lie touclicd up<m >arious points of 3Ialay metallurgy in which 
his experience was likely to pro\e useful. His inv(*stigations covered 
a portion of my notes upon Malay kris-making, copptT founding, chain 
making, and goldsmith s work. 

InnuntrJc. 

A series of specimens illustrating the 3lalay method of manufacturing 
a waved and daiuascencd ‘ kris ' were collected at Trenggauu, together with 
detailed notes of the operation extending over three days, and photographs 
of thcj blacksmiths at work in the forg<'. I'o produce the damask a ‘pile* 
is made consisting of layers of iron : this is wt'hled into a rod, and lioated 
and twi.sted into the shape required for the dc'.^ign t>f the damask (usually 
some kind of a scroll). Tln^ scroll is laid hetwec'u other layers and weldt*d 
until tin* t*dgos of the >v(*lds of the scroll appear through the lati»r layers. 
The ‘ wa\es’ are produced by heating the entire blade and then cooling it 
with water throughout except at the point wh('re a ‘ wave ' is required. 
This portion being still rod -hot gives way on being baminered, and a 
repetition of the process witli the blade reversed makes a single complete 
‘wave.' The Malay smith uses tnol-iron, and stddom if ever smelts him- 
self ; hut in one place I was shown what 1 believe to have been 
telluric iron cropping out above the surface * of the ground, and which I 

B E 2 
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was assured was formerly manufactured into kitchen utensils, though un- 
fortunately the smith had long left the neighbourhood, and I could get no 
further information about it. The Malay smith makes all sorts of 
weapons (chiefly daggers and knives) as well as agricultural implements 
(axes and hoes). 

Co2yper^worh, 

The manufacture of copper vessels which I witnessed in Kelantan and 
other places is efteeted by the cire-porclite process, of whicli my notes con- 
tain full details. Photographs were taken at various stages of the 
operation, and the specimens include copper vessels in all stages, from the 
making of the mould to the finished article, as well as specimens of tools 
used by the operator. An alloy of tin, which is called by tlie IMalays 
‘ white copper ’ ^ (for which it may bo merely an inferior trade substitute, 
in which case the name may be a mere tradition of hUtmpg^ or ‘ tooth - 
and-egg' metal, as it is sometimes called in the trade), is cast by an almost 
identical (cire-perdne) process. 

Tin“2V07*A\ 

The trade of the tinsmith (which consists largely in the making of tin 
oil lamps) is almost exclusivtdy in Chinese hands, but certain branches of 
it form special industries. Thus the casting of chains to serve as 
weights for casting nets is a JVIalay industry, and is effected by means 
of a very ingemious mould, which after casting a first series of links 
can be taken to pieces and r('versed so as to enable a second row to be 
cast through the first, the combined series thus forming a (‘hain.^ Another 
very important allied industry consists of the manufacture of the tin 
coins or * cash,' of which every petty State on the Kast Coast once had 
its own typo, but which are fast becoming obsolete m most localiti(‘S. A 
very interesting and important point (referred to above) about the manu- 
facture of these * cash ' is that they are cast in the shape of trees, which 
are called ‘cash trees,' three specimens of which I was fortunate in obtain- 
ing ; a fact which may possibly give fresh meaning to the ‘ shaking of the 
pagoda-tree,' which was formerly so familiar a phrase with h: > :■. 

Gold and Silrer 

A set of goldsmith's tools, goldsmith's balance and weights, goldsmith's 
crucible, and other articles used in his work were obtained for the expedi- 
tion, making a very interesting series. An excellent photograph ot tlio 
goldsmith atwo!\. -h j his small portable furnace and bellows, was 
also taken, and •h-' o: ■.he methods ascertained which in this case at 
all events are clearly of Indian origin. Tlui most interesting process (of 
which full notes were taken) was perhaps that of reddening the gold, 
which is effected by artificial means, and gives it a greatly enhanced value 
in the eyes of Malay buyers. 

Cvi'pcntrij {Hoim's and JDoaiti), 

Photographs and notes were taken of the building of houses and of 
boats. The information collected under this latter head is being incor- 
porated in a monograph upon the boats of the Malay Peninsula by Air. H. 
Warington Smyth, the material being based upon iny notes and the large 
collection of Malay boats and bo:i( building models now in the Cambridge 
University Museum. 

* White metal. 


* Used; to weight casting nets. 
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Hhcatk-making ( Cabinei’-work ) . 

The making of sheaths and hilts (for knives and daggers) is a separate 
industry about which full details were obtained, together with a complete 
set of sheathmaker^s tools, including some very ingenious gauges for 
measuring the d(‘pth of the hollow in a sheath. 

Pottery. 

T saw in several places the making of the unburnt article. A portion 
of clay is separated from the hesip, moistened, and kneaded partly by foot 
and partly by liand. When sutHciently worked up it is ‘ thrown * on the 
wheel, A./?., it is placed upon the centre of the potter's wheel, which is a 
species of small turn-table resting on a finedy polish(‘d hard-wood 
pedestal or block upon which it revolves, the lump of clay in tin* centre 
being moulded by hand as it revolves with the wlieel. With considerable 
difliculiy, owing to its being thought an unlucky object to sell, 1 succeeded 
in buying one of these wheels as a specimen, together with the half forined 
vessel then standing ujam it. When the shaping process is complete the 
pots are decorated (the design being partly printed by means of the 
stamps and partly traced according to roc^uirements wdtli a small spatula 
or pointed stick), after vvhicli they are tired and piled in stacks in the open 
until the tim(5 comes for tlndr removal. Glaze is not used, but 1 have 
seen j>ots being painted with a species of dark-red stain or ‘ paint, ^ as 
the Slalays call it (made by grinding a kind of late rite and mixing it 
with water, w'lum it is applieid to tin? vessel ‘by w’ay of ornament,’ as 
the INlalays say. 

Hope and iStriny Maliny. 

A gr(‘at deal of rope and string was being m.ade at Trenggaiiu, much 
lnor(^ than in any otlie-r place visited by the expedition. Exhaustive lists 
of the sub.stanc(‘s of w'hirh the raw material was eomposed were made in 
more than lau* locality, tin* processes investigated, and seveial kinds of 
apparatus used for the twisting of the .strands, one of tliein a species of 
box with pins revolving in opposite directions, were purchased. 

Mat and Basket IVorK, 

A large number of mats and baskets w'cre obtained by the expedition, 
but it has not yet been p<»ssible to do anything towards working them out, 
though iNIr. H. Ling Rotli lias kindly offered to uudertakt* the former. 
The mats wliich were made by the w'omen were usually composed of 
woven strips of inevykaantj (screw-palm) or pandanus leaf, the latter pro- 
ducing th(^ finer article, but various other vegetable substancei? were used. 
Eor the mat-woi*k wall-screens of a hemse tlatleiied stems of bamboo w^ere. 
eoinbinod to form many sti iking patterns, wdiilst for the waK screens of a 
rice barn 1 he flattened .^U'ln of u creeper was used. Alat-w'ork was also 
largely used for sails. When the strands, wdiich are made by slitting up 
the leaves into strips with a toothed instrunu'nt, are dry enough, the 
operator, sitting on the floor of her house, pressc*s down the even strands 
with h(*r foot or a ruler- like implomciit constructed for the purpose, at 
the sain(^ time lifting up tlie odd strands under w hich she proceeds to push 
the even ones with a species of wooden bodkin. IMany of the sleeping 
mats we saw (e.^., tlios(i on the Ariiig liiver) were of beautiful workman- 
ship, and found a ready market in the East Coast States. Baskets are 
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made of bamboo, many other vegetable substances, and though 

they are as a rule i^ade plain are not unfrequently (especially when 
used for holding decorated with tasteful patterns. 

Spinning and Weaving, 

The set of apparatus used for spinning and weaving forms one of the 
most valuable series brought back by the expedition. The spinning 
industry is already as nearly as possible obsolete, being only practised by 
the poorest of the poor in out-of-the-way jungle districts, and the 
implements when seen had to be purchased at sight for \vhatev(‘r their 
owners would accept in payment, as there was but small chance of meeting 
with them again. The cotton is first passed through a small hand-mill or 
gill (of which two specimens were obtained) for the removal of the hard 
black seeds. It is then scutched by means of a small bow (one specimen 
purchased), the string of which was twanged witli a short piece of bamboo 
(also purchased), flattened, and rolled a little on a special board with a 
specially made rolling-pin (both purchased), spun oft* on the. point of a 
spinning-wheel of the Indian (Behar) type, and wound olF on to a winder 
(purchased), stretched on a rack (purchased), dipped and brushed with 
the fruit of the nipah-palm (brushes purchased), dyed and transferred to 
the spools which were hung on a spool-carrier (also purchased). So far 
as the spinning goes there does not seem to have been any important 
divergence from Indian methods. The w.irp hivini:. however, appear.s to 
be done on a system for which I have as yet failed to find any parallel. 
In India (Dacca) two parallel rows or rods about four feet apart are 
planted in the ground, and the warp-layer, holding a small wheel of warp 
yarn in each hand, passes the latt(T over one of the parts, and tlien walks 
along the rows laying down the threads and crossing them. In parts of 
Sumatra this Tuethod may, 1 believe, be seen, but the IVtalay warp-layc^r of 
the Peninsula, on the other hand, arranges the spools in an elongated frame, 
which may be compared to a ladder, of which the spools form tlici steps or 
rungs. This frame or spool-ladder is suspended horizontally fi-om the 
roof-timbers of the bouse, and on the floor b(meath it is deposited a second 
frame, which consists of a number of long pegs (probably corres]>onding to 
the rods used by the Indian method), which are fitted firmly into a couple 
of boards, the distance between which may be varied by shifting a centi al 
board which runs between them. Round the pegs just referred to tlie 
warp-threads are laid, the threads being drawn down as ro(iuired from the 
spools lying in the frame above the warp-layer’s head. Jt will bo 
interesting to discover a parallel to this process, which is, I believe, widely 
known among Malayan tribes. 

The Malay shuttle again presents a markf^d divergence fi’om the 
Indian type, though the methods of pattern making (by tying and dyeing 
the threads, (fee.) appear to be similar to Indian metliods, and are identical 
with those followed in other parts of the IVIalay region, in Borneo and 
Sumatra. Throughout the Siamese- Malay States I collected specimens 
illustrating the various stages in the process of dyeing, to show the 
arrangement of the threads in the formation of the favourite Malay 
check -patterns. In order to complete the series I purchased a Malay 
loom, with the cloth in process of making, which is now with the rest 
of the ethnographical specimens brought back by the expedition. The 
specimens also include embroidery and needlework frames. 
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Miscolla'iieous Industries, 

Other interesting industrial specimens which were obtained were (1) 
the grooved hard-wood block on which waxed cloths are polished by means 
of a cowry shell, the pressure being applied by a springy rod, the upper 
end of which is made fast to one of the roof timbers (cowry shell, rod, and 
cloth also purcliased, and photograph taken of operator), to which may be 
added (2) an oil-p!*e.ss for manufacture of cocoanut oil. (3) Model of a 
sugar-cane press, worked on an ingenious elaboration of the cog- 
principle. ( 1) A tobacco-cutting inaciune. The tobacco leaf is pushed 
along a specicis of shallow trough till it reaches a hole (at the end of the 
trough), and is then sliced off with a sharp knife as it is pushed through 
the hole. 

Of non-industrial specimens I may specially mention the scjtsof Malay 
fighting-cock spurs and the series of Malay instruments of music, 
including Malay fiddles, flutes, and the primitive instruments made of 
bamboo which are found everywhere among J ungle -Malays. I may here, 
too, mention tlie phonographic records (so kindly undertaken by Dr. Lloyd), 
most of which wei*('- r(‘eords of the songs of the aborigines, though a few 
were those of Jungle -Malays. 

Prisons and Instruments of Torture, 

The system of coiiGiiing prisoners in small cages or kennels about 
6 feet by 2 feet by 0 feet is rapidly becoming obsolete, but still lingers 
on in a few localities. \Vc brought away with us most of the typical 
furniture of a Malay lock-up, including the huge bamboo yoke, or ‘ cangue,* 
which the prisoner wears round his neck on his way to jail, and which 
consists of a coujde of big bamboos about 10 feel in length fastened 
together with [uns. In addition to the cangue wc‘re obtained (1) a small 
beam which served as the local ‘ stocks ’ ; (2) apparatus for compressing 
(crusliiiig) the thumb or great toe ; (3) apparatus for compi*essing 
(crushing) the ti'm})l<!S, a species of big nutcrackers the application of 
which to the victim\s skull is said to have been frequently fatal; (4) 
apparatus for strangling condemned criminals, (o) Photographs were 
also tnken of two men who had their hands and feet lopped off for theft, 
as well as of a number of prisoners wdio were confined in the kennels above 
referred to. 

CcremoJiial Pites and Games, 

A number of objects obtained by the expedition were connected with 
ceremonial rites, especially marriage and circumcision, about both of 
which ceremonies a large body of information was obtained. 

(lames were also carefully studied, full descriptions of many of them 
being taken down as they were performed. 

Popular lieliifion and Folklore, 

A large number of the specimens and notes collected fall under this 
heading, and th(*se it is my intention to compare with the contents of my 
book on Malay magic as soon as the opportunity oflers. The notes taken 
may be classified as follows ; — 

(1) Folk-tales and fables. 

(2) Specimens and notes relating to popular religion and magic. 

(3) General mythology and superstitions. 
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Of the foregoing (1) a small selection of the best fables and folk-tales 
has been made, and will now shortly appear, under the auspices of the 
XJnivei‘sity Press. It is entitled ‘ Fables and Folk-tales from an Eastern 
Forest.’ (2) The notes on religious ceremonies include detailed descrip- 
tions of the rites connected with marriage, adolescence, and death ; annual 
ceremonies for the expulsion of evil spirits from the villages by means of 
spirit-boats ; invocations of the elephant-spirit, &c. ; hunting, fishing, 
and trapping charms, and ceremonies performed by the medicine-man both 
for purposes of divination and for the expulsion of evil spirits from sick 
persons by means of good ones, as well as various spiritualistic perform- 
ances such as the fish-trap dance, which was witnessed in several j)laces. 

Other of my notes describe the expulsion of evil spirits from inanimate 
objects, fruit trees and crops, as well as various methods of working 
upon nature by means of ‘ make-believe,’ /?.//., by the ceremony of taking 
the rice' soul, by ceremonies for the production and prevention of wind 
and rain, ik j. 

This latter class includes a great many notes on superstitions about 
natural phenomena, birds, beasts, ttc., which will be valuable for pur- 
poses of comparison with the beliefs held by the West Coast Malays. 

Ahoriyines, 

In order to deal with my notes upon the wild aborigines, I have 
planned the outlines of a book, which I hope to publish at no very distant 
date, in which they will be incorporated together with much of the 
information previously collected by myself on the same subject as well as 
that obtained from other writers. The information collected during the 
expedition consisted of notes on physical characteristics, dress, ornaments, 
weapons, hunting and fishing, food and cooking, ag^icultur(^ and arts, 
music, songs and dances, wedding and funeral ceremonies, medicinal and 
other notes, mythology and superstitions, magic and religion, vocabularies 
and language, and a variety of similar subjects. 

A chapter on the measurements taken and the physical charact(*ristics 
of the aborigines is being worked up by Messrs. W. L. 11. Duckworth 
and Laidlaw. The ph(>nogra[)hic rec<>rds of their songs have been sent to 
Dr. R. J. Lloyd, of Liverpool, the well-known phonetician, who has 
already commenced work upon thmn. The vocabularies and grammatical 
notes (the former consisting, I believe, of several thousand words) have 
been sent to Mr. C. 0. Blagden, who has kindly undertaken to write the 
chapter on the language. 

IVirrms, 

As regards the Book of the Phrams, referred to in my last report, I 
regret to say that I am not yet able to report much progress. The only 
evidence as yet forthcoming lias been of a negative character, though it is 
nevertheless by no means without importancf*. The Pliram-lmok has been 
examined by Dr. Grierson, of the Linguistic Survey of India, who has 
pronounced it not to be composed in any Indian dialect. What appears 
to be required for its decipherment is a combined knowledge of Siamese 
and Sanskrit, or Pali, a combination which has hitherto proved not very 
easy to encounter. 
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Silchesier Excavation,— Report of the Gommiltec^ consisthuf of Mr. 
Arthur J. Evans (Chamnan), Mr. J. Ij. Myres (Secretfrrif), 

and Mr. E. W. BraRROOK, appointed to co-oj)erate with the Sil- 

Chester Excavation Fuml Committee in their Excavations, 

The Committee have to report that the excavations at Silchester in 1900 
were begun early in May, and continued, with the usual break during 
the harvest, until December 4, 

The excavations were confined to the large area, containing in all 
S ncros, situated between Insula XU (excavattid in 1894) and lusnla 
XXII (excavated in 1899), and extending up to the north gate and town 
wall. The area in question contains four insula, which have been 
numbered XXI 11 to XXVI. 

Insula XX III formed the northernmost of a series of unusually 
large sejuares occupying the central portion of the town. A fair-sized 
house at the south-west corner was uncovered by the late Rev. J. G. 
Joyce in 1865 ; the recent excavations hjive revealed an additional series 
of chambers oti the north-east. Another house of large size with several 
mosaic pavements was also uncovered on the east side of “the insnla, and 
in the mouth of its courtyard was a small square building which may 
have been devoted to sacred purpo.ses. This had been built up round a 
small and earlier structure of the same chaiacter. The other traces of 
buildings in this insula, despite its size, were singularly scanty, but the 
rubbish pits and wells were unusually productive in objects of interest. 
In pottery these yielded upwards of a hundred whole vessels of all kinds 
and sizes, and from one of the v/ells was recovered another great hoard 
of iron tools, mostly a smithy similar to that found in 1890 in Insula I, 
but considerably larger numerically. 

Insula XX 1 V forms a long and narrow triangular strip, bounded on 
the north by the town wall and its bank. 8uch strips have hitherto 
proved more or less empty of buildings, but in this case it contained two 
houses, one of which was of large size and of exceptional interest from 
the peculiarity of its plan and the number of mosaic floors in it. 

Insula XXV, a small triangular area next the north gate, contained 
only two small .structures, apparently connected with dyi'works. 

Insula. XXVI, though of some size, had in it at least two houses : 
a small one on the west, and another in the south-east quarter which 
was partially uncovered by JMr. Joyce in 1866. Its complete plan has 
now been revealed. There are .also traces of a ruined hou.se near the 
south-west angle. Besides the houses, hisula XXVI contained traces 
of at least three other structures. One of tlaun was represented by a 
solid circular platform with a cement floor 27 feet in diameter, enclosed 
apparently by woodwork or half-timbering. The pit and wells in this 
insula were, few in number, and yielded few objects of interest. 

Taken as a whole, tlu^ results of the season’s work were fully up to 
the average, both in the character of the buildings uncovered and the 
variety and number of objects found in and about them. The quantity 
of pottery and the hoard of smith’s tools are also quite exceptional. 
The objects in bronze, bone, also include many interesting things. 

The coins found were as numerous as usual, but not very important. 

A detailed account of all tlie discoveries was laid before the Society of 
Antiquaries on May 23, 1901, and will be published in * Archwologia.' 
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A special antiquities, <fec., found was held, as in 

former years, at House by kind permission of the Society of 

Antiquaries. 

The statement oi shows a total expendi- 


ture of 557?. 35. 7c?. ' . i. 1 

It is proposed, dur^^S current year, to excavate a strip of ground 
east of Imulca XXI XXII, and, if possible, to begin the systematic 
exploration of the field in the centre of the town. The Committee 
therefore ask reappointed, with a further grant. 



Anthropological Photographs, — Interim Report of the Committee^ con- 
sisting of Mr. 0. H. Read {Chairman), Mr. J. L. Myres 
{Secreto/ry), Mr. H. Balfour, Professor Flinders Petrie, Dr. 
J. G. Garson, Mr. E. S. Hartland, and Mr. H. Ling Roth, 
appointed for the Collection, Preservation^ and Systematic Registra- 
tion of Photographs of Anthropological Interest. 

The Committee report that further progress has been made in the 
collection and registration of photographs of anthropological interest, and 
that a first list of photographs is in course of preparation. The Com- 
mittee ask to be reappointed, with the balance in hand from the former 
grant of 10?i 
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The Af/e of Stone Circles. — BepoH of the Committee, consisting of 
Dr. J. fj. (Jahsox (Chairman), Mr. 11. Daleour (Secretary), Sir 
John Kvans, ilr. C . II. Head, Professor R. Meldola, Mr. A. J. 
liVAXS, Dr. J{. Ml'XKO, Professor Boyd Dawkins, and Air. A. L. 
Lewis, ajijiouded' to conduct Eiqdorations triih the object of Ascer^ 
taining the Age of Stone Circles. (iJraivn vp by the Chairman.) 

The Committee have to report that after careful consideration of the 
various stone circles in different parts of the country that of Arbor Low 
in Derby shii*e was fixed upon as the most convenient and suitable for the 
exploration which the grant at their disposal would permit of being 
unclertakcm, a well marked ditch and rampart surrounding it, w^hile the 
circle itsedf is fairly coiiiplett^ as n^gards the stones forming it, although 
none of th(‘se are now standing. The consent of tlie ground landlord, 
the Duke of Rutland, was freely given for the exploration, as was also that 
of the First Commissioner of Works, under whose care the circle is placed 
as an ancient monument under the Act of Parliament. The tenant of 
the farm, Mr. Wari ilow, likewise readily acquiesced in the project. The 
Committee were fortunate enough with the consent of the chairman and 
committee of the Taunton .Musmim to secure the s(‘r\ices of Air. H. St. 
Ceorge Cray, the curator of that museum, who has had much exj)erience, 
acejuired under the late Cencral Pitt-Rivers, to direct the e.xploration. 
Finally, through the kindness of Air. A. Pitt- Ri\ i‘rs, the excellent 
apparatus used by his fath(*r in his excavations was placed at their dis- 
posal. To one and Jill of these gentlemen the best thanks of the 
Committee are due for the part they have taken in facilitating the exami- 
nation of this important and interesting monument of antiejuity. 

The following is the report submitted to the (committee by Air. Cray 
which gives an acccmiit of the work conducted by him, after which follow 
reports by Air. II. Balfour on the stone implementb found, and by Dr. 
Garson on the human remains. 

On the Eircacations at Arbor Low, August 1901. 

By Ji. St. Georok Gray. 

Arbor Low is situated in one of the most sparsely inhabited districts 
of Derbyshire, iji the parish of Bakewell, from wdiich tow^n it is 4;} miles 
distant in a soutli-westerly direction Jis the crow" flies. The nearest 
railway station is Parsley If ay, one mile to the w"est, on the new’ Buxton 
and Ashbourne Railway, llartiiigton is miles to the S.W. of Arbor 
IjOw, Middleton 2] miles to the east, and Alonyash 2 miles to the north. 
The monument, which is situated on a long ridge of hill nearly 1,200 
feet above the sea-level, commands a most extensive view towards Buxton 
and Bakewell, in a north(»rly and ea.sterly direction. 

Preliminary arrangements having been made and the workmen having 
been directed to remove turf in various places, the first thing to do was 
to begin a complete survey of the monument. A square (98 metres = 820 
feet on each side) was formed round the vallum, enclosing an area of 
about 2^ acres, and the plan of the stones was commenced at a scale of 
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240 to 1 (=20 feet to an inch). The exact position of each stone was 
taken by means of bearings and triangulation from fixed points, cliecked 
by cross<measurements. The plateau on which the lie is 

encompassed by a fosse, and averages about 49 metres in diameter. The 
figure formed by the circle of stones is pear-shaped, the top of the pear 
to the south-east, the point to the north-west. It consists of rough 
unhewn stone slabs of mountain limestone, of which many of the largest 
average 3 metres in length by 1**'*40 in breadth : they are of variable 
thickness, extremely irregular in form, and some are fractured ; they all, 
with one exception, lie upon the ground, many in a somewhat oblique 
position, all more or less recumbent. The wi*atliering of their surfaces, 
the cleavage, the ‘ pot-holes ’ in them, are intensely interesting, especially 
to the geologist. In giving numbers to the stones (Nos. I. to XLVl., 
in the plan) there is no pretension made to count the original number of 
the stones as put into position by the constructors of the monument ; 
they are simply numbered to facilitate reference and to distinguish 
one from another in describing them. of the very small stones 

and stumps have been numbered separately (Nos. 1 to 13). The 
position and slope of the stones individually are t‘xtremely varied : 
the majority lie in shallow depressions, although some are <juito on a 
level with the general turf line ; others, again, are sui i’ounded by slight 
mounds, the turf in many cases growing round and over the sides of the 
stones. The longest stone is in the centre of the circle (No. II.), which 
measures 4’"*57 in length, whilst the widest is also in the centre (No. T.), 
2"'*44 in width. The largest stone in the rirch' is No. X., the length 
of which is 3”'-9G, and the width 1“'*83. There is one exception to the 
stones being recumbent, and that is No. XVI., on the west sidt', which 
leans towards the north-east at about 35^ or 40° with the surface of the 
surrounding turf : it stands at its highest part from tlui ground. 

It would be de.sirablc to excavate round some of the stones of the. circle 
to endeavour to find holes in which th(‘se monoliths may have originally 
stood. This kind of thing has been done in the exploration of circles 
on Dartmoor. Dr. Pegge mentions an old man who saw some of the 
stones standing,* and Mr. Bateman another.'^ Glover, in his ‘ History 
of the County of Derby,'* mentions a third, and tersely adds that ‘this 
secondary kind of evidence does not seem entitled to much credit.' 

The published plans of Arbor Low are for the most part far from 
correct, 6ir J. G. Wilkinson's plan being the only exception.* Tii this 
small plan the position of the circle of stones is fairly corn^ct, although 
there are several discrepancies in the proportional sizes of the stones, and 
the central group should be a few feet further north-west and west. 

The area, or plateau, enclosed hy the fosse })reseiits a very unr.von 
surface, but the contours across this part of th(' plan have been delineated 
to follow the general slope of the ground, and not to mark every little 
depression or slight elevation as it occurred. The contours, of O'o foot 
(IT) cm.) vertical height, show the shape of tlic monument and its 
immediate surroundings within the ‘ sejuare.' The highest contour comes 
on the top of the tumulus on the south-east rampart (opened by Bate- 
man), the lowest, at the northern corner of the survey, showing a fall of 
7*“*47 in the ground from top to lowest part. It is not unusual to take 

‘ Archceolofjia^ vol. vii. pp. 131-148. 

* Journ, Brit. Arch. Assoc.^ vol. xvi. p. 116. 

• Published in 1829, vol. i. p. 276. * Journ. Brit. Arch. Assoc, ^ vol, xvi. pi. 9. 
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levels on fixed lines giving contours of 1 or 2 feet (30*5 or fil cm.) vertical 
height, and to fill in intermediate 15*2 cm. ((3-inch) contours by the eye; 
but to ensure absolute precision, to show the little knolls and depressions 
on the vallum at the south-west, north, and east, to mark the irregu- 
larities made by Bateman on the summit of the tumulus, to indicate the 
little dyke running in a .southerly direction from the vallum— it was 
desirable that all the 6-inch contours should be surveyed severally, which 
entailed the necessity of taking some eighteen hundred levels ! 

The periphery of the crest of the vallum constitutes almost a true' 
circle, with a diameter of exactly 76*«-25, as shown by the outer circle 
described on thp plan. The centre of this circle comes near the middle of 
the south-western side of stone, No. TII. of the central group. The crest 
of the vallum deviates very .slightly in any part from the true circle 
excepting on the north-west, wliere it bulges out. The bottom of the 
fosse, as seen on the surface of the silting, declines from the line of the 
true circle far more than the rampart, as shown by the inner circle 
described on the plan, with a diameter of oS metres ; the only segment of 
this circle that can be said to be true is on the south, south-west, and 
west. The ditch is thrown out far more than the rampart to the north 
and nortli-west : lut it would not be expected to find that the fosse silted 
up regularly and symmetrically all round, whereas the crest of the ram- 
part, of cour.se, is much about in the .same position as it was at the age of 
construction. 

Tlie ditch was marked by a depression from the original surface all 
round averaging l'“-37, and it is .surprising that in the course of all 
the.so ages it should not have silted up to a greater extent ; had the monu- 
ment been situated in a chalk district, the ditch would probably have 
been indicated by a much shallow(»r depression on the surface. 

The average height of the ^ allum above the general surrounding turf- 
level is 1*“’S3(G feet) —Dr. Brushfield states 1(3 feet, i.c., Judging 

from those portions of the ditch already excavated, the material obtained 
from the fo.sse when it was first excavated was not enough to form the 
vallum, but the. construction of the latter will be mentioned later on 
when dealing with the excavations. The confines of the rampart are 
bounded at various points by ten small Governmental stones. The fosse 
and vallum are interrupted on the north-west and south-east by the 
entrance cau.seways, which are not in lino with the central group of 
stones. The causeways arc on the same general level as the area occupied 
by the ni(’galitlis and the. surrounding land. The circumference of the 
rampart, includiug the entrances, is about 246 metres. 

The. vallum i.s joined on the .south-west by a slightly raised bank — 
about 30 cm. in height— -and an almost imperceptible ditcli, which runs 
for soTiH' distance in a southerly direction. Jt would be desirable to cut 
a section or two across this so-called ‘ serpent,* to asc(*rtfun if it is of the 
same date of construction cas Arbor Low itself, or more recent. 

On the .south east, adjoining the external face of the vallum and partly 
resting on it, a tumulus stands, the .summit some 2"**13 above the sur- 
rounding turf h?ve1. ‘Between 1770 and 1821 three unsuccessful 
attempts had bcon'madi' to discover an interment, but a fourth, made, by 
Mr. T. ]hitoinan on May 23, IS 1.5, resulted in its discovery. About 
46icin. above the natural soil a large slab, l"'*r)2 broad by 91*5 cm. wide, 


’ Jonrn. Brit* Arch^ Assoc,, 1900, p. 129. 
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was found to be the cover to a six-sided cist, constructed of ten pieces of 
limestone of different sizes placed on end, and having a floor formed of 
three other pieces, these, like the rest, being untooled. No soil had pene- 
trated the cist, and its original contents had been undisturbed. These 
consisted of two small urns (one 11*4 cm. and the other 1*2 cm. high), 
calcined human bones, a bone pin, a small Hint weapon, and a piece of 
iron pyrites.’ ^ Mr. Bateman never took the trouble to fill in his excava- 
tion properly, the result being that five little knolls exist round the top of 
the tumulus bounding a rather deep depression in the centre. In addition 
to this he threw some of his rubbish into the ditch, as indicated by tho 
contours on the plain. The formation of this tumulus, which is probably 
of somewhat later date than tho vallum, has caused a gap to occur in the 
vallum on either side of the mound. There is also another irregularity 
in the form of the rampart to the north of tho tumulus, caused by a kind 
of spur which extends half-way across the fosse. 

The photographs of the diggings on the whole are not quite sati.s- 
factory, although some of them could not well have been better under the 
circumstances, unfavourable weather prevailing at least for one-third of 
the time. The photographs of some of the ‘ finds,* the skeleton, and skull 
portray the originals excellently. 

Excavations. — The excavations were commenced on August 8, 1901, 
by making a cutting through the ditch, 3“**GC wide, close up to the 
south-eastern causeway (called Section 1). Roman remains were looked 
for under the turf, but without success. Tho silting was re-excavated 
30 cm. at a time as far as practicable. Strewn on the limestone floor of 
the ditch thirteen teeth of ox were found, and on the bottom in tho 
north-west corner of the cutting, at a depth of I*”*!)") from tho surface 
(*2 on plan and section), pieces of red deer’s antler -one piece 38 cm. 
long — were found resting on a solid vein of clay (running between the 
limestone), which traversed tin* bottom of the ditch obliquely and con 
tiiiued both ways in south-easterly and north-westerly directions. It 
appears probable that this may have been used as a kind of pick for 
loosening the previously fractured limestone at the time the ditch was 
first excavated, in the same manner as the antlers of the Sfoiu' Age 
described by Canon Greenwell in Crimes Graves.- Fifteen fragments of 
aTitlers of red deer were found by (xeneral Pitt- Rivers at th(^ bottom of 
the ditch of Wor Barrow, Handley Down, Dorset, amongst Stone Ago 
relics.'* Nothing else was found in Section 1, which was (he deepest part 
of the fosse re- excavated ; greatest depth The filling consisted of 

turf and turf mould, 15 cm. ; mould inixeil with small piei'cs of chert, 
4G cm. followed by a stiff’ clayey mould to (he bottom. The nature} of 
tiiib latter is well shown by the pi(;k-marks in the photograph. The 
hard stone sides of the ditch and causc'way were exposed. 

Sections 2 and 3 wore next commenced. Sciction 3 was a i ut ting, 
3*“'05 wide, made across the ditch, midway b(}twecn Section 1 and thci 
north-west causeway. Tho silting was very soon removed in this case, 
the uneven limestone floor being found at a maximum depth of 55 cm. 
and a minimum depth of 33 cm. from the surface of the silting. Tlio 
vallum at this point was particularly high. Tlirec stone implements were 

* From Dr. Brashficld’s paper, Journ,. JiriL Areh, Assoo., vol. vi , nev series, 
1900, p. 134. 

- Journ. Ethnological Soeinty, vol. li. p ‘12r> 

® Excavations in, Cranhorne Chase, vjl. h. p. 133. 
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found in this cutting. At ‘ 3 ’ on plan and section, at a depth of 36 cm. 
a rudely chipped pointed stone implement (? spear-head), having a plano- 
convex cross-section, length 61 mm., greatest width 4-1- mm. ; at ‘6^ a 
worked flake of black flint with fine secondary chipping at a depth of 
15 cm ; and at ‘ 7,' at the same depth, a chipped end-scraper of greyish 
flint : this implen>, at is of the long narrow variety, witli a notch on 
both sides. At Sfeition 2, about 4’“*88 to the west of the north-western 
causeway, another cutting, 3"'*05 wide, was made through the ditch and 
the rampart. The vallum svas chosen at this point, as it presented an even 
surface, and being comparatively low and narrow it would not entail so 
much labour in removing. No relics were found in this cutting, except 
a small doubtfully artificial stone scraper pi(‘ked up on the ‘ old surface 
line ’ (4 on plan and section). The absence of relics in this section was 
very disappointing. ‘ The cutting, however, was of value in showing the 
material out of which the vallum was constructed and has been plotted in 
section, on the scale, of 60 to 1. Measuring from the crest of the rampart 
downwards, the soils, il^c., occurred as follows *(1) Turf and turf mould, 
15 cm. ; (2) rough pierces of thin-bedded limestone mixed with a little 
mould, 1)S cm. ; (3) band of small pieces of chert wdth a little mould, 
9 cm. ; (1) yellowish-brown clayey mould, 15 cm. ; (5) ‘old surface line* 
of dark brown mould, 9 cm. ; (6) light-ycdlowish brown sand. The 
grojitest depth of the ditch in this section was 76 cm., and it was 
filled to the bottom, below’ the turf mould, wdth mould mixed with 
small pieces of chert. This part of the ditch having ])een laid bare, the 
re-oxcavalion of the ditch was continued from this point in the dir(*ction 
of th(' north-west causew'ay, the hard stom^ sides of which w’ere found. 
As stone relics wtu’e more numerous here, and the bottom of the ditch 
w^as far more irregular than in Sections 1 and 3, surveys were made in 
various directions, and have been plotted to a scale of tiO to 1. The 
average depth of the ditch herew’as9I-5 cm. fiom the surfjuM*, and the 
nature of the filling w’as the same as in Section 1. The following is a list 
of the finds in this part, called ‘Ditch Extension, Section 2 .' The 
numbers tally with those on tlie jdan and in sections. 

5. Small flint flake, with fine secondary chij>piiig ; ilepth 21 cm. 

8. Stone .scraper, with h<' veiled edge, .‘»6 mm. in idth ; deptli 
36 cm. 

10. Outside flake of flint, with secondary chipping in tw’o places ; 
depth 21 cm. 

1 1. Klint, chipped .along the edge ; depth 21 cm. 

12. Two ])ieces of chert, with secoiularv chip])ing (?) ; depth i:! cm. 

13. b’lint flake, with .serralcfl edgi‘ ; de]»tli -16 cm. 

II. Small narrow scraper of llint, worked all round edg(‘s ; depth 
13 cm. 

15. Large llint scraper, of ])ale bluish-grey loloiir, witli eliijijiod 
bevelled .semicircular ('dge and pointed end ; piano (*onve\ cros.s-.«(‘ction • 
depth 70 cm., near the bottom of the ditch. ^ 

17. Six flakes of white Hint, mostly of exceptionally large size, found 
together, in the ditch at a depth of 82 cm. from the surface, on a ledge 

' General IMtt-Uivcrs once cut four sections, 10 feub wade, through the rampart 
and ditch of a lirouze Age encampment without finding a relic woi ah meutioning • 
but ho did not despair, and forthwith commenced to dig away the rampart and 
ditch all round, being rewarded by finding bronze implements and much pottery. 
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on solid side of causeway in the north-east, corner of the ditch extension, 
Section 2. These flakes must have been placed on the ledge and for- 
gotten, eventually becoming buried in the silting. 

«T ust to the west of this ledge a small oval-shaped hole in the lime- 
stone floor of the ditch was found, filled with a stitt* clayey mould, but 
no relics were found in it. Other doubtfully artificial pieces of flint 
and chert were found in this excavation, some of which need to be 
examined by the geologist as well as the archaeologist : they have been 
preserved. The only animal remain found hero was a tooth of sheep ; 
depth at 21 cm. 

The excavations made in the fosse revealed nothing but early 
Neolithic chipped stone implements, the majority of which were found 
below the 30 cm. level from the surface. It would be, however, some- 
what rash to state on these grounds alone that the ditch was undoubtedly 
of Stone Age construction, although the evidence certainly points in that 
direction, for only a comparatively small portion of the whole fosse at 
Arbor Low has been explored ; in fact, only one-twelfth part. It would 
be safe to assign the construction of Arbor Low to a definite age, if, 
say, one-fourth part of the fo.sse were re-excavated ; and the somewhat 
inconclusive nature of the evidence at present seems to point to the 
desirability of further excavations being made in the most systematic 
and skilled manner possible. 

Before leaving the ditch it should be stated that its average width at 
the parts already excavated is and the average depth of re- 

excavated ditch beneath surface of silting, 

The remainder of tlie time and funds were expemled in troiudiing 
down to the undisturbed rock in the centre of the circle, between the two 
large stones. Nos. I. and II., and further in an t^asterly direction. The 
area excavated, which covered a very irregular surface, measured 10'“ G7 by 
2"'’12, and is marked on the contoured plan. To the west a stump (No. 1 3) 
was found under the tui-f standing in a leaning position towards the north- 
east. At ‘ 19,’ the only fragment of pottery was found at a depth of 1 5 cm., 
just under the turf : it consisted of a fragment of rim of llomano-Britisli 
pottery, grey on the outside and brick-red on the inside. Close to and 
between Stones 1. and II. (20 on plan), a small chipped flint implement- - 
length 33 mm., width 28 mm. — approaching a leaf- shaped arrowhead in 
form, was found at a depth of 27 cm. : it has a bi-convex cross section. 

The primary idea in making this excavation was to see whether holes 
could be found in which Stones I. and II. originally stood ; but no hol(‘s 
were found between these stones ; in fact, the undisturbed ground in this 
part was struck at about 52 cm. from the surface. To the east of 
Stones III. and IV. there were signs on the surface of this pai*t having 
been excavated before (in somewhat recent times). The rock wa.s 
reached here at very variable depths, and at the extreme oast an excava- 
tion 2”*’40 deep was made before the undisturbed ground was struck. 
The hole was filled with rich mould mixed with a little chert. No relics 
were found, except a fragment of human ulna (9 on plan) at a depth of 
15 cm. It is possible that a skeleton or skeletons may have been removed 
from here, and that this ulna was lo.st in the filling in. If this part had 
been excavated before there were no signs of the ground having been 
disturbed to the west of the small stone, No. IV. Here, close to 
Stone III., a human skeleton was discovered ; the rniddh*. of his body (a 
fully adult male) was situated l*"'83to the south-east of the centre of the 
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tircle. It was discovered on August 16, but as Mr. Henry Balfour was 
expected to visit the diggings next morning,^ the men were directed to 
cover it up. Next morning the skeleton was uncovered and cleared in 
order that it might be photographed in situ. It was an extended inter- 
ment, the skull being at a depth of only 36 cm. from the surface. The 
skull, which was much crushed and weathered, was found on removal to 
be in forty to fifty pieces ; some of the facial portions and sides had 
unfortunately decayed, so t.iat its restoration could not be made quite 
complete ; the lower jaw was not present. Other parts of the skeleton 
were missing, including the condyles of the femora, the tibiae and fibuhe, 
one patella, the feet, and hands. The end of the left femur came close 
to the south-east corner of Stone No. III. The skeleton, which was 
buried in pure mould, lay on the back, with the face turned slightly t(» 
north east, and was surrounded by large blocks of stone built up on the 
south, west, and north sides to within a few centimetres of the surface ; the 
ends of all the long bones were much decayed, the head was to the south- 
south east ; the beai-rng along vertebral column was 104.^,® IS. ; the length 
from the top of skull to the lower end of femora was 

The approximate length of the left femur is about 453 mm., which 
gives a stature (by Kollet’s method) of 1“*GG. This is above the average 
of a Stone Age man, and below that of a Bronze Age man.‘^ The skull 
has been restored as far as possible, and turns out to be nicsati- 
cephalic, or medium-headed, with a cephalic index of about 78*0 ; 
so that this interment appears to be of later date than the construction 
of Arbor l-iow, but how much later it is difiicult to say, no relics having 
been found with the skeleton. Dr. (larson will no doubt make a report 
on the skull : and as the meatus auditorius is present on both sides, and 
the basioii also, the majority of the usual measurements can be taken. 

At 77‘“*SO to the east south-e.abi of the ccuitie of the monument is 
a small tumulus which appears to have been reduced in height owing to 
agricul: urr. As tliis may probably be connected with Arbor Low it has 
been sur^eyed to a scale of liK) to I, with contours of 6 cm. vertical 
height. A cutting was conimenc(‘*l on the north ; but .as mould was 
found to extend down to a depth of B“*G8 in places, and it promised to 
be rather a large undertaking when fiimls were nearly exhausted, the 
work had to be rclimiuislied, at nuy rate ft>r the present. One flake was 
found near the surface. 

|)r. Brushtield's opinion, expressed two years ago, as regards the 
probable. Jige of Arbor Low was that the inonuuiont belonged to the 
Marly Neolithic Age. Judging from the nature of the relics already 
discovered and their positions, there is some reason for referring it to at 
least some part «>f the Neolithic period ; but the evidence deduced can 
scarcely be regarded .as conclusive, and we can hardly consider the 
problem as to the date of ctmstruction decisively solved as yet. Neither 
has the original position of the central group of stones been determined. 
One thing, hoNvevcr, is certain, that Arbor l^ow has been used as a place 
of sepulture. 

* Mr. A. L. Tjcwis visited the excavations on August IK and Dr. Garson on 
August 22. 

* The secondary interments, Romano-British, in "Wor Barrow (Stone Age), 

Handley Down, Dorset, averaged in stature. 
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ARBOR LOW. [August 1901.] 

Short Descriptions of Stones as numhered on the Plan, Kotk. — The 

length and breadth of the Stones can he ascertained from the Plan, 

Stone J.— In centre, nearly flat, broken in two at N.W. end. Slopes a little to \\\ 
At E. point it stands 1.J foot from turf. It also btiinds I.J foot from turf on W. side, 
but there is a trench along this side of the stone. Surface fairly smooth. There is 
a small flat stone to E. (not numbered), which is only about an inch above turf. 

Stone II, — Near No. I., nearly flat, but sloping a little towards W. to turf lino. 
It is about 10" above turf on E. side. The slab is rather thicker at the N. end 
than at S. end. 

Stone III. — To the S.E. of No. II , flat, sloping very slightly to E. Pitted sur- 
face. The huaaan skeleton was found close to S E. ot this stone ; in fact, the left 
femur almost touched the stone 

StoTie 1 V — A small stone to N E. of No. III. Slopes rather considerably towards 
S. ; only about 2" above tutf all round. 

Stones V., FJ., a?id VII. — Photographed together from S. In a group, the 
nearest stones of the circle to the S. causeway. A considerable dcprebsitm in turf to 
S. of No. V. At >S. end this stone stands about 2 feet above average turf level, and 
it slopes gradually to turf on N. The under-surface of st one at H. has been much 
polished by the rubbing of slicep, &c. No. VII. slopes towards N., and is fractured 
in two places. It is somewhat thicker at N. end than at tS., where it is about 1 foot 
from turf. No. VI. is a fractured stone about 0" thick, which stand.s on end 
between Nos. V. and VII., leaning slightly to W.* 

Stone VIII, — Lies in a slight depression at about 9" above level of turf, in 
depression all round ; slightly higher in the middle. Pitted and rough, but ‘ pits * 
are not very frequent, large but not deep. 

Stump 1. — Between Stones IX. and X. Stands about 1 foot from turf level, and 
leans a little towards centre. 

Stone IX, — Flat, sloping, slightly towards ditch on S.W. Stands 1 J* foot from 
turf on S W., and 1 foot on N.E. Much pitted surface, small, treciucnt, and deep. 

Stone X. — Photographed from S.E. Marked depression in turf at W. enrl of 
stone, which end is squared, or, rather, of oblong form, 2 feet in thickni '^s 'J'his 
depression sinks to about 6" below the surrounding turf level. The stone slo])e.s 
towards the N.E , the stone only .showing about lb" above tiiii on F. .sjfle. Tho 
upper surface ih fairly flat, and is characteri-iefl by a broad crack .along middle, and 
what maybe called a ‘pot-hole* near N. corner. Turf grows between stone on 
N.W. Much sheep-rubbed underneath to S W. 

Stones XI,y XII,, and XIII — hfmall stones in a little group between Nos. X, 
and XIV. In a slight depression, partly in continuation of deep <lepre!<sion at the 
W. end of Stone X. No. XI slopes towards centre, and has a smooth fl.nt surface. 
Height ] foot from turf at S.W., 4" at other end. No. XII. has turf growing up all 
round the sides ; greatest height at N.W. is only 4" from turf. No. XT II. slopes 
towards S.W. and S.E. to turf ; on other sides only 4" from turf. 

Stone XIV, — Lies in slight depression at ditch- end ; fljit stone, pitted in places 
by weathering, with cracks in which turf has grown. Height about 10" from turf 
all round. 

Stone XV, — Very smooth surface, sloping to turf on E, ; at W. end, which is 
square, its height is 1*3 foot from turf. 

Stone .VF/.— Upper side fairly flat ; lean.s at about .'IC® or 40® with general turf 
level towards tho N.E. In a well marked depres.sion ail round, from winch it stands 
at highest part 8^ feet. Thickness of stone about IJ foot at S. and aoout J,) foot at 
N. The only stone in the circle that can be said to be stan«ling at tho present time. 

Stone A'F/7.— Lies in slight depression ; nearly flat, but sloping slightly towards 

‘ Mr. Lewis, who measured the circle in May 1871 (see his plan, &c., in 
Antliropologia'), says that Stone VI. was not then in its f)re.sent position, but has 
been placed there since. On going over the ground in 1901 to revise his plan, ho 
thought he saw signs of a certain amount of surface digging during the x^revious 
thirty years, but no material alteration in the circle generally. 
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the W. ditch, where its height is only C" above depression in turf, rising at N. to 
about 1 foot ; very rougli surface and sides, a little overgrown with turf. 


Stump 2.— Cleaved in two 
above surrou*" ^ing turf. 



and partly overgrown with turf ; about 10' 


Stone A' VTII. —Slopes off rather considerably to tlie W. ditcli ; at £1. its height 
is about 9" above turf; at W. about IJ* foot from turf. P'lat burface, but much 
pitted, and turf-covered in one or two places. 

Stump 3. — Stands at two highest points 1 foot from turf, witli a depression, 4" 
from turf, across middle. 

St07tc XIX. — Lies on a slight mound. Height at S. 0-7 foot from sun onnding 
turf, rising slightly higher (ridge N.Pl. and S.W. line), and then gradually 8lo[>ing off 
to turf level at. N. and N.W. 

St oar A ,V.— {Slopes all round to turf level from a central j^oint about 1 foot high. 
It does not, however, slope off at W. ];oint. 

Stone AAV.— bios in slight depression, sloping slightly towards ditch. Flat 
surtace and somewhat pitted in place.s. Height about 1 2 foot from turf all round, 
llagged along N.K. edge 

Stone XXII. — Flat; slopes rather much towards the ditch; height about 1*3 
foot, from t«]t all round, llalf-oval wtathered hole througli side of stone on »S.\V. 

Stone A'AV//.— Lies in very slight dopres.Mon, more particularly marked on the 
ditch side. Stone has very uneven side towards W. Uougli suiface, pitted some* 
wliat to S.K., S., and S.W., ..nd highest at these points. Flat suiface to K. and 
N.W., where it stands nc'arly 1 foot from turf. At other points it averages 1-2 foot 
in height. 

Stone AL\Vr.—Sloi>es towards N. ; .slopes off to turf level at N.W. and N., but 
not at N.K. Depression in turf at S, end, extending under stone to N. half-way 
across stone. At S.K. ct»rner its height from turf in depression is 1*3 foot ; at S.W. 
2 feet from same, giadually sloping along W. face to tuif on N.W. Flat surface 
with very small but numerous ‘pitiings.* 

Stone ALVF.— At JS. there is a marked depression in turf, but not at the N. 
Height of stone above depression at S. 2^ feci. J'he stone slopes towards the N., 
where it reaches the turf level. Kough surtace, with fracture at N., running N.W. 
to S.E. Turf rises in depression under tlie .stone at S , to supi)ort it. The stone is 
tilted up at S., at an angle of about 20® with surrounding turf level. Much rubbed 
underneath at S. by sheep. 

/ Stv?ie XXVI. — in slight depression to N.,imre marked to S. Sloj»es towards 
N., almost to turf level. At S. its height is about 2 feet from depression in the turf, 
and the stone iiself is about H foot thick at tliis end. Large ‘ pi* but not 
very numerous. Two oval holes, through stone to turf. The larger hole measures 
IS" X 10" in the line of stone, a little to N. of middle. 

Stump 4.- Very narrow and sharp, about above surrounding turf. 

Stone XXVII . — Very rough, standing at middle about 1 5 foot from surrounding 
turf. At N. there is an angle only 3" from turf, fiom which angle the stone rises 
abruptly to top. 

Stone XX VI I r . — Height only 2" .above surrounding turf ; almost entiiely over- 
grown except a small iiortion to N. Flat. 

Stone X XT X . — Pointed at both ends. Slopes soraewliat considerably towards N. 
Smooth Hat surface. A depre.ssion in turf at N. only, where if stands about 1 foot 
from turf in depression. Smooth sides all round. 'I’he tliickness of stone appears 
to be only 6" at N.E. point, whilst on the S.W. side its Ibickness is 2 feet, to which 
it gradually rises from N. to N.E. The stone is thicker at S. than at N.N.W. 

iStones ALYA', and A'A'AV. — Slight depres.‘«ion in turf between and to the E. of 
these .''.tones. Loth flat and fairly smooth, height only about 1" or 2" from turf. 
No XXX, slopes vciv slightly to N ; No. XXXI. slopes somewhat con.siderably to 
N. and K. 

Stone XXXII. — Of the nature of a stump, but rather larger than those that have 
been counted as stumps. Slight depression to S.W., and surrounded by a mound of 
turf to N.E., E., and S.E., where the stone only rises 2" above turf. On S.W. the 
top of the stone is 1 foot from turf in depression. Turf grows in places on top of 
stone, which is rather flat. Kough at sides, sloping abruptly from top at S. 
and N.W. 

Stone XXXTII , — Lies in slight depression, sloping slightly towards ditch. 

V F 2 
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Fairly flat surface. Height about 1 foot from turf all round. Point to H.F., only 
8" above turf in depression. 

Stone XXXIV , — Ijies in a marked depression on inner bank of ditch. The 
depression particularly marked at N. and at E. Stone somewhat lieart -shaped and 
flat and fairly smooth. About 6" in height above turf in depression all round, witji 
turf growinjr up sides everywhere, except at W. and S.W. 

Stone A'A'A’F. — Flat smooth surface. Slopes slightly towards centre of circle. 
On W. slopes off to turf. On E. 9” in height above turf. 

Stone A'A'A'F/. — Smooth but uneven surface. Slopes slightly to E., and pjirtly 
overgrown with turf, especially over centre and to S. and S.S.W. At X. and 
N.N.W. it stands 3" above turf, but turf runs up to level of stone on all otlier sides. 

Sto 7 ut A’A’A’’F7/.---Lies in slight depression all round, which, however, deepens 
considerably to E. and S.E. Slopes slightly towards ditch and N., with fairly 
smeoth flat surface. At W. point it is 2 feet above turf in depression, and at K, 
about 2’3 feet. This stone is cleaving lengthwise, or, rather, horizontally into three 
slabs. This is particularly well seen on all sides but the N. At N. its height is 
only 10" from turf in depression. Upright sides all round. 

Stone XXXVIII , — Small flat stone, level with tlic turf, which is growing over 
it. Plan shows only that part of stone which appears at surface. Slopes to X. 
and E. 

Stofie A'AM'/A'. — On slight elevation. Broken into three pieces, all of which 
are becoming overgrown with turf. The N. piece is neaily level with turf. The 
middle has .somewhat rounded surface, and rises in middle to about ti" above turf. 
The piece to S. slopes from N. end to S., wheie it reaches the turt ; the N. end of 
this piece is about 7" or S" above surrounding turf. 

Stump 7. — Much overgrown with turf. A piece of stone only O'' ‘ C" shows at 
present, which does not rise above turf level. Plan shows the probable outline 
when turf is removed. 

Stones XL.t XL I, and XLIL — Together in a mass in slight depression all 
round. See photograph. No. XL. slopes to S. and S.S.W. At highest point at N. 
it is 1^ foot above turf in depression. The S.E. and N.W. points arc about 10" from 
turf. At S and S.S.W. it meets the turf. No. XLl. slopes from the S.E , meeting 
the turf level under No. XLIII. ; rather rough, uneven surface, standing at N.E. 
about 1*5 foot from turf in depression, at S.E. about 1 3 foot, and at S.S.W. about 
1 foot. No, Xm. overlaps No XLl. to S.E , and slightly over No. XL. to N K. ; thick- 
ness of stone about 1 foot at S.E ; stone slopes to centre, where it is only 1" from 
turf. At S.E, end the highest point is about 1 J foot from turf in depression. 

Stone XLILl , — Slopes very slightly towards centre of circle. Flat and smooth 
surface. Runs to turf on N.W , S.E., S., and S.W. ; in fact, pretty well all rouml. At 
S.E. the stone is about 4" above turf level. 

Stump 8. — Very narrow, just appearing ,nbove turf. 

Stone AVjIV.— Flfit, sloping but slightly towards ditch. Height, about 7" from 
turf level at N.W. S S.E comer overgrown with turf, N E. corner al.‘‘o; in fact, a 
very little of the stone at S.E. shows above the suiface. rneven, weatliercd 
surface. 

S/one A^LJ". — Flat, with very uneven weathered surface and fiaeturcd. More 
than half the stone is overgrown with turf, fairly regularly distributed. 

Stone XLVI , — Nearly flat, sloping slightly towards centre of circle. Fairly 
smooth surface. * Shoulder ’ across middle, height 7" above turf, rising .again to (>'' 
above turf at S. Turf growing across depression below • shoulder.’ Stone almost 
entirely overgrown, dotted on plan, to S.S.W. of XLVI. 

Stumps 9 and 10. — Small stones (not really ‘stumps’), just appearing above 
surface. 

Stumps 11 and 12. - Ragged stones, broken off, ju.st appearing alxive .surface. 

Stump 13.— This stump, leaning towards E., was only revealed by excavation. 

SUrnes outside S, Causetray. — Fairly large, long and narrow stone, height at E. 
1*3 foot from surface, sloping off at centre westwards, and rising again near W. end 
to about 9" from turf. Stump close to two rounded stones a little above turf 
level, on side of S. rampait. 

Tvso St'-nes in Ditch. — Two stones in ditch on H.W. One long and narrow, about 
8" in height from turf ; the other, an uneven boulder, rising 1 foot above surface. 

There are other small stones here and there at Arbor Low, which seem to be 
hardly worth mentioning, although they might prove to be somewhat larger if 
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The Stone ImplementR excavated at Arbor Loiv, 1901. 

Jip Hknuy Balfour. 

Detailed references to the positions in which the various stone imple- 
ments wen3 found (luriiij;' the excavations are "iven in Mr. GrayV reports, 
and tiKi exact position of each is marked upon the plan prepared from his 
elaborate and v(M'y careful survey, which it is hope*! may be published later 
on. The depth at which each implement was found is also noted in tho 
report. 

As regards the implements collectively but little need be said, as they 
are unfoi tunately few in number, an<l, while all are of forms wr*ll known 
in the finds of tho Neolithic period, with which such forms are usually 
as.sociated, they are not of a sufliciently tyjacal and tlistinctive kind to 
render it absolutely certain tliat they belong to Neolithic times. That 
they should be referred to that period se<nns to me extremely probable, 
particularly w'hen the facts regarding the nature of the implements are 
considered in relation to other (ividenee, viz., the total absence of any 
objects of bronze ainong‘'t the finds, and the fact of what is stated to have 
been an Bronze A ^*e tumulus having been constructed out of the 
material which formed part of the original structure of the monument, 
which must thorefon; have antedate<l the tunuilus, and, presumably, by 
a period long (*nough for the original function and probable sanctity of 
tlie circle to have been forgotten. At the same lime it must be admitted, 
in regard to tho stone imjdemonts hitherto unearthed, that any or all of 
th(»m Hfif/ht have been made and used during the Bronze Age. Simple 
flakes, flakes with secondary chipping, and ‘ s(‘rapcrs ^ of flint belong 
practically to .all periods. Their manufacture persisted during the metal 
ages so long as their efliciimoy as tools and the rapidity with whicli they 
could be inad(‘ rendered them desirable. 

Perhaps the most striking implement of fliose found, and the one 
which might claim with most justification to he assigned definitely to the 
Neolithic jieriod, is that numbered 20 in Mr. (Jray's report, found near 
the centre of the circle at a de]>th of 27 cm. This is a small blade «)f flint 
of very broad, h'af-shaped outline, flaked on both sides and rather clumsily 
shaped, being fliioker towards one edge than the other. Tt resembles a 
loiif-shaped arrow head, hut may have been hafted and used perhaj^s as a 
knife, as the point is extremely obtuse and not very carefully shaped for 
penetration. 

With one or two exceptions, the remaining implements .showing any 
considerable working along the edges may be classed as varieties of the 
‘ scraper' or ‘side-tool,' and in this category T should class that numbered 
3 by IMr. (Irav, who .suggests that, it may have been a .s ear-head. Tt 
could at most be regarded only as a spear-head in process of manufacture, 
rejected before completion. It is worked on one face only, and, rough 
though it is, would serve very 'well as a .scraping tool ; tin* point at one 
end, if intentional, could have served for cutting grooves. Three w'ell- 
defined ‘scrapers' (Nos. 7, 14, In) were found in tl»e ditch varying from 
a very broad, semicircular-cdged form to a very narrow ‘duck-bill ' shape : 
they are familiar forms. An ‘outside flake' (Ni). 10) shows secondary 
chipping along two edges, and was probably a scraper : it is evidently 
but a fragment of a fair-sized flake, broken, perhaps, in use. No. 5 is 
also a fragment showing some flaking at the bulb end of a small-size flake. 
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One broken flake (No. 13) shows a very delicate serration along one edge, 
forming a finely toothed saw. The serration evidently extended along 
the portion of the flake broken away. This saw must have been intended 
for delicate work only. 

Ill addition to the implements already referred to, there are several 
flint flakes showing well marked bulbs of percussion, a few with secondary 
chipping at the edge ; also some vrhich are doubtfully worked ; and a 
certain number of flints were picked up and kept, which prove on inspec- 
tion to exhibit natural fractures only, and those I have reiocted. JMr. Gray 
very rightly submitted these rather than run any risk of overlooking 
examples which might possibly betray human agency, however slight. 

The finding of six large flakes (No. 17) together is interesting. It is 
evident that these could not have come by accident into the position in 
which they were found, and it is virtually certain that they wore placed 
by hand upon the small ledge in the side of the northern caus(*way. The 
flakes are of considerable size and weight, and of fine quality black flint 
which has been weathered white to a considerable depth. It is diflicult 
to determine the use for which they were intended. They are irregular 
in outline and surface, though their edges are still sharp and undamaged. 
It is possible that such heavy flakes may have been intended to be used 
as digging tools, for which purpose they would bo not badly adapted ; 
but no used examples are as yet forthcoming from the site, and the 
suggestion is merely conjectural. They may have been purposely covered 
over at the time for concealment, and forgotten, or they may have been 
accidentally covered by loose earth falling from the causeway on to the 
ledge. In either case they have remained as originally placed. 

It is greatly to be hoped, if further excavations are undertaken, that 
the yield of implements may be greater, and that the examples may 
present more definite features, so that the negative evidence aflbrded by 
the absence of metal, if it continues to hold good, may be backed by 
positive evidence of Neolithic date from the nature of the iinphunents 
discovered. For the negative evidence to be completely convincing, move 
extensive exploration is necessary, and the very suggt‘stivc nature of the 
positive results so far obtained by Mr. (bay renders it highly probable 
that further examination may yield results of great importanec. 

One point to which I may perhaps bo allowed to refer here arises out 
of the excavation of the ditch to its full depth. The lied- rock bottom 
presents a very rough and uneven surface^, and tlu*re does not appear to 
have been any definite attempts to create a level surface along the ditch 
bottom by filling in the hollows and levelling in other ways. It is of 
importance to note this, as it precludes the idea that the fosse itsedf may 
have been used for processional or other like purpo.s(*s. The steepness of 
the causeway sides forming the ends of the fosse also points towards the 
same conclusion as regards this matter, 

Beport on the. Human Skeleton found in the Stone Circle of Arhor Low 
in 1901. Viy J. G. Garson, 

The skeleton found by Mr. Gray near the centre of the Stone Circle of 
Arbor Low in August 1901 is that of an adult male. The bfmes are not 
in a good condition as regards preservation ; hence it has not been pos- 
sible to ascertain from them the probable stature of the individual more 
nearly than has already been done by Mr. Gray in his report. The upper 
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part of the brain-case, or calvaria, and part of the face, though much 
broken and very imperfect, especially the latter, have been pieced together 
by Mr. Gray in a most creditable manner, so that it is possible to ascertain 
and determincj the most important points in the morphology of the former 
fairly well. The muscular ridges are well developed, the glabella and 
brow ridges are well marked and continuous with each other, the most 
prominent part of tim latter being over the inner third of each orlnt. The 
tubera of the parietal bones are prominent, the curved lines on the 
occipital bone and the surface between them for the insertion of the 
muscles of the head and neck are well marked ; but the mastoid pro- 
cesses of the temporal boncis are of very moderate size, or may even be 
regarded as small. As viewed from the front, the malar bone, which is re- 
tained on the left side, shows that tlie axis of the orbit slants markedly 
downwards as well as outwards ; the oi’bital processes are of moderate size, 
and the interorbital width appears to have been of medium size. As viewed 
from belli nd, the lateral walls are seen to be nearly vertical but slightly 
converging, as they rise upwards, and finally curve over to form the 
vault with a flat or low arch. Wlien view(*d from above the outline of 
the calvaria is unsymmetrical in the occipital and posterior parietal 
regions, and coiivt*rges slightly from the tubera of the parietals towards 
the orbital processes of the frontal with straight sides. On viewing the 
cranium laterally the profile outline of the mid-parietal region is elevated 
and bulged upwards : this fulness extemls from one tuhei* to the other, 
while* the frontal region above the glabella fr)llows a graceful curve back- 
wards and upwards to the br(*giiia, and the occipital region is slightly 
bulged bjiek wards and rounded. 

To reduce thesf* general characters to actual figures as far as possible 
the following are the chi(‘f dimensions which the state of the cranium 
permitted me to determine : — Maximum hmgth, ISfl mm. ; maximum 
breadth, 1 l<S mm. These figures give a cephalic index of 7S-2, which 
places it, as regards general form, above the middle of the mesaticephalic 
group (7.“) 7fl'fl) and shows that the individual wIkmi alive had a head 
slightly roun(h‘r than that of the average male of the present population 
of Great Britain, more brachycephalie tlian in some parts of the c«)untry, 
but more dolichocephalic than in others. The ophryo occipital length is 
187) mm., tho point of greatest length on the occiput being the same as for 
the maximum length ; the. j)rojection of the glahelln is, therefore, 4 mm. 
The minimum frontal bn*adth is I Ob mm., and the maximum frontal 
breadth is llJo mm. ; t he, r<‘lat ivt* properties of these two measurements to 
tho maximum bread tli (the latter being taken as 100) is 71*0 and 84*5 
respectively. The biauricidar diameter is IbO nim., while the auriculo- 
hregmatic arc is .*110 mm. The liorizontal circumference is .^>30 mm. ; the 
longitudinal arc, from the nasion, over tho bregma, lambda, and the 
occiput to the opisthion, is .377 mm. ; the base of tho cranium being 
absent it is impossible to obtain the length of the foramen magnum and 
basio-n.asial length to complete the longitudinal cireumforenco. Tho 
length of the frontal portion of this longitutlinal arc is J 30 mm., that of 
tho parietal 130 mm., and of the occipital 117 mm. ; while the chords of 
these arcs are: frontal, 113 inm. ; parietal, 117 mm. ; occipital, 97 mm. 
The relation which the arc bears to the chord may be expressed as an 
index to indicate tho curve of the hone ; tho chord being taken as 100, 
the frontal index is 11.3*0, the parietal index 111*1, and the occipital 
index 120 b. These indices show that while the curvature of the frontal 
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and occipital are about normal, that of the parietal is greater than usual. 
Little can be said about the characters of the facial portion of the cranium, 
as it is so imperfect. The palate is parabolic in form. The teeth are 
moderately worn down, especially the molars, and there is a slight deposit 
of tartar upon most of them. 

The osteological characters show that the individual was not of the 
type found in interments of the Neolithic period, neitlier do they point to 
his being of the Bronze Age type, though he was more nearly allied to it 
than to the former. Outlie other hand, there are no characters about tlie 
specimen which would preclude its being much more recent- -even that of 
a person interred only about a hundred years ago. The extended position 
in which the body had been laid decidedly supports the view of the inter- 
ment being of more recent date than the Bronze period, to which I con- 
sider the weight of the evidence afforded by the osteological characters 
also points. 


The Committee have special satisfaction in submitting the very 
careful and exact survey of the circle which Mr. Gray ha.s prepared, and 
the sectional diagrams of the excavations made under his direction. The 
former is undoubtedly the most complete survey of the circle ever made, 
and will constitute a lasting work of reference for future investigations ; 
indeed, it has been prepared with so much care that there will be no 
difficulty in constructing from it accurate models of the circle and its 
surroundings. The Committee recommend that the specimens found bo 
eventually placed in the national collection in the British Museiiin. 

Mr. Gray has informed the Committee that about two to three wec*ks' 
further excavationa, of the circle on the lines hitherto pursued will bo 
sufficient to complete the examination of the ditch and rampart. Tho 
excavations made during the jmesent year have been eontined to the west 
side of the circle ; the eastern half of the ditch and rampart have not been 
touched, nor have any of the external approaches which it is also desirable 
to excavate been explored. From personal observations (the circle 
having been visited during the explorations by the Chairman, the Sc^cre- 
tary, and Mr. Lewis) the Committee can confirm Mr. Gray's statements 
to them, and arc convinced of the desirability of the 'work being resumed 
at the earliest possible opportunity. 

Tho whole of the money granted by tlui Association ha.s been 
expended, and the amount slightly exceeded in tho work which has been 
done. 

The Committee apply to be reappointed, and ask that a grant of 40/. 
be placed at their disposal to carry on the investigations which liavo 
proved to be so successful and hopeful in their results towards solving tho 
somewhat disputed age of stone circles as regards Arbor Low. 


Exploratmis in Crete, — Report of the Camiiiiltcc, ronsidiiuj of Sir 
John Evans, K.G,B., F,R,8, {Chairman), JMr. J. li. Mykks 
{Secretarif), Mr. A. J. Evans, Mr. D. (r. IIociARrir, Protassor A. 
^Iacalister, aiul Professor W. Ridgeway. 

Tn order to present the results of the season of 1901 in their proper 
bearings the Committee introduces its Report with a retrospect of British 
exploration in Crete, 
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Tho Cretan Exploration Fund was formed in 1899 with the object of 
assisting British explorers and tho British School at Athens to investigate 
the early remains of the island, which from indications already apparent 
seemed likely to supply the solution of many interesting questions regard- 
ing the beginnings of civilisation in Greece. To the furtherance of this 
work, begun in the spring of 1900, the grant of 145A was made last 
autunni by the British Association. 

Already in 1894 Mr. Arthur Evans had secured a part-ownership 
(completed last year) in the site of Kephala at Knossos, which evidently 
contained the remains of a prehistonc building. Excavations, to which 
the fund has largely contributed, begun by him in 1000 on this site and 
continued during the pi-esent year, have brought to light an ancient palace 
of vast extent, which there is every reason to i<lentify with the traditional 
House of Minos, and at the same time with the legendary ‘ Labyrinth.^ 

TIkj result of tho excavations of 1900 was to unearth a considerable 
part of the western side of this great building, including two large courts, 
the porticoes and entrance corridors, a vast system of magazines, some of 
them replete with huge store jars, and a richly adorned room, where 
between lower benches rose a curiously carved gypsum throne, on which 
King Minos himself may have sat in coum il. The second season’s work 
has uncovered a fiirth(*r series of magazines, th(» whole northern end of 
the palace imduding a bath-chamber and an extensive eastern quarter. 
It was only towards tho close of this years excavations that wliat 
appccar to have been the principal states rooms first came into view. A 
triple flight of stone stairs, one flight beneath another, liere leads down 
from an upper corridor to a suite of halls, showing remains of colonnades 
and galleries. It was at this interesting point that, owing to the 
advanced season, Mr. Evans was obliged to bring tliis year’s excavations 
to a close. 

Apart from tho architectural results already gained, the finds witliin 
the walls of tho palace hav(* b(*en of sucli a nature as to throw an entirely 
new light on the art and culture of prehistoric Greece. Partly still cling- 
ing to the walls, partly on the floors of the chamber.s, were found the. 
remains of a whole series of fre.sco paintings. Among these the. full-length 
figure of the cup-hearer supply tho first real jmrtrayal of a man of the 
MycemcaTi age, whih' tho miniature groups representing court ladies show 
a liveliness and expression far beyond any work of the kind in contem- 
porary Kgypt. Allied to this branch of art are the painted reliefs in gesso 
duro, showing a force iind naturalism for which no parallel can ho found 
till the great days of Greek sculpture some ten centuries later. To the 
remarkaldc bull’s liead discovered last year the more recent excavations 
have added parts of human figures, in which the muscles and even the 
veins an» reproduced with a singular mastery of execution. 

Tlie marble mouth of a fountain in the shape of a lioness's headand a 
triton shell of alabaster, together with many other beautiful stone vessels 
and architectural ornaments, also evidence th(^ high level already attained 
in tho sculptor’s art. Among tlie minor art.s represemted is tliatof minia- 
ture painting on the back of crystal and intarsia work of ivory, rock- 
crystal, enamel, and precious metals, of which a splendid example has 
been found this season in the remains of a royal draught-board. Other 
finds illustrate tho connections with ancient Kgypt and the East. Part of 
a small diorite statue from last year s excavations bears a hieroglyphic 
inscription fixing its date about the beginning of the second millennium 
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B.C., while a more recently discovered alabaster lid bears the cartouche of 
the Hyksos King, Khyan. A fine cylinder of lapis lazuli, mounted with 
gold and engraved with mythologicjil subjects, bears witness to the early 
connections with Babylonia. 

But of all the discoveries made within the palace of Knossos the most 
interesting is the accumulated evidence here for the first time attbrded that 
there existed on the soil of prehistoric Hellas a highly developed system 
of writing some eight centuries earlier than the first written Greek monu- 
ments, and going back six or seven centuries, even before the first dated 
record of the Phoenician script. A whole series of deposits of clay talilcts 
has come to light, many of the most important of tliem during last seas()n\s 
excavations, engraved with a linear script, often accompanied by a decimal 
system of numeration. 

That these documents largely relate to the royal stores and arsenals i.s 
seen by the pictorial illustrations with whicli tlie inscriptions are often 
accompanied. Others, in which signs representing men and women fre- 
quently recur, probably contain lists of slaves or officials. Others tagain 
of a different class may, perhaps, ultimately reveal to us fragments of con- 
temporary records or the .actual formulas of IMinoan laws. 

Besides these linear tablets there w^as discovered a separate deposit of 
clay bars and labels containing inscriptions of a niorc hi(‘roglypliic class. 
Although contemporary with the linear tablets, the script on these is 
ap[>a!’ently of quite distinct evolution, and in all probability in a different 
language. The characters answer in fact to tlie sign -groups .alrp.'idy 
observed in certain seal-stones mostly found in the east of *,’reto. The 
hieroglyphs themselves presc*nt many parallels to the presumed pictorial 
prototypes of Phtenician letters. 

Beneath the palace itself and the adjoining houses, and underlying 
the whole top of the hill, was also a very ext(‘nsiv"e Neolithic settlement. 
A detailed account of the exploration of this Neolithic settlement, the 
first of the kind uncovered in Greece, will be communicated by Mr. Evans 
to Section H, The relics found, such as the small human figures of cl.ay 
and marble, supply the antecedent stages, liithei to wanting, to the Early 
Metal Age Culture of the JEgean Islands. 

In addition to the assistance given to Mr. Evans in his work at Kno.sso.s, 
the Cretan Exploration Fuad has contributed towards various works of 
exploration in the island un(l(3rtaken under tlic .ausjiices of the flntish 
School at Athens. In 1S09 the late Director of the. School, Mr. 1). G. 
Hogarth, excav.ated a .series of prehistoric hous(»s in the Iow(‘r town of 
Knossos. He found in these many re.inarkahle painted vases, .showing that 
a highly developed ceramic art flourished here already before^ tlie days of 
the civilisation known a.s Mycemean. A large number of similar houses 
await exploration ; in fact, the whole plan of the. early town could prob- 
ably be recovered. Mr. Hogarth further succ(\s.sfully explored the great 
cave of Zeu.s on Mount Dicta, discovering roinain.s of a prehistoric sanc- 
tuary and large deposits of votive bronze figures and other olijects, among 
which the double axe, the symbol of th(3 Cretan and C.arian Zeus, was 
specially conspicuous. 

During the present year Mr. R. C. Bosanquet, the new Director of tho 
British 8chool, has carried out an exploration of the site of Praesos, in 
the easternmost region of Crete, in historic times the chief civic centre of 
the original Eteocretan element of the island. Tho remains on the actual 
site of Praesos proved to belong to the geometrical and later periods. A 



ox EXPL0KATI0NS\ y CRETE. 


443 


remarkable inscription was found, however, the second of its class, written 
in Greek characters of the fifth century b.c., hut composed in the old 
Eteocrctan language. Two sanctuaries with votive deposits also came to 
light, and the remains of a large public building of Hellenistic date, which 
may have been an ‘ Andreion* of the kind in which the Cretan citizens 
met for common meals. 

.rhis season Mr. TIogartli has also been enabled by a grant from the 
fund to explore an ancient site at Zakro in the extreme east of the island. 
He has th(*re uncovered a small Mycena*an town with well preserved re- 
mains of the lower part of the houses and magazines, and a pit containing 
fine example^ of early pottery I3ut the most important discove»y was a 
deposit of clay impressions of JMyceniean gems and signets • := 'i;l' 

types, some of them tlirowing a new light on the early » 

Among other subjects represented was the Minotaur, which also occurs on 
a seal impression recently discovered in the palace at Knossos. Further- 
more, some interesting cist-graves were found in caves about Zakro. These 
yi(d(h»d incised and painted ])ottery of the pre-Mycenican age, including 
tyjH*s nov(d in Crete hu< familiar in Cyprus and ligypt. The general 
result has inijjortatit bearing on the origin and histf)ry of Mycenaean 
civilisation in Crete. 

ether interesting sites, already previously secured for British excava- 
tion, remain to bt» explored. The Executive C^onimittee of the Cretan 
Ex[)lorat.ion Fund, however, are of opinion tliat, before devoting any sums 
towards breaking n('W ground, a sullieient amount shall be raised to enable 
Mr. Evans to complete his excavation of the palace of Knossos, a con- 
siderable part of the cost of which has already fallen on the explorer^s 
shoukhu's. I'he large scal<» of tin? work, on which throughout the whole 
of last sea.sun L^OO workmen wen* constantly employed, makes it necessarily 
costly, and in I his case, in addition to many other incidental items of 
expenditure, a erreat deal has to b(‘ done towards the conservation, and in 
.some cases even the roofing in, of the cliambers discovered. Tt is estimated 
that a sum of between one and two thousand pounds will be necessary for 
the adequate completion of this important work. The unique character of 
the results already obtained is, however, so widely recognised that the 
Committee confidently trust that no linancial obstacles will stand in the 
way of this consummation. 

Rqfort on Excavations at Prarsos, In EasM'n Cnfr. 

Praesos, the ancient capital of the aboriginal Eteoerrtans, lies liigh 
on the central plateau of Eastern Crete. The excavations at Praesos, 
conducted in the spring of IfiOl by Mr. H. C. Bosanquot, the Director of 
the Briti.sh School at Athens, with the aid of Mr. J. H. Marshall and Mr. 
R. T). Wells, architect, did not bear out the expectation that the 
Eteoc*’etan capital would prove to have betm a centre of Mycenean cul- 
ture*. Tt is tru(^ that the Acropolis yielded a product of pure Mycenean 
art under singubar circumstances. A largo Icntoid gem, with a represen- 
tation of a hunter find a bull, was found embedded in the mud-mortar of 
a late Gn'ok house : it must Inave been plastered in unseen along with 
the earth from an adjacent rock-cut tomb, which had evidently been 
empti(*<l by the Hellenistie builders. 

But no other vestige of Alycenean occupation was found upon the site 
of the later city. The waterless ridge, encircled by deep ravines, offered 
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nothing to primitive settlers. The earliest remains lie a mile away in a 
lateral valley near a spring. Here are several groups of mogalithic walls, 
the chief of which was shown by excavation to be a sub-Mycenean home- 
stead. Its strictly rectangular plan, its massive thresholds, the spiral 
ornamentation of large jars in its cellars, show that, whatever fate had 
overtaken the cities on the coast, a certain standard of good workman- 
ship had been their legacy to the people of the hills. Nearer the city two 
tombs of the same period were discovered : the one, a square chamber 
with a dromos, yielded parts of two painted Jnrnakps, thoroughly Mycenean 
in design, a gold ring, a crystal sphere, parts of a silver vase, and a 
quantity of iron swords. The other was a well built bee-hive tomb, 
differing from the usual type in being entered through a vestibule : it 
contained an enormous mass of geometric pottery, an openwork gold ring, 
a bronze fibula, and other objects in gold, ivory, and Egyptian porcelain. 
In the same neighbourhood a number of later tombs were opened, ranging 
from the geometric period to the fourth century. Among the numerous 
geometric vases there are several new types, in particular a vessel in the 
form of a bird, and a slender jug painted with delicate white patterns on 
a black ground. The later graves yielded jewellery in gold, silver, and 
crystal. 

Prominent among the considerations which caused Praesos to be put 
upon the programme of the Cretan Fund was the fact that an inscription 
in an unknown tongue, presumably the Kteocretan, had come to light 
there, and the hope that others might be found. It was dug up at tlie 
foot of the Altar Hill, a limestone crag precipitous on three sides which 
dominates the south end of the site, and had probably fallen from the 
level summit, long, known to the peasants as a liiintir.g iirnUTid for 
‘antikas.' More fortunate than Professor ITalblierr, who made a small 
excavation here with the same object befo!*e the Cretan revolution, we 
obtained a second and longer inscription of seventeen lines, and apparently 
in the same non-Hellenic language, close to the entrance steps of a 
tf'nwnos on the hill top. It must have been a frequented place of sacri- 
fice, for the rock was covered several feet deep with a deposit of asht's, 
burnt bones, and votive offerings of bronze and teria-cotta. The terra- 
cottas, ranging from the sixth to the fourth century, are important as 
giving a glimp'^e of a local school of artists working in clay (for Crete has 
no marble of her own, and Praesos, at any rate, imported none) and 
possessed of an independent and vigorous style. Th<5 great prize is the 
upper part of an archaic statue of a young god, half the size of life : the 
head and shoulders are intact; the remainder has disappeared. An 
equally well preserved head, with fragmentary body, of a coucliant lion 
is a further revelation of early Cretan sculpture. The bulky fragments 
of another lion, life-sized, later and feebler in style, prove the persistence 
of the local method. Among the bronzes there is a noteworthy series of 
votive models of armour, helmet, cuirasses, and .shields. The pottery 
shows that the Altar-hill was frequented from the eighth century onwards. 

By this time Praesos had probably become the religious and political 
centre of the district, a primacy for which it is admirably fittcnl by its 
position at a meeting place of valleys midway between the two seas. The 
ikcropolis was fortified, the water of the distant spring brought to its 
foot in earthenware pipes, and a small temple built on its summit. The 
upper slopes of the Acropolis, though much denuded, yielded two archaic 
bronzes. Trial-pits in the deeper terraces below revealc<l only Hellenic 



ON EXPLORATIONS IN CRETE. 


445 


things, plainly built houses of limestone, roadways and cisterns, and a 
rubbish pit full of terra>cottas. A building larger and more massive than 
the rest was completely excavated : it contains eight rooms and has a 
front seventy-tive feet long. Outside the town two minor sanctuaries 
were investigated : one adjoining the spring already mentioned contained 
large terra-cotta figures of a goddess of quite new type. A survey of the 
whole site was made by Mr. Wells, and a systematic exploration of the 
surrounding country by Air. Alarshall. 

Although Praesos was barren of Alycenean remains, they are evident 
enough at Petras, on the modern harbour of Sitia, seven miles to the nortln 
I jnade some trials here in June. Nine-tenths of the site has been ruth- 
lessly terraced by its Aloslem owner, and would not repay a large exca- 
vation. The remaining tenth is occupied by cottages, and here under th(i 
roadway it was possible to uncover one side of a large building containing 
pithoi and kamerais vases. On the liill-top there remain a few foun- 
dations of a large mansion, and outside tlie walls — for Petras is unique 
among early Cretan sites in pos.sessing remains of fortifications — was 
found a rubbisli lieap of the now familiar type, yielding whole cu])S and 
lamps and shreds of earthenware and steatite. Ten miles east of Petras, 
acro.ss the Itanos peninsula, is another early site, Palaiokastro, which has 
been sadly mauled of late years by clandestine excavation. In the course 
of one of liis exploring journey.s Air. Alarshall made a remarkable dis- 
covery here. Heavy rains - the same that Hooded Air. Hogarth out of his 
quarters on the beach at Zakr<i-- had exposed the corner of a very fine 
larnax. The native diggers had not noticed it, and In^ lost no time in 
securing it, and some fine vases for the Candia museum. One of its four 
jucture-j)anel.s represents a double ax<‘ jdanted upright upon a column, an 
important, il lust ration of the axe and pillar cults discub^ed by Air. Evans 
in th(i ‘Journal of Hellenic Studies.' 


TItP ^hi'i'it^cItoinUirij (•! (\’Ua. — lit’ifuri (tj Ihc Couinvilf'C. Cimsistlnf/ of 
Ih’ofebsor J'l. A. St’iiAPKK 'luunnait Prolbssor E. Ray Lanke>tek, 
Professor W. 1). Halliiukton, Air. G. C. RoruNE. Professor 
J. J. MArKEX/ii:. and Profes'^or A. B. AIacai.li'M {Secrefanj), 
(Ih'OH'iL bu iJti‘ Srci'citU'if.) 

Thk ve.search of the previous year on the distribution of phosphorus in 
animal and vegctahle cells was continued with the view of making the 
field of investigation as large as possible. The results of these observa- 
tions cover a large number of details, but th(*se, while corroborating the 
conclusions advanced in the last report (»ii the subject, luue not furnished 
any additional generalisation which merits S])ecial mention here. The 
pap(‘r embodying all the results will, it is lu)i)ed, be ready for publication 
in a few weeks. 

Micro-chon ical Locaf Imfion of OAilmif's. — The work of the previous 
year on oxidases was continued, and efl’orts were made to localise them 
jnicro-cheinically. After a considerable amount of experimenting with 
different leuco-coinpounds it w'as found that the reagent mixture recom- 
mended by Rohmami and Spitzer * for the detection of oxidising enzymes 

* ‘Ueber Oxydations-Wirkungon thieri.'-chcr Gowebe,’ Bor, <7. <7. Chenu GeseU.^ 
18U5, vol. xxviii. p. C67 
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in extracts of animal tissues was of considerable service if Used in dilute 
solutions on the protophytan cell. It consists of a mixture of a-naphtol, 
paraplienylendiamin, and soda in the proportions by weight of 12, 9, 
and 10, and when freshly made should have only a slight yellow-red 
tint ; but on exposure to the air for some hours it gradually becomes violet 
and then blue, due to the formation of iiido-phonol. The reactions which 
occur thus and in the cell may be indicated as follows : — 



(а) CoHi(NH.)2 + C,oH;OH-f-0= Nil +11,0 

' Ch.H,()H 

-'C.HiNIIo 

(б) Nil ' +0 =N ‘ +H,0 

C.oHoOH C,oII,() 

When the reagent is poured on the fresh protophytan threads and allowed 
to act on them for 20 -30 minutes, or even for 2- 3 hours, the fluids in 
the cell spaces {Spiroyyra, Ordoyoniam, tVre.) are often coloured violet 
blue, and contain small sheaves of the blue crystals of indo-phenol. 
This indicates the occurrence of oxidising enzymes in the fluids of the 
cell spaces or cavities, but no coloration was found in the protoplasm 
itself or in the nucleus, and the chromatophor itself ga\e (»nly a very 
ffiint reaction in a few cases, except in the immediate neighbourhood of 
the pyrenoids, when frequently a deeper reaction w^as observed. That 
the blue reaction was not due to the diflusion of the colouring material 
from other points is indicated by the fact that indo-phenol, to which the 
blue colour is due, is almost insoluble. It is to be noted that in tlie 
report of last yt^ar the conclusion that the chromatophor contains no 
oxidising enzymes was based on the fact that that organ did not appear 
to be affected when extracts the enzymes wore made by hydraulic 
pressure from the cells. This conclusion, in vi(»w of the fact giv(‘n abi>ve, 
must now be considered untenable. The l eagtmt was also funployed on 
the Cyanophycetc to determine the prtjsence of oxidases in these non- 
nucleated forms, and it was found that one is present in the peripheral 
coloured zone and its granules in these cells, but the ‘ central body,' 
which is considered by some to be the liomologuc* of the nucleus of the 
higher forms, is absolutely unaffected, as are also its granules, l)y the 
reagent. The peripheral zone would appear to correspond t(» tlu^ cell 
fluids and chromatophor of higher P!'.'-'! h;. f .. while the ‘central body,' 
so far as absence of an oxidases is concerned, corresponds to the nucleus 
and cell protoplasm of Spiroyjfra, 

The reagent cannot be used to detect the peroxidases, so that the 
micro-chemical localisation of these enzyjncs could not be determined. 
The dilHculties in the employment of solutions of guaiacum for this pur- 
pose on fresh cells, or even on alcoholic preparations of them, woio found 
to be insuperable. 

The main point to be noted in all th(*.«;e observations is that the oxi- 
dases are not components of the living framework of the cells, but are 
dissolved in the fluids which bathe that framework and circulate in the 
cell spaces and cavities. In consideration of the relations which these 
fluids bear to the surrounding media it would seem proper to regard these 
oxidases, not as enzymes, but as oxygen-carriers, playing the part in the 
cell mechanism that haemoglobin does in the animal body. 
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On the Nature of H<v.moHide.rin, — Dr. E. N. Coutts, under • Professor 
Mackenzie's direction, investigated the composition of brnmosiclerin from 
a micro-chemical point of view and ascertained a number of interesting 
facts. He found that hiemosideriii of liver cells IS different from that of 
the alveolar ctdls of indurated lung in regard to the way in which the iron 
is h(;ld, as well as in the chemical reactions of the basic material of the 
grannies, tlnmiselves. 'Fhe iron of the hepatic hsemosiderin is in an 
inoi’ganir form easily extractable with very dilute acids, and to a certain 
extent also by prolonged action of distilled water. The iron in hepatic 
luemosidi^rin is also readily demonstrated by acid ferro-cyanide, solutions, 
or by ammonium sulphide almost immediatcjly aftt*r their application, 
this indicating that tlni iron is not tirmly bound in the substar ce of the 
granuh^s. That it is inorganic is shown also by its reactions with pure 
dilute hiematoxylin solutions. In the pulmonary lueiiiosideriii granules 
the iron seems to be combin<‘d differently, yet in an in(»rganic form, prob- 
ably with a ])rotcid body, for on digestion with artificial gastric juice the 
granules diminish in siz(‘ and lose their iron. In both })ulmonary and 
hepatic hieinosklerin granules the iron may Ix' extractc'cl, with the result 
that the colour, shape, andsizi* of the granules may be unchanged, but the 
residual matrix in pulmonary lueiiiosidmin is much more r(*adily afFected 
by strongi'r aci<ls than is the case with he]>atic luemosiderin. Tlie residue 
in imither sc(*ms to show any chemical allinities with hamiatoiclin (biliru- 
hin) or with hamiatoporphyrin. 

Tlie conclusion from th(‘se observations is that luvriiosiderin is not a 
chemical (jompound, that it is not uniform in composition, and that it is 
for the most part a mixture of an inorganic iron compound with a brown- 
yellow iron-fre(^ substance. 

The Committee ask to be reappointed. 


The Phrnilsfi^ii of IhiiP MfirrotP. - Iulrrim ItCftorf of thr Cum)n\iioe^ 
roiisisfl lit/ of Professor H. A. Sciiakkr (CJuiirmn n). Dr. II. HuTCii]- 
(Srcrciarjf), Dr. liKONAUn Ifib!., und Professor F. Gotcii. 

Tilt: work of the Gommittcc) has been considerably retarded by the difU- 
culty of obtaining a sulliciency of material for examination and analysis. 
A certain am.ount of pr<>gress has, however, been made in the estimation 
i>f the nuclcin.s and nuclein bases in red marrow, and the investigation of 
the protcids has been begun. So far (1) a histon and (*2) a nucleo protoid 
have be,en isolated, and the further investigation of these bodies is now 
being proceethsl with. Hereafter it is hoj)ed that the estimation of tho 
iron compounds in marrow will be undertaken. 


The Mut’/>hiflo(fii, Keolihjif^ and Ta,romynuf of ihe Vodosiemacea\~ 
l\pj)ort of iho (''oinmiitee, coto^itituuj of I’rofessor ilARfcill.\LL 
AVarI) (Chrtiniuin), Professor * 1 . 13. Farmer {Secyetan/), and 
Professor F. 0. Bower. 

Thk Committee report that the grant of 20/. made at the Bradfoi*d 
meeting of the British Association has been expended by Mr. J. C. Willis 
in the prosecution of the research above named. 
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Several districts of the Indian Peninsula have been travelled oveP, 
and Mr. Willis’ investigations have thrown much light on the habits, 
development, and afhnities of the plants composing the Order. 

The first instalment of his memoir, dealing especially with the classi- 
fication of the Indian forms, is nearly ready, and will shortly be followed 
by a second paper on the morphology and natural history of the species. 

As the object of the grant has now been fulfilled, the Committee do 
not ask for reappointment. 


Fertilisation in the riuvophifceai, — liepoii of the Committee, consisiimj 
of Professor J. 13. Fakmek (Ohainnan), Professor 11. W. Pniixirs 
(Sfrrcltiri/)^ Professor F. O. Bowioii, and Professor Hauvey 
Gibsox. 

The Committee report that the giant of 15 ^ ma<le at the Bradford meeting 
has been expended by Mr. J . LI. Williams in connection with the above 
research. 

Mr. W'illiams’ results are now practically complete, and will shortly 
be embodied in the form of a memoir. 


The Injlae-tice of the Unirersiiics on Srhool Hflficatloii. 
liif the lit. Rev. John Pekcival, I.ord liishop of llcrefont. 

The subject before us this morning, as 1 am givcm to understand, is not 
the general influence of universities on national life and cliaracter, a 
subject of the highest interest and importance, and nowhere better illus- 
trated than in Scotland,— but simply the consideration of some practical 
questions suggested by the relationship in whii*h our ancient English 
universities stand to the education given in our secondary schools. 

And, although we are met on Scottish soil, and may very well hope to 
obtain some help and guidance from Scottish example, as I have no 
direct personal experience of the Scotch llniversity system, though I 
possess a highly prized degree conferred by your most ancient uni\ersity, 
I must be content to base my observations and suggestions exclusively on 
niy English experience. 

I even leave out of my purview the newer English foundations, such 
as the University of London, the Victoria Pni\ersity, the various 
university colleges of our great provincial cities, and that latest birth of 
time, the University of Birmingham. 

It is from no lack of appreciation that I do this, but partly because, 
as yet, these modern institutions do not exercise tlie same influence as 
the older universities on our general system of secondaiy education, and 
partly because, having so lately grown u}) under the pressure of actual 
local or national needs, they are not open to the same criticisms. 

Our great English universities have till quite recently, as regards their 
direct action and influence, been to a large extent, we might almost say in 
the main, the universities of the privileged and the professional classes. 
Within my own memory they were indeed virtually monopolised by those 
members of the Established Church who belonged to these classes or wero 
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seekinp' to enter them. To the mass of the people they were something 
vague and far off. 

Sixty years ago a distiiiguisliecl (German, in his description of them, 
said that their aim was to produce gentlemen, especially Tory gentlemen ; 
and J am not sure that any of us could prove him to have been altogether 
mistaken. 

But for half a century the process of nationalisation has been going 
steadily if not rapidly forward. It has been and is the earnest desire of 
the men who inspire and direct our university life to make them national 
institutions in the Vjest and truest and broadest stjiise of the term ; and 
they are, I feel sure, ready to givi‘ sympathetic, and favourable considera- 
tion to any criticism or suggestion which is likely to help to vai ds this 
end. 

Thus 1 venture to think they will welcome the fliscussioii by so weighty 
a body as the British Association of tliese very practical questions : — 
How do our ancient universities act with special or directing or deter- 
mining influence on Knglish school education ? And in connection with 
this influence are there any reforms which would be clearly beneficial ( 

The answer to such impiiries has to be mainly sought through obser- 
vation of the examinations they conduct or require, the u*^© they make 
of their endowments, and the type of teacliers they train and send forth. 

Through its e\aniiiiations the university largely determines the 
euiriculum or relative amount of attention bestowed on different subjects 
of study in the schools thatprejwirc^ for it. 

Through its endowments and prizes it fixes the bent of study to be 
pursued by the most promising and ambitious students ; and finally, by 
tlie stamp it puts on the teachers sent out, their attainments, their 
tastes, their aims, opinions, and ideals, it sets the tone and tendency of 
both life and work in the wide field of school education. 

I. As regards examinations we have to look chiefly at — 

( 1 ) Examination of schools or of hoys and girls still at school. 

(:i) Kntr.ance examinations to colleges i»r to the university. 

(.’I) h]xainination of students during the university course. 

By tlicir school examinations, such as the local examinations, the 
examinations of the Oxford and Cambridge Joint Board, and examinations 
for commercial and other ccrtificiates, experience shows that the univer- 
sities ha\e done a \ery good and useful work, and tlu^y have done it in a 
liberal and p] ogro.ssiv<* sjurit. 

Tlic committee's charged with this work have been allowed a tolerably 
free hand ; they have sought the host practical advice, and they have 
ainu'd at consulting tin* nccils of ditVerent types of school, whilst careful 
to maintain a reasonable standard of j»roticienoy as a qualitication for 
their \a.rious certificates. 

If there are defects in any of these examinations the authorities of 
schools and publi<‘ opinion are to a great c'xtcnt lesponsihle for their 
continuance. 

But when we turn fmm tlieso outside examinations to the comUtioiis 
of entranee. to tin* university itself it must be admitted that we meet with 
some survivals that seem altogether out of date, and some obvious defi- 
ciencies that call for attention and reform. 

Taking the case of Oxford, with which I am more familiar, it is to be 
noted that the examination known as Responsions or its equivalent is 
1901. G G 
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prcactically the wicket gate through which every sbudent must enter the 
University. The various colleges .are free to admit students on their own 
terms with or without examination, but as a matter of practice it is 
usual for a college to require the passing of llesponsions either before 
commencement of residence or in the course of the first term, so that for 
actual influence on the ordinary curriculum of secondary schools we may 
disregard all qualifying entrance examinations except this one. 

Wliat, then, does the University in this examination require of a boy 
fresh from school ? 

Turning to the examination statutes we find that every candidate 
desiring to pass Responsions or its equivalent examination has to reach 
the requisite st<audard of attainment in the following stated subjects, and 
in these only : — Latin, Greek, Elementary ^Mathematics. 

8o much for the subjects required. But a glance at the papers set will 
show that as regards the literary portion of the examination the study 
encouraged is almost exclusively grammatical and of a very rudimentary 
type. 

The writing of elementary Latin prose, the translation of passages 
from one or two prepared books in each language^ and the answering of 
questions on elementary grammar form the staple of the examination. 

No knowledge is required of the art, or literal urt‘, or history, or general 
life of Athens or Rome, and little or no iiujuiry seems to be m.ade even 
as to the authors or contents of the books specially prepared. 

The mathematical part of the examination is also open to criticism, 
though perhaps in a less degree. 

But the really surprising thing is that natural science still meets with 
no recognition, modern langu.ages are ignored, and no ([uestions are 
asked even as to the candidate's knowledge or ignorance of our own 
languages and literature. Here, then, it must be admitted, is some room 
for expansion. We are even tempted to pause and inquire whether wo 
have not stepped back into some earlier century ; and 1 venture to think 
th.at it would be difticult to point to any single educational reform which 
is more urgently needed or would be likely to produce a more wholesome 
effect on the teaching in our secondary schools than a r(*form (»f this 
examination. 

In the first place if it were made permissible to offer certain equivalents 
in place of Greek, this single modification would bring our universities 
into touch with that large and increasing group of modcTii schools or 
modern departments in schools which an? now suffering from lack of this 
connection. 

The existing requirtmient of <ireck from every candidate, together with 
the accompanying exclusion of modern languages and natural science from 
this examination, practically dissociates this whfdo class of modern schools 
or departments in schools from direct univi*rsity influence, and tin* effect 
is found to be specially unfortunate in ilu*. modern departments of tlu' 
larger secondary schools. 

Whatever may be a boy's ultimate aim or profession or business in life, 
if his intention is to pass through the university these conditions amount 
to a warning that he had better avoid a modern school or modern depart- 
ment. 

Consequently such schools or departments are very liable to become 
the refuge of the dull or the idle or those who are preparing for nothing 
in particular, so that standards of effort and attainment are inevitably 
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lowered. In drawing attention to the consequences of these antiquated 
university ;irriing'*nu'ii('; I desire to say that I am not raising theoretical 
or hypothetical objections to them, but simply speaking of what I have 
seen and known in one school and another ; indeed, I would claim that 
throughout this paper I have been careful to bear in mind the old 
Newtonian example which is, T imagine, sometimes disregarded even at 
the l^ritish Association, ‘ Hypotheses non lingo.' 

Thus, as the result of my personal experience, the first reform I 
would advocate is that Responsions without Gre(»k should be made an 
avenue to a university degree for all candidates who can reach a good 
standard of attainment in certain equivalent subjects of study. 

So much for our first change in the direction of liberty of c*lioice. 

We may now go on to consider whether or how far any other changes 
would effect some im[)rovement in the kind and quality of ordinary school 
education. 

So far as the school curriculum is influenced by this examination, with 
its rigid excrlusion of everything but elementary mathematics and the 
grammatical study of two dead languages, it must be obvious that it would 
be improved by an infusion of subjects and methods, tlie greatest of all 
needs in our English education being scientific methods, that would help 
to develop such <pialities as observation, taste, thought, and interest in 
the wi»rld around us. 

With this view T venture to put the question whether the following 
scheme of re(iuirements on entering Oxford or Cambridge would not 
constitute a nvisonablo substitute for tlio present Responsions or 
Little Go : — 

I . Latin, — The examination to include the translation into English of 
easy unprepared passages, and also some (luostions on a selected period 
of Roman history and literature, 

Kleineiitary math(*matios, — More attention to he given to scientific 
arithmetic and to easy original work in geometry. 

.‘5. The elements of natural science and scientific method. 

4. An elementary knowledge of either Fn»nch or German or Italian. 

T). English. -'Flie <*xaminatiou to include — 

v^) English c< imposition. 

(h) (Questions on some period of English history and literature. 

0. Greek. — The examination to include translation into English of 
easy unprepared passages and als<> some <iuestions on a selected pi'riod of 
( I reek lii story and lib'rature ; or 

i}ff. Frencli, or German, or some branch of natural science.— The 
standard nvjuinMl to be such as to show tluit the candidate is fitted to 
(Miter on an Honour C’ourse of university study. 

It would be reasonable that any student who had passed in three of 
the six subj(^cts liere nHjuired should bo allowed to commence his resideneo 
in the university on condition that he pass in the remaining tliree before 
admission to any other examination iii tin* university eoiirsc*. As univer- 
sity study tends to Ix'come mom specialised it is all the inore nce(*ssary 
thus to secure at the outset a good pndiniinary liberal training. 

Such a scheme as is here indicated would do this, and it would exer- 
cise a most wholesome influence on school (*ducation generally. On tlio 

G G 2 
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one hand it would compel all schools preparing students for the univer- 
sities to give a fair share of attention to modern and scientific studies, 
and more attention than is generally given to our own language and 
literature ; whilst it would at the same time interpose a check on the 
mischievous tendency to premature specialisation of study whilst a boy is 
still at school. 

To these suggestions I have to add one more. 

This examination, like some others at the university, is a purely 
‘ pass ’ examination, in which no opportunity is offered to the candidate 
of winning any honours, and no mark of distinction can be gained by 
work of unusual merit. 

In my judgment the continuance of any such pass education is 
educationally a grave mistake, and I desire to see it made a rule that 
the university will give marks of distinction for work of suj)erior merit 
in every examination which it conducts. 

The reasons in favour of such a change are sufficiently obvious, the 
surprising thing being that the pass examination, with its corresponding 
type of university student known as the ‘ passman,* should have been left 
to survive into the twentieth century. 

A standard which every student is required to reach as a preliminary 
to further instruction or as the (qualification for a degree which is under- 
stood to be within reach of any person of ordinary intelligence is, of 
necessity, a comparatively low standard. 

It represents the minimum of attainment (jualifying for a certificate, or 
diploma, or degree. Xot to win it is to be a failure. 

The natural result is that a large proportion of the students who offer 
themselves for examination, and are, in fact, capable of reaching a con- 
siderably high level of attainment, are content to aim at a minimum 
instead of a maximum standard. This in many cases moaji.s the loss of 
intellectual interest at the very time wh^^n it ought to be cherished and 
.stimulated, a loss which degenerates in not a few instances into down- 
right idleness and waste. 

The pity of it is that many of those to whom the preparation for a 
pass examination, in which failure is discreditable and success no honour, 
ib irksome drudgery would become keenly interested in the ^ ery study 
M hich is now a weariness if their ambition were roused by tht* hope of 
some di.stinction to be won in connection with it. 

So, then, I plead for such changes as 1 lia\e here suggested in the 
belief that the effect would be to send a fresh stream of intellectual 
activity through many of our .schools, to give a fair field to modern and 
scientific studies, and to draw out the undeveloped capacities, the dormant 
faculties and gifts of many of our boys and young men, whilst doing no 
harm to the traditional classical culture of (utlior school or university. 

It may possibly be alleged in some (juarU^rs that my proposed reejuirc- 
iiuuits would lay too heavy a burden on many candidates for admission. 

The argument will no doubt be used that by ro(|iiiring an acfinaintance 
with so many subjects wc should overweight the leariKir or reduce the 
knowledge of each subject to a superficial smattering. It is better, we 
shall be told, to concentrate and make the standard to be readied in any 
.subject studied a fairly high one, and thus give some real mental 
discipline. To this familiar line of argument a .sufticieiit answer is not 
far to seek. In the first place the candidates, as a rule, are at least 
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eighteen years of age, so that they have had a considerable period for 
preparation ; and it is open to question whether the present standard of 
knowledge attained is in all cases a very high one, or one that guarantees 
any great amount of valuable intellectual training. Even within the 
narrow field of the present examination a large proportion of the 
candidates would, T fear, be sorely puzzled by very simple riders on the 
first Book of Euclid, or by any siraightforwai'd piece of narrative in 
Thucydides, or Herodotus, or Livy, or Tacitus, which they had not seen 
before, to say nothing of Horace or Virgil, SophoeJos, Homer, or Plato. 

The fact is that no experienced person looks upon these university 
requirements as in any sense representing what candidates of eighteen 
years of age about to enter on a university course ought to have studied. 
Neither does any cxj)crienced school teacher doubt the c!ip.icity of the 
ordinary boy or girl, if properly trained iii habits of industry and atten- 
tion, to sulUcicMitly master my schedule of subjects. To trie plea that, the 
present limited range of subjects being so iiulitVorently mastered, it 
would be folly to widen the range, the real answer is that the English 
sehoolboy is, as a rule, a very practical peison. He lias no great 
enthusiasm about learning for leariung\s sake ; Ji(‘ lias come somehow to 
understand that a eertain minimum will serve his purpose when he 
presents himself at a college in Oxford, and so his mind is quiescent in 
front of his Xenophon, or Euripides, or Virgil, or Euclid, or it is occupied 
with other things. 

He is eomiiioiily described as an idle boy, Imt this, I venture to think, 
is a misnomer. 

(live him a practical mot is e for learning, extend the range of liis 
practical interest in subjects to be studi(*d, stir his practical instincts, 
rouse his personal ambition by making it clear to him that he may win 
some distinction in such and such subj(‘cts for which he has shown some 
aptitude or ability, and lie sets his mind to work and learns what is 
reijuired of him with an amount of success which is not seldom a surprise 
both to himself and to his teacher. So exjierience shows us to what an 
(‘xteiit our a]iti<|uated educational arrangements leave capacity un- 
developed and let young liv(‘s run to waste. 

My coneluding observation on this subject of examinations is that T 
should prefer to see the examination of secondary schools retained, as far 
as possible, within the circle of university intluence. 

Ev(‘u in the jiresenee of the right honourabh^ gentleman wlio presides 
over us thi.s morning I must pluck up courage to say that 1 sliould regret 
to see it ('stahlislied (exclusively at Whitehall. My ho])C is that whatever 
reforms are instituted tin* headquarters of this work may somehow bo 
maintained in connection with our universities, so as to si'cure that the 
men wlio examine may be familiar with the eurreiit work of both school 
and university, and, as a rule, men who ('ither arc or have been tlu*m- 
stdves engag('(l as teaeht'rs. 

n. 1 now turn to the intluence exercised through university or college 
ondowments. This pai-t of the subject is of such importance that it 
might i»U'‘l\ be considered by a fresh university commission at 

no very distant date, experience having shown that tlm reforms of previous 
commissions stand in need of some further revision. 

The system of election by merit or unrestricted open competition, 
ridding us, as it h.as so largely done, of a system of patronage and privi- 
lege and arbitrary preferences has brought great benefits to English life ; 
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but ill regard to educational endowments, both at school and university, 
it is now seen to have been made in some respects too universal and 
absolute. 

One result of our present system is that prizes go too exclusively to 
the well-to-do. 

A considerable proportion of the endowments both at school and 
college, given as scholarships or exhibitions, is enjoyed by those who do 
not need such pecuniary assistance. There is consequently a certain 
amount of waste which might be avoided. 

But a much stronger objection to this unrestricted competition is that 
the endowments in many cases thus become the rewards, not of the most 
promising ability, but of the most elaborate and expensive preparation : 

‘ To him that hath shall be given.’ 

These considerations suggest that, whilst the principle of open election 
by merit should be scrupulously maintained, the value of oi)en scholar- 
ships and exhibitions, both at school and university, should be consider- 
ably reduced, and the amount thus saved should form a supplementary 
exhibition fund out of wliich the authorities might increase the emolu- 
ments of every meritorious scholar so elected who applied and gave*, proof 
that his pecuniary circumstances were such as to call for this addition. 
They suggest, further, that there should be some modified return to the 
allocation of endowments to districts (the poorer country districts, which 
are sometimes the birth-places of boys and girls of talent, having specially 
suffered by the reforms of the last half-century), care being taken so to 
arrange the allocation as to encourage and cultivate ability and to give 
that further and general intellectual stimulus wliich is given by arousing 
local interest and enlisting in the cause of educational development the 
spirit of local patriotism, thus stirring a good deal of intellectual amliition 
which now lies dormant. 

The ancient country grammar schools, owing to their connection with 
some college at Oxford or Cambridge, undoubtedly exercised in their day 
a stimulative intellectual influence which has been to some extent lost in 
some rural districts of late years. 

Looking, then, to the needs of our rural districts 1 venture to put it 
forward as a suggestion which deserves favourable considiu-ation that not 
less than 5 per cent, of the funds now awarded at Oxford and Cambridge 
in scholarships and exhibitions might be formed into a ‘ county scholar- 
ship fund,’ and offered in due proportions to the various counti(!S on 
condition, in every case, that the county educational authorities provide 
an equivalent sum for the same purpose. 

These scholarships to be confined, in the first instance, to candidates 
born and educated in the county, and to be tenable in any college of 
either university. 

Now that the Honour Schools of the university are tlirown open to 
women, a fair proportion of these scholarships should he made available 
for girls. 

I commend this suggestion to the universities as a reasonable and 
prudent mode of casting their bread upon th(,‘ waters. The result could 
hardly fail to be a wide extension of their influence, tending to make 
them more truly national, whilst it would give a considerabhi stimulus to 
intellectual interest, culture, and progress in every district thus aided. 

My other criticism on the present use of endowments has reference to 
the premature specialisation encouraged and fostered by the offering of 
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scholarships for special subjects. The scholar elected for proficiency in 
classics and mathematics combined, and prepared to read for double 
honours, is said to be almost extinct at Oxford, whilst the literary critic 
complains that in some cases scholarships in mathematics and natural 
science are awariled to candidates who are almost entirely destitute of 
the elements of a liberal training. 

It may, I fear, also be said that history scholarships are at times 
awarded to boys who have been divcirted to exclusive reading of history 
at a time when they would have been better employed on the general 
curriculum of school work. 

And it might even be urged that in many schools the classical training 
is little more than a sort of old-fashioned specialisation on the learning 
of two languages, with very little of that training of thought, or taste, or 
faculty which would be given by an adequate amount of attention to a 
wider range of subjects, and, wliat deser\es to be specially noted, with no 
training at all in scientific method. 

'Whatever force there may be in these various allegations, it must he 
obvious that, in so far as premature specialisation is thus cmcouraged by 
the universities, their influence oii our schools is being exercised to the 
detriment rather tlian the encouragement of a truly liberal and well 
balanced educational system. 

On this theme I desire, in conclusion, to support what T hav(^ b(*en 
saying by calling into the witness-box a very distinguished living authority 
wlio can speak to you from a direct personal expenience of both school 
and university (‘ducat ion (‘xtending o\er half a century — Dr. liutlcr, the 
Master of Trinity Colh'gc, Cambridge, and formerly Headmaster of 
Harrow. 

Ill an address published about a year ago lu^ says : ‘ A new creed 
.seems to havii reacluid us from soni(‘ unaccri'ditt'd (xlucational ^lecca that 
man lives by literature or science alone, and that schools live by scholar- 
ships. 

‘There has arisen in our schools a modern Polyph(*mus, one-eyed, mis- 
shapen. Under his iu‘w name of specialisation pupils and teacliers bow 
down before him, cultivating cxclusivtdy just one part of the mind and 
OIK', only, and that soni(‘tiines thi' least social and the least human, as if the 
boy wcr(' made for the subji'ct of study and the emoluments attaclu'd to 
it, and not the suhjt'ct and its oniolumeiits for tlu* boy. 

‘ It is, for instance, one of my privileges,’ he tells us, ‘ in the college of 
Newton, and Bacon, and Tennyson to have a share in conducting entrance 
scholarsliip exaniiiiatums. 

• In connection witli one of these examinations I take up the English 
essay ptaper or the pap(*r of general <juestit)ns which hy a recent and 
rclined barbarity, sanctioned as yet by only a ft'w collc'gt's, all the candi- 
dates at Trinity are now obliged to atteiiii>t, and the Bnglisli work shown 
up by a considerable proi)ortion of the candidates is simply appalling.' 
Such is f 1 k‘ description given of candidates for the pri/.i*s oll’ered by the 
greatest of Cambridg(^ colleges, and we may fairly ask. If this is the green 
tree, what of the dry '? 

‘ .1 know,^ he adds, ‘from happy experience the excelh'iit English which 
many schoolboys are able to write. But in the' (*ssays I have in my 
thoughts you can detect, after the kindliest st*arch, no mind, no arrange- 
ment, no substance. It would seem as though no tojiic had an intei'cst 
for the writers, and that they had, so far in their lives, found almost 
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nothing to think, to feel, to say. And who, as as a fule, are these un- 
fortunates ? They are the boyKS who have been specialised in that 
modern phrontisterion which pre})ares them to win scholarships in special 
subjects.' And these subjects, it must be confessed even here, are generally 
mathematics and natural science. If time permitted I might extend 
my quotations from Dr. Butler's criticism, a criticism which cuts in 
various directions, like a two-edged sword ; l)ut I must be content to 
note his practical conclusion : ‘ It seems to me tolerably certain,' he says, 

‘ that we must ere long reconsider our methods, and, if the phrase may 
be permitted, redistribute our brilies.' 

My observations on the topics already dealt with have run to such 
length that I must not tax your patience farther. I therefore limit what 
I have to suggest on the influence exercised by our universities through 
the training of teacliers to a few brief concluding woi'ds. 

As a rule the authorities of secondary schools prefer to employ univer- 
sity graduates in all brandies of school education, and it is most desirable 
that this preference should be encouraged and assisted by every possible 
means ; for there is no better stn-vice which the universities can do to the 
nation than that of training and sending out highly qualiliecl teachers. 

And yet till quite recently no attention has been given to this aspect 
of their woi*k apart from the general courses of study which are provided 
equally for men who are looking forward to otlicr professions or to no 
profession at all. 

It may possibly be argued that it is not the business of the university 
to give p:eclagogic any more than imHlical, or l(‘gal, or industrial, or com- 
mercial, or any other form of teclmological training. 

This, however, is only partially true, seeing that in the first place a 
university cannot properly fulfil its function as a teacher of its own 
students so long as it continues to give no training in the art of teaching, 
and ill the next place the relationship in which the universities stand to 
school education is entirely different from their r(*lalionship tothe various 
professions and occupations of later yejirs. 

Thus we may fairly argue that it is high tiiiuj for our ancient univer- 
sities to give more special attention to educational methods, and more 
encouragement than has hitherto been given to the sehjctioii of such 
courses of study and such combinations of subjects as will form the best 
equipment for that large body of students who year by year go out direct 
from the universities to the work of teachers in secondary schools. 

I plead for tliese various reforms on the ground that, wliilst pouring 
a stream of fresh life and interest into many of our secondary schools, 
they would involve no interference with any of the higher functions of 
our universities, no undue dissipation of energy, no h‘ssoning or lowering 
of their work as homes of learning and research. Such changes would, 
on the other hand, bring an extension and deepening of their iiirtueiic<j in 
the general life of the people, making them more truly and more fully the 
universities of the nation, instinct with larger and more vigorous 
activities, and bringing them nearer than ever before in our day to the 
realisation of that ideal which a great English writer saw in his dreams 
when he said ; 

‘ A university is a place of concourse to which a thousand schools 
make contributions. She draws the world to her like ancient Athens, 
and sends out her literature, her preachers, her missionaries into the 
world. 
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* A university is a place which wins the admiration of the young by its 
celebrity, kindles the affection of tlie middle-aged by its bt^auty, and 
rivets tlie fidelity of the old t)y its associations. Tt is a seat of wisdom, 
a light of the world, a minister of the faith, an alma mater of the rising 
generation.* 

Ho, with much more to the same effect, wrote John Tlenry Newman ; 
and it is just bcjcause I desire to see our universities iiiainbiin and extend 
their marvellously fascinating and attractive influence as the nursing 
motheis of all that is best and most illuminating aj»d most powerful in 
our national life that 1 press for the reforms I have ventured to advocate 
in this paper. 

For convenience and clearness it may be well that I should briefly 
summarise the chief suggi'stions I liave ventured to make. 

A. EramhiationH , — 1. The external examinations conducted by the 
universities would in many cases be better and more valuable if made 
more concretci and practical. 

‘J. In llu^ entrance examination to the university (Hesponsioiis or 
Little (Jo), 

(a) (Jandidates .should be free to ofler some .suitable equivalent in 
place of (i reek. 

(li) Some other much needed improvements should be introduced, e g . — 

(i.) An elementary knowledge of natural .science and of one modern 
language should b(^ made oldigatory on nil candidate's. 

(ii.) Ability to write Knglish should !>(» tested, and a knowledge of 
some porio<l of English history and literature should be required. 

(iii.) The examination in Latin or any other language should include 
questions on some ])eriod of history and liUTature, and on the subject 
matter of any prepan'd book.s, together with tlui translation of easy 
pas.sages from authors that have not been prepared. 

(iv.) (/andi<hib‘s should not be excluded from residence before passing 
this examination, nor should they be lequirt'd to pass all subjects at the 
same time, but the j)a.ssing in all the parts of lliis examination should be 
a necessary preliminary to entry for any other examination required for 
a degrf*e. 

(v.) It might reasonably be made fi rule that no scholar should enjoy 
tlie emoluments of his scholarship until he had passed this examination. 

(vi.) Marks of distinction should be given for work of sujierior merit in 
this and every other examination conducted by the university. 

1>. EntioirnunfA . — 1. The value of open scholarships and exhibitions 
should be considerably I’educed. 

2. The money thus saved, or part of it, .should be given in augmenta- 
tion of scholarships held by poor .students. 

.‘3. A fair proportion of scliolarships should be awarded for excellence 
in a combination of .subjects. 

4. As a rule, no scholar .should be allowed to receive any emolument 
till ho. had ^lassed liesponsions. 

T). A percentage of the endowments now awarded as entrance scholar- 
ships (say 5 per cent, or more) should be distributed over the country as 
county scholarships on condition that the county raised an equivalent 
sum in each case ; and a due share of these should be allotted to girls. 
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C. Training of Teachers, — 1. There should be established in each 
university an Honour School or Tripos specially suited for those who 
are to take up the profession of teaching, and qualifying for the degree 
ofB.A. 

2. The establishment of such a school would carry with it the pro- 
vision of adequate professorial and other instruction in the subjects 
required. 


The Tofichituj of Hcience in THementari/ Schoohi, — Report of the Com^ 
mittee, consisting of Dr. J. H. Gladstone (Pliairman) , Professor 
H. E. Armstrong (8ecretarg\ Lord AvEuriiY, Professor W. R. 
Dcnstan, Mr. George Gladstone, Sir Philip Magnus, Sir 
H. E. RoscoEj Professor A. Smithells, and Professor S. l\ 
Thompson. 
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For a number of ycjirs past your Committee have given a tabular state- 
ment showing the increased attention which has been devoted to instruc- 
tion in natural and experimental science from year to year. Up to 1S90 
the Government Code of regulations for day schools was so framed as 
practically to exclude such teaching. Schools were at that time limited 
to two so-called ‘cLass subjects,* which were specifically dcfine<l as 
‘English, Ooogiaphy, History, and Elementary Science,* and of which 
‘ English * must be one. Of the other three ‘ CJeography * has always b(*t!n 
the most popular, and ‘ Elementary Science * was the least so. Hence, 
in the year 1889-90, the number of school departments in which English 
was taken amounted to no less than 20,301, while Elementary Science, 
was taught in only 32. At that period the instruction in English was 
almost exclusively confined to grammatical exercises, and that in 
Geography to topographical details. Nowadays both terms art^ to bo 
understood in a much broader and more scientific sense. At the period 
above named a free choice among these subjects was given, and the pre- 
ponderance of English grammar began to decline, and has continued to 
do so ever since. In 1890-01 the figures for English and Elementary 
Science were 19,825 and 173 respectively ; in 1891-92 they wore 18,175 
and 788 ; the table given below will show the comparative figures each 
succeeding year to 1899-1900. Object lessons were made an obligatory 
subject of instruction in the three lower Standards from September 1, 
1896, and hence the rapid rise in the two succeeding years ; they then 
became merged into the general term of Elementary Science, and, follow- 
ing the terminology of the Code, may sometimes bo included under the 
head of Geography, which may account for the reduced numbers for 
Elementary Science in the last two years of the table : — 


Class Subjects — De- 
partments 

1892-93 1893-91 

1 

i894-9r>: 

j 

1 

1896-96 

r ' 

1896-97 

»- 

00 

X ! 

OC 1 

j English . 

17,394:17.0321 

16,280 ; 

16,:»27 

14,286 

■ - 1 

13,466 

Geography . 

' 14,266 , 16,250 i 

15,702 1 

16,171 

16,646 

17,049 

! Elementary Science 

1 1,073; 1,216 

1,712 : 

2,237 

2,617 

2,143 

j Object Lessons 

i 

1 

1,070 j 

1 8,321 

21,H82 


m 1898-00 


]80!)- 

1000 


I2,09;i 
17,872 18,6.32 

’ 21,301 ! 19,098 
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A still greater change in these figures will probably become apparent 
next year, as the terms * class subjects * and ‘ Elementary Science ’ are 
removed from the Code, and this branch of instruction is covered by the 
term of ‘ lessons, including object lessons, on Geography, History, and 
Com moil Tilings/ The number of departments in ‘ schools for older 
scholars’ for the year 181)9-1900 was 23,214, so that English Grammar, 
which Len years previously was taken almost universally, is now taken 
in little more than onedialf of tln^se ; Elementary )Science, mainly in the 
form of object lessons, being taken instead. 

In last year’s Report your Committee gave the number of scholars 
qualifi(id for grants in specific subjects as compared with the number of 
scholars presented for examination in these seviu’al subjects in former 
years. It se<Mned to indicates tliat the abolition of the system of indivi- 
dual examination had been reci‘ived witli great favour by school managers 
and teachers, and that the work of the upper Standards had been more 
largely devoted to this branch of instruction. 'Jlio returns for the year 
1S99-1900 appear to show^ that the spu i t caused by the change in the 
plan of assessing the grant has not been fully maintained, every subject 
showing a falling-oti' as comjjared witli th(‘ jin^vious year, eitluT aliso- 
lutely, or relatively to the iiumher of scholars in the upper Standards. 


I 


Rp<*clllc SuliJOlth 


Srliol.u’tj tiUtiliftc'd f()r CJrunt'? 





Algebra 

111,18!) 

I09.:i:)i 

Kucliil 

r ), u :’>2 

6.208 

Mcn.suration 

21.818 

21,4:12 

Mechanics 

r>o,:i2 1 

42,r»:i 1 

Animal l*fi}.siolngy 

41,211 

:i6,sio 

15<>tany 


8,00.-) 

l’rincii>les of Agriculture .... 


1.1 66 

Chemistry 

11,7117 

i:i,.-)57 

Roiiml, bight, ami Heat .... 

i,'.u:i 

i,7:i:i 

Magnetism and Electricity .... 


7,02«) 

Domestic Economy . . . . 

Do, 171 

87,r>is 

Totals . 

:U):b:i7s 



I 

i 


The figures for 189S -99 gave oO-T as the pcrcentag<' proportion of 
scholars (iualifie<l for grant as compared with the possibh‘ numb(u* <if 
students. Those for 1899-1900 gave a percentage of only It does 

not necessarily follow, liowever, that the ultimate result is to bi‘ regarded 
as unfavourable, for it appears that the amount of time gi\en by the 
scholars individually during the year has been raised from about fifty -two 
to sixty hours. 

The aggnigate number of .scholars in the Evening Continuation Schools 
taking subjects of instruction more or le.ss scientific in their character has 
not varied much in tlie year 1899- 1900 from that of the previous year’s 
return, but is still considerably less than in 1897-98, as the following 
table will show. The fiuctuatioii in the individual items is, however, 
larger than might have been expected from the close approximation of 
the totals, ami would rather seem to indicate a want of continuity in the 
course of the studies. 
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Science Subjects ' 

18D()-97 

Number of Scholars 

1 

1897-98 1 1898-99 

, 

, 1899-1900 

Euclid , 

l,03(i 

1,525 

1,210 

1,(501 

Algebra . . . . . . : 

7,4G7 

9,990 

7,132 

' 7,217 

Mensuration . . ... 

27,388 

29,9(;0 

24,309 

i 23,090 

Elementary Physiography 

3,712 

1,807 

1,213 

3,552 

Elementary Physics andChemistiy 

3,135 

2,902 

3,110 

3,497 

Domestic Science .... 

— 

117 

112 

471 

Science of Common Things . 

10,910 

13,874 

11,499 

11,418 

Chemistry 

5,058 

(5,590 

5,9(53 

(5,701 

Mechanics 

1.3r.5 

1,129 

987 

1 1,252 

Sound, Light, and Heat . 

720 

813 

437 

.305 1 

Magnetism and Elect! icity . 

3.831 

3,907 

.3,005 

' 3,244 1 

Human Physiology 

5,8l»5 

0,237 

1,29(5 

, 4,(519 

Hygiene 

3,179 

1,0(;2 

3,270 

3,228 ' 

Botany 

(;92 

70:5 

597 

' 718 ' 

Amiciiltiii(‘ ..... 

2.355 I 

1 2,300 

1,82(5 

1,847 

Horticulture ..... 

1,001 

1,351 

1,350 

1,511 

Navigation 

08 

37 

1(5 

118 

Ambulance 

9,080 

13,030 

12,980 

1 11,838 

Domestic Economy 

1 9,505 

23,271 

19,915 

’ 18,908 

Totals . 

107,012 

120,710 

10(5,0(55 

108,228 1 


The alterations which have been made in this year’s Cod(‘ for England 
and Wales, beyond embodying last year’s Minute establishing Higher 
Elementary Schools, consist mainly in the abolition of the schedules of 
instruction ; teachers are thus left free to adopt whatever course of study 
they think best, or to follow inoie or less closely the specinu'u schemes 
which have been issued liy the Board of Education for their guidance, 
and which were referred to in last years report. In the nuitte.ruf Higher 
Elementary Schools very little progress has been made. The School 
Jloard for London and many of those in the larger provincial towns 
proposed to put their Higher Grade Schools under the Minute, but very 
few of their propositions have yet been approved by the Board of 
Education ; the net result is that sonic half-dozen or so of schools which 
were recognised as Organised Science Sciiools und(*r the Science and Art 
Department have been transferred to the Whitidiall Board as Higher 
Elementary Schools, and are doing under the Minute very similar 
work to what they were doing before. Only one or two new schools 
have been opened as such. If the School Boards in England and Wales 
had the same freedom of adapting their schools to the special re(]uirenienis 
of the locality that is enjoyed under the Scotch Gode, many more of the 
Higher Grade Schools would ere this have been working under the Minut(‘. 

There has been considerable discussion between the School Board for 
Loudon and the Board of Education as to the reiiuirement by the latter 
of fully equipped Chemical and Physical Lahorfitorit^s for the first and 
second years’ scholars in these Higher Elementary Schools, as w(‘ll as for 
those of the third and fourth years. To comply with the conditions of 
the Minute the children will have to be entered at about eleven years of 
age ; and the School Board contends, and in this they are supported by 
the opinion of eminent authorities, that special laboratories and elabortate 
apparatus are not needed during the first two years, and that such would 
be harmful rather than otherwi.se. The Scliool Board maintain that 
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instruction in the rudiments of Science suited to their age and capacity, 
which can be illustrated by simple experiments in their ordinary class- 
room even better than in an expensive and highly organised laboratory. 

Much dilHculty is experienced by the School Hoard for London in 
obtaining teacliers of exiw^rience. On this matter Lord Reay made the 
following remarks in his Last annual address : ‘ The subject of the 

training of teachers is so important that I should not be justified if I did 
not allude to it. This Hoard has taken great care in providing better 
opportunities for training ex-pupil teachers and pupil teachers, and I 
trust that the increased facilities we asked for training our ex-pupil 
t(^achers for the Certilicato Examination will be granted by the Board of 
Education. The Board had reason to believe that in too many cases the 
view of the teacher in giving a Science lesson was too exclusiv^ely confined 
to simply imparting isolated facts of Science to the scholars. It accord- 
ingly arranged courses of Pedagogical Lectures, confined to teachers 
capable of profiting by them, for the purpose of improving the methods of 
instruction in the practical teaching of Elementary Science. T believe 
tliat these lectures have already resulted in materially increasing the 
efficiency of the instruction, and that with the help of suggestions contained 
in the reports received from ])r. Kimmins, of the Technical Education 
Board, these lectures will be of increased value in still further improving 
the methods of Science instruction in schools of the Board. ^ The Board 
of Education at South Kensington have also arranged that ‘ a limited 
number of teachers and of students in Science classes under the Board 
who inteml to become Science teachers are admitted free for a term or a 
session to the Sessional Courses of Instruction in the Royal College of 
Science.* The London School Board allow leave of absence to any of 
their teachers accepted for this course of instruction. 

A Departmental Committee has been appointed to consider and report 
upon Training College Courses of Instruction. The principal term of the 
Reference was ‘To draw up specimen Two-year Courses of Instruction for 
students in Training Colleges, with a view to ensuring that every student 
who leaves College shall have been through some course which shall pre- 
pare him in the l^esi manner for some one or other of the various types of 
Elementary Schools.* The specimen schemes of instruction are still under 
the consideration <»f the Committee ; but the Memorandum which has 
been already issued sets forth the general principles recommended by the 
Committee. The principal features are the liberty givc»n to the Colleges 
to frame their own courses ; the inclusion for the first time of Elementary 
Science and Manual Training ; the. minimising of examinations ; and the 
association of the t<\*ich(»rs with the examiners. 

The Scotch iMlueatioii Department has this year is.sued a Code of Regu- 
lations for Continuation Cla.s.ses jiroviding further instruction for those 
who have left school. Tliis is to replace the former E\ening Continuation 
School C'Odeand the Science and Art Directory in .so far as that related to 
ev(*niiig clas.ses. The- chief novtdty of this (Axle consists in the fact that 
th(‘ classes may be lield at. any time of the day. ft is also interesting 
to note that there is no superior restriction of ago. I'lie work isari*anged 
in four divisions. The first is apjxirently intimded for the benefit of 
ihtKse whoso early education has been somewhat neglected, and does not 
include any higher subjects than would bt‘ taken in an ordinary school — 
‘ the Principles of Arithmetic with such practical applications as may be 
approved of in any particular case, Geography and Nature Knowledge.’ 
In Division II. the work begins to be specialised under <litterent heads — 
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‘ (E.) Mathematics : Elementary Geometry, Algebra, Mensuration, Dy- 
namics. (F.) Science : the Elementary Study, Theoretical or Practical, 
of Physical or Natural Science, or any branch thereof. (G.) Applied 
Mathematics and Science : (a) General : Practical Mathematics, including 
technical arithmetic and the use of mathematical instruments and tables ; 
mechanical drawing ; (/>) Special : the application of Mathematics and 
Science to specific industries, Machine (Construction, Building Con- 
struction, Naval Architecture, Electrical Industries, Mining, Navigation, 
Agriculture, Horticulture, or any other industry tht*, scientific principles 
underlying which admit of systematic exposition. Whore the nature of 
the subject re(iuires it, previous or concurrent study of (G. a), or of the 
related branch of (E.) or of (F.) will be made a condition of taking any 
subject under (G. i). ... By practical instruction is meant instruction 
under heads (h\) and (G.), which proceeds* mainly by means of actual 
experimental work on the part of the pupils themselves in properly 
equipped laboratories or workshops, supplemented by the necessary 
explanations and demonstrations. Supplementary theoretical instruction 
may be reckoned as part of the practical course, but to an extent not 
exceeding one-half of the time occupied by the pupils in practical work.* 
In Division III. the work is of a more advanced character, and ‘ may 
either provide for graduated instruction in a single subject or for 
systematic instruction in a group of subjects, arranged with a \iew to 
fitting students for the intelligent practice of some particular industry or 
occupation.* A higher grant above that for the Commercial Courses is 
allowed for the Industrial Courses, subject to the condition ‘ that 
provision shall be made in properly ecpiipped laboratories or workshops for 
such amount of pf^actical work on the part of the students (being work 
illustrative of the principles taught, and not merely the practice' of trade 
processes) as the Department may deem reiiuisitein the particular circum- 
stances.’ Division IV. is concerned with auxiliary classes which do not 
come within the purview of this Committee. 

The new Programme of Instruction for the National Schools of Ire- 
land, which was issued in September 1000, abolishcul payment l)y results : 
the compulsory subjects of instruction were considerably changed, and 
the Commissioners of National Education indicated the methods of in- 
struction they expected the teachers to adopt. It gave greater latitude 
to the teachers, both in the organisation of their schools and in the 
methods and amount of instruction given in them. 

The following quotation from the Revised Regulations indicate the 
prominent position that has been accorded to ^Science Teaching in Irish 
Schools : — 

‘ Elementary Science and Object Lessons arc compulsory in schools in 
which there are teachers holding certificates of competency to give' in- 
struction in them, and these branches must be introduced into all schools 
as soon as possible.’ 

In view of the fact that little or no instruction in Science has been 
given for some years past in the schools, the Commissioners have appointed a 
Ifead Organiser for Science Instruction, whose duties are (a) to advise tlui 
Commissioners on matters relating to the introduction and development 
of Science Instruction, (b) to supervise the instruction of King’s Scholars 
in the Training Colleges, (c) to arrange for the instruction in methods of 
Science Teaching of the teachers at present at work in the schools. 

The extract from the ‘ Notes and Observations of the Commissioners,’ 
which will be found in the Appendix, explains the purposes for which the 
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subject is introduced, and indicates the character of the teaching that is 
deemed desirable. 

The problem of giving some training in the methods of Science 
Teaching to the 12,500 tCiichers in the National Schools is a very difficult 
one. It is further complicated by the fact that tlwjre are over three 
hundred large and well equipped convent schools conducted by nuns of 
various religious orders, who would naturally adopt the new subjects of 
instruction if they were properly trained ; but in the majority of cases 
the nuns cannot leave the convents to attend the central classes for teachers. 

Training centres have already been establisheil and laboratories 
equipped in Dublin, Ihilfast, Cork, Londonderry, Waterford, and Limerick, 
and some five huiulred male and female teachers have been taken through 
courses of training during the past year. These courses are of two kinds : - - 

(n) Day at which the teacher atfcmds every week-day for six 

weeks, spending about five hours per day in the laboratory. 

(b) Evpniny eoursea^ at which the teacher attends one or two evenings 
a week for a period of three hours each evening. 

Travelling expenses and a small maintenance allowance are paid to 
teachers attending the.se courses. In addition to the laboratory work, 
each t(‘acher is expected to ])roduce a satisfactory written record of the 
practical work performe<l in the laboratory, and the certificate of com- 
petency to teach is not granted until a satisfactory notebook of the 
teacher’s individual practical work is produced. 

The course of woi’k undertaken in these classes is based on the sugges- 
tions of the Ooininitttje of the British Association, and is similar in 
c.haracter to the old Course 1 1 of the lOnglish Code. Through this instruction 
endeavour is made to impre.ss upon the teachers the importance of the 
method of scientilic impiiry and of habits of accurate work, observation, 
reasoning, and expression ; in the later stages of tlie work for (1 iris’ 
Schools the science underlying domestic economy and hygiene is treated. 

Of the six Training (Colleges two give instruction to both men and 
women, two to women only, and two to men only ; all have during the 
year pi-ovided theiiisidves with laboratories for instruction in Experimental 
8ci(»nc<», and a most praiseworthy start has be('n mad(^ ; thus nearly nine 
hundred students in training have receiNtnl careful laboratory instruction. 
The average size of tlu\se Training College classes is thirty students. A 
new Training Colh'ge for women, to be opened next ses.sion in Limerick, is 
also provided with an cxcelhuit laboratory. 

The Commissioners have* recently decided that the entire Inspection 
Staff is to undergo a course of training under the Head Organiser, in order 
to familiarise them \\ ith the methods the teachers are expected to pursue. 
A number of InsjH'ctors are already attending the.se classes. 

In ord(}r to facilitate the introduction of subjects of practical and 
manual instruction into schools in the poorer districts, the Treasury has 
sanctioned small gi*ants of a])paratus to these schools, on the condition 
that one of the teachers of the school has been through a satisfactory 
course of training. 

The untimely death of the greatly esteemed Professor G. F. FitzGerald 
and the retirement from the Board of Commis.sioners of his Grace the 
Catholic Archbishop of Dublin (Dr. Walsh) are irreparable losses to the 
cause of true education in Ireland. To the efforts of these two dis- 
tinguished educationists, both as members of the Commission on Manual 
and Practical Instruction and as Commissioners of National Education 
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the sweeping and far-reaching reforms in the Irish system of National 
Education are mainly due. It is impossible to overestimate the debt the 
country owes them. 

Your Committee have not felt called upon to express an opinion on 
the important questions involved in the decision of the Court of King's 
Bench in the case of Rex v. Cockerton ; but, whatever may be the final 
outcome of the present controversy, they trust that the interests of 
Science Teaching will not suffer, whatever the authority be to which it 
may be entrusted. 


APPENDIX. 

Irish National Schools. 

‘ Objrcf Lesmona and Ehmcntary Sclf^ncr. 

‘ The Programme provides for alternative courses in Dbject Lessons and 
Elementary Science ; but in most of the rural National Schools it would 
be desirable that the courses embracing the principh's underlying Agri- 
culture and Horticulture should be adopted. In this connection the 
Commissioners desire to direct the attention of INIanagers and Teachers to 
the French Scheme for teaching Agriculture, of which a translation is pub- 
lished in the Appendix to the Report of the Commission on Manual and 
Practical Instruction. At the same time the Commissioners leave 
Managers and Teachers free to select, with the concurience of the Inspec- 
tor, any of the courses that may seem most suited to the special circum- 
stances of the Gchqols. Managers may also submit for the approval of 
the Commissioners other courses than tho^e provided, if they consider 
none of the Programme courses suitable. 

‘ As regards Course I. of Elementary Experimental Science, it is 
intended that, as far as possible, all experiments should be performed by 
some, at any rate, of the scholars. The teaching should be directed, in 
the first place, to produce accurate habits of ex])eriment, observation, and 
thought. The experiment should be undertaken with the object of 
solving a definite problem, and the explanation or discussion of results 
should not take place until the experiment has heen rep(*ated by indi- 
vidual members of the class a number of times. An accurate Balance is 
essential to such a course, and it should not be attempted w’ithout such 
an instrument. The greatest possibles importance should be attached to 
the composition and style of the accounts of the experiment : these notes 
should represent the scholars own version of th(5 experiment. The 
primary purpose of such a course is to produce accurate habits of thought 
and work, and the mere giving of informal ion should be subordinate to 
this purpose. 

‘ In giving instruction in Object Lessons teachers should make a dis- 
tinction between observation of the Object itself and giving information 
about the Object. The pupils in tin*, tii st instance, should he aske.d closely 
to oberve the Object, and to <l(\scribe, everything tlu^y can sec*, or discovc^r 
about it, before the teacliei* gives any instruction on the Object. In 
connection with Object Lessons and Elementary Science Lesscjiis, as in con- 
nection with Manual and Practical Instruction, tho Heuristic method 
should be continuously employed. The pupils should cultivate the habit 
of obtaining knowledge directly and at first hand, finding out for them- 
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selvfis^ and thus developin^j tho faculty of observation. Children should 
also be encouraged to make collections of Natural Objects to be found in 
the vicinity of tlie schools, and each school should have a Museum formed 
as far as possible from the colle3tions of tho pupils. Shells, stones, 
dowers, would form most appropriate objects for a School Museum. 

‘A most useful combination of Drawing and Clay Modelling can be 
introduced as a help to the pupils in Object Lessons. Children should be 
encouraged to make simple drawings or models in clay of the simpler 
Objects. As with Drawing, the teacher should make frequent use of the 
blackboard in connection with Obj(*ct Ijessons. 

‘ Where the circumstances are suitable, school excursions, to see Objects 
in their habitats, could be beneficially undertaken. Thus, a visit to the 
Zoological Oardens would enable the children to compare types of domestic 
animals with which they are familiar with wild animals of the same 
general order. In the same way periodical visits to a good kitchen 
garden would form an excellent series of Object Lessons of a real and 
useful character. W'hile Object Lessons make the school lives of the 
children more happy, th(‘y also fulfil three principal and most important 
uses : they teach the children t(» observe, compare, and contrast ; they 
impart information ; and they form the basis for instruction in Drawing, Ac. 

‘ The courses in Elementary Science detailed in Section V. of Pro- 
gramme are not too dillicult for the ordinary National School pupil. And 
here, again, the Commissioners think it necessary to remark that by the 
courses in Elementary Science they do not wish to train electricians, agri- 
culturists, *S:e., but they wish to give all pupils useful instruction, and 
the possible future electrician or agriculturist such a knowledge of the 
great natural principles underlying his profession as will enable him to 
pursue it with success in after life. 

‘The great end teachers should endeavour to soouro in connection with 
Elementary Science is to jiroduce the scientific habit of research, and to 
impress the leading scientific principles upon the nascent intelligence by 
observation and simple experiment on the part of the pupils, and by plain 
I'xpository and practical illustration on the part of the teacher. 

‘ As .T. help to instruction in Course II., every school should, whenever 
possible, have a small plot of ground as a garden. If this is not feasible, 
garden boxes should be placed in the windows, and be planted with the 
simpler flowers, which could he used for illustrating the lessons. The 
gard(*ns and boxes would, mOre<»ver, make the schools more cheerful and 
attracti\e to the cliildnui, and would aid largely in the development of 
artistic taste ami a love of Naturt*.^ 


CorrrsjHinth'nif Sorirh'r.^ CanmnUre , — liOftorl of {he coiuiislintj 

<>/’ Mr. W. WliiTAKKK Mr. 1\ IIolmfs (Secretanj 

Professor K. Meldola, Mr. Ehancijs Galton, Kir John Evans, 
Dr. d. (L G ARSON, Mr. d. IIopkinson, Professor T. G. Bonney, 
{he htfe Kir CrTiiBEUT PEEK, Dr. lIoRAOE T. Brown, Bev. d. O. 
Hr.vAN, Professor W. W. Watis, Bov. T. B. B. SrERBiNo, ilr. 
(\ H. ilEAD, (tnd Mr. F. W. BUDLER. 

The Correspomling Societies Committee have to report that in conformity 
with their resolution mentioned in the Report of last year notice was 
sent in March last to the Corresponding Societies inviting them to consider 
1901 . II 11 
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what subjects they wish to have discussed at the Conference of Delegates 
at Glasgow. To this request only one Society, namely, the Hertfordshire 
Natural History and Field Club, responded, for the considera- 

tion by the Delegates ‘ The desirability of Coun1»y Photographic Surveys.’ 
As, however, the Delegate nominated by that Society afterwards found 
that he was unable to be present at Glasgow there was a subsequent 
request that the consideration of the subject be postponed. The liev. 
J. O. Bevan’s oiFcr to bring before the Delegates the proposition ‘ That the 
Committees of the Corresponding Societies be in^dted to lay b(»for<^ their 
members the necessity of carrying on a systematic survey of their 
counties in respect to ethnology, ethnography, botany, meteorology, 
ornithology, arch;eology, folklore, iW*.,’ and Mr. C. H. Jlcad’s r(^(|uest to 
have an opportunity of introducing ‘ A plea for an Ordnance Maj) Indcjx 
of Prehistoric Remains ’ were accepted as subjects for discussion at the 
Conference of Delegates at Glasgow, and notice of the same was sent by 
the Assistant General Secretary to the Delegates on receipt of their 
names from the Secretaries of their respective Societies. The question 
of copyright, which was a topic of discussion at the Conference of Deh*- 
gates at Bradford last year, having been taken up by the Cr)uncil of the 
Association, and they having authorised the General Officers of the 
Association to co-operate witli other Societies in regard to tlie (luestiou 
if a Bill be again brought before Parliament, the Committees have taken 
no further action in the matter. 

The IVIarino lliological Association of the West of Sct)tland and th<j 
Hasleincre Microscope and Natural History Society w(*re a<ld(*d to tlu^ 
list of Corresponding Societies. The Mining Association and Institute 
of Cornwall wa§* removed from the list, it having ceas(‘fl to publish. 

Report of the Conferrnce of Delryofes of Corrt spondlmj Soehfleii 
htAil at Glasyou^ Seplf'mhrr 1901 . 

Mr. F. W. Riuller, F.G.S,, Chairman, Mr. W. AVhitaker, T.H.S., 
Vice-Chairman, and Dr. J. G. Garson and Mr. Alexander Somer\ilIe, 
Secretaries. 

The Conferences were held on Thursday, September I ’2, aiul Tm^sday, 
September 17, at o’chuk p.m., in the Medical .1 iiris])rudonce Class Iloom 
of the University, which was also open to I)el(*gates toim^et in at any lime 
of the day during the meeting of the Association. Professor (Jlaisbjr, 
moreover, was good enough to place his retiring room adjoining the class 
room at the disposal of the ofIic(‘rs for m(*eliiigs of (^anmitlee. Vov this 
indulgtmee the best thanks of the Committ<*e are due to Proh*ssor 
Glaister. The following ( Torres] )ondiiig Societies nominated Deh'gatcs to 
represent them at the (Jonf(ii’(‘nces. 1’h(» att(*ndance of Delegates at tlui 
Conferences is indicated l)y the figures I and placed in the margin 
opposite eiich Society, the former figure referring to th(? lirst Conienmet', 
the latter to the .second (/^inference. Whm’e no figui'c is shown the 
Society will understand that its Delegate did not. attend (ul lier of thc, 
Conferences, and that it wa.s the.refore, not rcq)r(‘seiite,d. 

TAst of Ronieties eevding Delegates. 

Andersonian Naturalists’ Sc»cicty . Ci. F. Scotl-Klliot. M.A., B.Sc. 

I 2 Bel fuftt Naturalists’ Field Club . . William Gray, M.U I. A. 

1 2 Belfast Natural History and Phijoso- John Brown, 
phicul Society 
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1 2 


I 2 

I 2 

1 2 
I 
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1 2 
1 2 
1 


1 2 

1 2 
J 2 
1 2 
1 2 

1 

1 

1 

1 2 
1 2 
1 


1 2 
1 2 
I 2 


1 2 
1 2 

1 2 
1 2 


Birrainf^ham and Midland Institute 
ScieiitiHc Society 

Birmingham Natural History and Philo- 
sophical Society 

Buchan Field Club .... 
(^avadoc and Severn Valley FieltlClub 
Chesterfield and IMidland Counties In- 
stitution of Engineers 
(‘royd(m Alicroscojneal and Natural 
History Club 

Dorset Natural History and Anti- 
({uarian Field Club 

East Kent iScituitilic and Natural His- 
tory Society 
Essex Field Club 
Glasgow Geological Society 
(Jljisgow Natural History Society 
Glasgow Philosoj>hical Society . 
Hampshire Field Club and Arcbieo- 
logieal Societ y 

Hertfordshire Natural History Society 
Ilolniesdalc Natural History Club 
Hull Geological Society 
Hull Scientific ar I Field Naturalists* 
Club 

Institution of Mining Engineers. 

Ish* of Man Natural History an«l Anti- 
quarian Society 
fa'eds Geological Association 
Lixcipool (leograpliical So<uety . 
Li\<»rpool Geological Soch*ty 
Mall on Field Naturalist s’ and Scientific 
Socict \ 

]\lanch('st(‘r Geogiajiliical S«»ciety 
Mancli<'‘'t cr Mici O"**!*!*!* id S«iciety 
Maiinc Bi<fioeic.d Ass<»ciatioii td the 
West of Scotland 

Norfolk and Norwich Naturalists’ 
Sociidy 

North ol England Institute of IMining 
and Mechanical Engineers 
North StalVonNbirc Field Club . 
Norlbunibcrland, Diirbain, and Now- 
cast Ic-iipon-'l'yne Natuial History 
Society 

Nottiiiiiliani Naturalists’ Society 
J’aislcy lMiilosoplu<*al Institution 
I’crihshiic Society of Natural Science 
IJochddlc Jjilcrary and Scientific 
Society 

Scotland, Mining Institute of 
Warwickshiic Naturalisls’and Arebas-). 

legists’ Field Club 
Woolboi>c Naturalists’ Field (fiub 
Yoiksliirc Geological and Polytechnic 
Society 

Yoikslnic Natui.dists’ rnhin 


C. J. Watson. 

Alfred Browett. 

J. F. Tocher, F I.C. 

Professor W. W. Watts, F.G.S. 
l^rofessor H. Louis, M.A. 

W. WbiLaker, F.IkS. 

Vaughan Cornish, D Sc , F.R.G.S. 

A. S. Iteid, M.A. 

1’. W. llmllt'r, F (i.S. 

J. P»arclay Murdoch. 

A. Somerville. 

Dr. Freiilaml Fergus. 

Wm. Dale, F.S.A. 

W. Whitaker, F.R.S. 

Miss Ethel Sargant. 

G. W. J^ainplugh, F.G.S. 

T. Slicpi)ard, F.G.S. 

T’rofe^sor Henry Louis, M.A. 

1*. -M. C. Ktnnodc. 

Professor P. F. Kendall, F.G.S. 
Stafi‘-('orn. Dubois I’hillips, il.N. 
.lMSi‘i)h Lomas, F.G.S. 

M. P.. Slater, F.LS. 

Eli Sowerbutts. F.R G.S. 

F W. llcmliry, !• P M.S, 

Dr .Jiiim‘s Pankiii. 

Francis D. Longt*. 

J. H. :Merivalo, M.A. 

R. Hornby, M.A 
Profe.ssor M. C. Potter. F.L.S. 


W. nradsbaw. 

Andrew Henderson. LL.D. 
Henry Coates, F.ll S.K. 
flames Ogden. 

Janu’.s IknroxYinan. 

Wm Andrews, F.G.S. 

Kc\ . .1. (>. P>cvan, F.S.A. 

A. IL DwiTiylioiisc, F.trS. 

Harold Wager, F.L S. 


Firsf S^pttmhr 12 . 

A (-onforoncp of the Delegates of tlie Corresponding Societies in 
connection witli tlie British Association was held in the JMedical duris- 
jirudence. Lt'cture Theatre of the. (llasgow University on Thux’sday, 
September 12, 1901, Mr. F. W. Rudler, F.O.S., Chairman, presiding. 

II n 2 



468 


REPORT — 1901 


The Corresponding Societies Committee were represented at the Confer- 
ence by the Chairman, Mr. F. W. Rudler, the Secretary, Dr. J. G. Garson, 
the Rev. J. O. Bevan, and Professor W. W. Watts. The representatives 
of the Societies who attended will be seen from the list of Delegates. 

The Chairman, in opening the proceedings, said : — If I may judge 
from the opinions which have been expressed at some former meetings, it 
will be the general desire of the Delegates, whom I have now the pleasure 
to welcome, that our present Conference shall be utilised for the dis- 
cussion in a brief and business-like fashion of any suggestions which 
may be made for improving the work of our local Scientific Societies. No 
one mistakes this Conference for a supplementary Section of the Associa- 
tion ; no one comes here, I hope, expecting to hear formal addresses and 
scientific papers such as he may hear and discuss at his own Society. 
But the prime object of these meetings, I take it, is to bring together 
representative members of various extra-metropolitan Societies, so that 
once a year at least they may have an opportunity of rubbing shoulder 
to shoulder ; and, by social intercourse and a healthy exchange of ideas, may 
overcome any of the disadvantages which, in the case of the smaller 
provincial Societies, are likely to arise from insulation. 

But although a formal address is not exacted from the Chair, yet I 
understand that some brief informal remarks by way of introduction to 
our work are not only usually tolerated, but have rather come to be 
expected. On this occasion it might perhaps be assumed that from my 
official connection with museum work T should takr of my 

position to say something about the relation of local ^ ;• >'-*:etie8 to 

local museums. That, however, is a subject which has already been dealt 
with at some of these meetings, notably at the Oxford Conference of 
1894, when an interesting discussion on local museums — their origin, 
organisation, and maintenance — was initiated by the late Sir Cuthbert 
Peek. This name 1 cannot mention witliout adding an expression of 
personal regret at the loss which we have unexpectedly suffered. Sir 
Cuthbert was a member of the Corresponding Societies Committee, and 
a frequent attendant at these meetings ; a man of very varied scientific 
interests, from whom, being in the prime of life, much good work might 
have been reasonably expected in the future. 

In connection with museums it occurs to me that there is one 
unambitious piece of work which local Scientific Societies might readily 
and usefully undertake -work which no doubt has been to some extent 
already accomplished, but which has rarely been carried out persistently 
and systematically. I refer to the Eeifintration of Tti])e~ specimens. 
Every working naturalist from time to time finds himself confronted 
with the difficult tusk of tracing types and figured specimens. These arc 
scattered far and wide over the country, often in provincial museums, 
sometimes in private collections, and occasionally coming to light in 
quarters where they would be least expect(;d. Undoubtedly the best 
central treasure-house for all scientific specimens of exceptional interest 
is the British Museum, and the best thing to do with a typ(;-specinien is 
to present it to that Museum. But in coitain rases there will always be 
more or less objection to this course, and thou the next best thing is 
obviously to place it in some provincial institution and let the scientific 
world know its whereabouts. No doubt this has already been done to a 
limited extent. Thus Committees of the British Association have been 
appointed to deal with particular groups of types, such as fossils ; but 
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what I am anxious to urge is the importanoo of ] r-^-^rr.^ing th-'' work in a 
systematic manner, and extending it to all il- } -.rr. ■ '-i \ . i5m.il lii-iory. 

8o far as concerns the types wliich are preserved in provincial 
museums it may be said, probably, that the work should be done either 
by the museum itself or by that excellent institution, the Museums 
Association, an Association which has recently increased its usefulness by 
the issue of a monthly journal, which I may commend to the attention of 
local Societies. It is true that some of the larger museums have already 
published, or eare now engaged in publishing, lists of their type -specimens, 
or at least certain classes of types. But most museums fail to possess the 
means of carrying out such work and properly publishing the results, and 
therefore could hardly resent the interference of a local Society. More- 
over a museum could not be expected to take cognisance of specimens in 
private hands, whereas a Committee of the local Scientific Society could 
make it its business 1o seek out all the type specimens within its sphere 
of influence, whether in the local museum or in private collections, and 
could give permanence and publicity to the information thus acquired by 
printing the scliedules of types in its proceedings. 

The same kind of research might, in my opinion, be extended with 
advantage to local antiquities, at least to those of prehistoric age. Each 
Society might fitly publish lists of the antiquities which have been 
discovered within its own district, and which liave been described and 
figured. Where the specimens remain in private hands, it is often 
difficult, and sometimes impossible, to trace them, but no one is likely to 
be more successful in the search than the members of the local Society. 
The advantage of knowing, when working at any particular subject, 
where the original specimens are located is so obvious that I venture to 
hope that the Delegates may see their way to urge the Societies which they 
respectively represent to move in the direction which I have indicated. 

It seems to me doubtful whether it is desirable to suggest at this 
Conference many new lines of work to be taken up by our local Societies. 
In most cases they already possess programmes which are pretty heavily 
weighted, some Societies perliaps undertaking even more than they can 
satisfactorily accomplish ; and I believe it would probably be better in 
most cases to systematise and improve the existing work than to attempt 
the introiluction of new departments of study. The governing body in 
each Society might wxdl be charged with the duty of seeing that the work 
is worthy of the present position of science. The steady growth of 
scientific education in this country during recent years ought to tell 
most favourably upon the character of our local Societies. New members 
come prepared with a groundwork of scientific training unknown to most 
of the older membei*s at the time they entered, and as a consequence the 
work of the Society should be lifted to a higher level than that on which 
we were formerly content to let it rest. It is satisfactory to note that in 
many cases this has been thoroughly realised, and indeed a review of the 
proc(HHlings of the various local Societies at the present day shows that a 
high standard of excellence is often attained. 

With regard to geology — the department of natural knowledge in 
which T happen to be specially interested — it is a matter of congratulation 
that so much good work should be accomplished by the several Societies 
which are in correspondence with the British Association. Not only are 
the local sections, the fossils, and the rocks receiving attention from those 
members who are interested respectively in stratigraphy, in palajontology. 
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and in petrology, but attention is being directed to t’ | i.;- ' 

features of the district worked by the Society, or to that ^ 

which is nowadays known as geomorphology. In working out the history 
of the local topographic forms the geologist and the geographer join 
hands, and a grand field is opened up for just that kind of work which 
many members may take up with great advantage. On the fascinating 
subject of river development, for instance, T may point to njcent papers 
by Mr. Buckman, read to the Cottswold Field Club, and by Mr. Paul to 
the Leicester Literary and Philosophical Society. Each local Society 
might well work out the history of the rivers in its own province, seeking 
to explain the whims of each stream, wliy it flows in this direction rather 
than in that, how it has flowed in the past, and how it may possibly flow 
in the future. jVlr. Cowper Reed’s recent Sedgwick Essay on the Rivers 
of East Yorkshire may be taken as an example of what may be done in 
this respect. In the modern view of river* development, largely due to 
American geologists, the stream is regarded as working its way down- 
wards, cutting its channel deeper and deeper, until it eventually reaches 
what Major Powell has called its ‘base-level.’ Then ceasing to work in 
this way, it meanders sluggishly over its plain, until an uplift is etlected 
by some earth-movement, when a period of rejuvenescence sets in, and a 
new cycle of erosive activity is initiated. Jn a somewhat similar manner 
it may happen that a local Society, which in its youth was vigorous as a 
mountain stream, gradually finds its energy on the waru^, and may at 
length reach a base-level of existence, when it flows placidly along, like 
the river in its lower reaches, very beautiful, and no doubt us(*ful in its 
way, yet decidedly sluggish. But these annual nu'ctings ought to act a.s 
elevatory agencies, restoring strength and revivifying the working powers. 
Let us hope, at any rate, that our present Conf(‘ren(;e may represent one 
of these periodical uplifts, and may be the means of starting some local 
Society upon a fresh career of healthy activity. 

I ask you to pardon me for having trespa.ssed upon your time by these 
prefatory remarks, and we shall pass now to the solid business which 
Dr. Garson has to bring before us. It appears that a circular was 
addressed on August 14 to the various Societies (explaining that this 
meeting was to be held, and that a communication would be received 
from Mr. Read, the Keeper of Briti.sh Antiquities in tin' British Museum, 
respecting an Index Map of Prehistoric Remains, but I fear he has not 
been able to attend the meeting. Secondly, therc^ is a conmiunication to 
be received from the Rev. J. (). Bevan, with a resolution to the (iffect 
that the Committees of the C-;!-! p'-j.ill-..: Societies bt‘ invited to lay 
before their members the neoes-'i v *f\ . .ii sn..: on a syst(*matic surv(*y of 
their counties or districts in respect to ethnogi aphy, ethnology, meteorology, 
ornithology, tfec. I am happy to say that Mr. Bevan is with us, and perhaps 
he will favour us with his communication. 

Dr. Vaughan Cornish : On the matter of order, before pro(M'i‘ding 
to a fresh subject for the consideration of this Conference, 1 for one 
should like to know what has been done with reference to the communi- 
cations brought before us last year, in which we were asked to do certain 
things which we were told would be of advantage to science. I should 
like to hear some report of the result of our ett'orts, and if it is not too late 
I should rather like to know what was the result of the communications 
and work which we did in the previous year ; and I think some of us 
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will be interested also, although it is a matter of ancient history, to know 
the result of the efforts made in the year before that. These years cover 
the extent of my oHicial connection with the Conferences, and on each of 
these occasions a learned gentleman has come before us and pointed out 
our shortcomings, and has urged us to fresh activities ; but we have gone 
away, and what wt* have doiu^ or what other Delegates have don(5 1 for 
one do not know, because in the succeeding year therci has been such a 
hurry tt> l>ring on the Jiext proceedings that they have made no report of 
th(i last yt*ai*’s proceedings. 

The Chairman : PfM’sonally I am very grateful to Dr, Cornisli for 
bringing forward tliis subject, because it enables mo to point out that 
though the lireacl which we cast upon the waters liere may not always 
return to us, it may be carried elstiwhere and feed some excclh'iit iSocieties 
or otluii* bodies with scientific pabulum. Last year a special communication 
was made by Professor JMiall on the subject of Dew -ponds, and I took 
occasion on seeing liim yesterday to inquire whether any work liafl been 
done following bis suggestions. It w^as explained to me that he did not 
know that any Society had y(‘t taken up tin* suggestions, but that he had, 
tvith some friends, been carrying on his investigations, and I believe that a 
person who gave him very great assistance in tliat direction in consequence 
of the subject having been brought before the last Conference was the 
Rev. Mr. Cornisli, brotlier of Dr. (''oriiish, so that possibly Dr. Cornish 
Jiims<*lf <*ould tell us what was done better than anyone else here. 
Something, then^fore, has been accomjdislicd, but- the results have not 
been brought before, the Association. 

Dr. Cornish : We somctim<\s mc(*t here and i‘xpross doubts as to our 
usefulne.ss. My impression is that we really ha\<‘ done a good deal of 
work in tin* last threi* y(‘ars, hut sullieient pains have not been taken to 
indicate tin*, results from year to >ear ; and J throw it out as a suggestion 
that at futuia^ ContVrences the record of the i>ast year should precede the 
rect*ption of tlui paper in the next year. 

Air. Eli Sow<*rbutts : We sonn'times have matters brought before us 
of no pos.sible interest to us in the Xortli, and it seems to be getting 
the habit to have, long papers read to us, whether w’e want them or not. 
Tlie difliculty lies in this, that there are no moans of having communi- 
catioii bc^tw’ee.n any of the Societies. We want these nu‘('ting.s to bo of 
use to the British Association, but in a secondary way there is a vast 
amount of use which the l)(*legates’ meetings may be to the various 
Societies scattered all over the kingdom ; and we have great need for some 
meetings by which wc? could come more in contact. We are working in 
our little colonies hero and there, and w’c think we are doing very well. 
Some man may he doing the same thing elsewhere und(*r great dis- 
coiii agement, and if he could communicate with us, through the {Secretary, 
I think that we might be able to help one anotluT. 

I )r. Carson : Tn order to allow us to get on with the busiiu^ss to-day, 
T may at once explain tJiis matter by reminding tlie Delegates that at the 
Siicond Conference they are put in communication with the Secretaries 
of the various Committees appointed by the Britisli Association each year, 
and it is from them that the Delegates or tln^ Secretaries of Societies must 
receive and to whom they should give information as to wliat their 
Societies art', able to do locally to further any iiivt*stigation that a Com- 
mittee of the Association is engaged on. What is actually done by the 
various Corresponding Societies, and the assistance which they have been 
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able to give, should he stated in the reports of the various Committees 
which appear in the Animal Keport of the Association. 

After a long discussion Captain Dubois Phillips (Liverpool) gave 
notice of a motion, to be brought forward at the next meeting, requesting 
that the Conference should receive each year a report on the outcome of 
the work of the previous year. 

The Chairman then called on the Rev. J. O. Bevan to open the subject 
accepted of him by the Corresponding Societies Committee for discussion 
at this Conference : ‘ That the Committees of the Corresponding Societies 

invited to lay heforo their Members the necessity of carrying on a 
systematic survey of their counti(‘s in respect to ethnology, ethnogrnphy, 
botany, meteorology, ornithology, arclneologyq folklore, etc.’ 

Mr. Bevan said : — 

Looking at the number of Societies involved — at the facts that they are 
at work all the year round, collecting and assorting material — that a 
spirit of inquiry has been evoked as to the means by which a larger 
number of Societies could be knit to the General Association and a more 
complete co-ordination secured — it seems permissible to think that (with 
proper care and foresight) the Conference of Dek^gates bids fair to b(iCome 
as important an element of the British A.ssociation as any of the Sections ; 
nay, more, that it may be developed so as to fulfil an independent function 
and to constitute the Association a General Clearing TCouse of Science. 

For some time past the Delegates have been inquiring at the annual 
meetings : ‘ What can we do— what can our Society do— to further the 
ends of science through the Association ? ^ 

Undeniably, the complete solution of this question will demand more 
thought and energy on the part of the Delegates, and on that of the 
Corresponding Societies Committee' ; bur. it n('(‘d hardly be contended 
that if a thing be worth doing it is worth doing well, or that if a Con- 
fenmee of Delegates be run at all it should be lun on business lines 

In all countries tlit're is, and has long Ixa'ii going on, tin' preparation 
of more or less complete researches, and even tin' production of mono- 
graphs dealing with all forms of nature and life — of arclneology and 
history — of population and re.sources— of health and disease and the 
like ; but this has been usually without preliminary consultation and 
agreement between the several bodies engaged as to details of plan or 
scale. Consequently, the work is carried on without any unity as to 
the result, eventuating in greatly diminished usefulness and even 
intelligibility. Hence, the existence of general surveys — ordnance, geo- 
logical, meteorological, botanical, anthroj)ological, and arclueological - - 
in all stages of conjecture and incompleteness ; but the interrela- 
tions of things, e.f/., of geology with •gr.i| nf flora and fauna 
with soil and climate — of territory with race and occupation, with 
national character and religious belief — have been suflered to remain 
unrecognised. Thus national, and especially international, comparison is 
rendered extremely difficult ; in fact, no adequate comparison can lie said 
to exist. One of the conclusions at whicli we arrive is that even the 
better monographic work of the past needs collation, rearrangement, and 
revision. The solution of the problem, however, is fairly in sight, viz., 
that of uniting all surveys into a regional survey, in which, as far as 
possible, all the classes of phenomena occurring in a specific region can 
be observed, recorded, and correlxted with each other, so as to hinge 
together all the sequences of cause and effect. 
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In part, from its general character, the work must be carried out 
under (Jovernmeut sanction and authority, as in tlie cas(^ of the Geological, 
Ordnance, and C^ensus Surveys. Again, the Society of Antiquaries has 
elaborated a scheme for the archa*ological survey of England and Wales. 
The work, how(‘ver, progresses slowly, and does not touch Scotland or 
Ireland. Mei-e at once is opened out a wide held of useful (iffort on the 
part of local Societies well within the compass of individual members ~ 
work as interesting as useful, lending itself, as it does, to literary, photo- 
graphic, and artistic illustration. In tliis connection, moreover, the 
labours of the National Photographic Survey, under Sir J. B. Stone, may 
1 h^ indicated. But it is clear that investigation under more systematic 
lines is to be desiderated in respect of regional surveys throughout Great 
Britain and Trelaiul. This need was touched upon at the Jiiternational 
Assembly in Paris in 1900, and circunistanc(‘s at the Glasgow meeting of 
the British Association serein favourable* for pressing the matter home. It 
is specifically alluded to in this paper, inasmuch as the subject is one in 
which the Corresponding Societies, without exception, would have an 
interest, niul in which would be em})loyed the energies of many members, 
each in his own sphere and in the exercise of his own special gilt. 

It is plain that unlcs.s the w^ork is (‘onducted and systematised through 
scune central oi-ganisation, and tabulated on forms supplied or accepted 
by that organisation, a great part would lx* rendered useless or diHicult 
of com])aris()n. 

Th(‘ interchange of photographs ami specimens would be a branch of 
the undertaking of great interest, and, besides, would contribute to an 
important object, viz., intercommunication between Societies of kindred aim. 

It is hereby sugg(*ste(l that the Conference of Delegates should select 
one or more subjects of pressing int(*rest, and undertake to bring before 
r(*si»ective Socic'ties t.lie advisability of undertaking systematic work 
(each in its ON\ u district) in the.<e <lirections. Tliese atliliated Societies, 
through their l)el<*gates, would be expected to make a return of the results 
— partial or comjdete at the ensuing mei‘ting of the British Association. 

In th(^ choice of subjects three considerations (at least) present them- 
selves : • 

(n) Tht»y should bo of a general kind, capable of being worked up by 
the h»cal Societies in tlieir n*spective districts. 

(h) A ])relinjinary arrangement should be arrived at whereby may be 
dotc*rmined the line.s and limits of investigation, the mode of tabulation of 
results, the s< ale of cliart or map, the .scheme t)f symbolical representation, 
coloration, nonienclatun*, eoiiventional arrangement of detail, the method, 
form, size of publication, and the like. 

(c) A spi'cial .society or expert should be indicated as ready to advise 
in regard to each of the particular subjects. 

Tlio (*nds to bo gained an^ these : The taking stock of all facts by a 
connected series of methodical surveys ; their n^gistration before the 
cori-oding effect of time, the amalgamation of race, or any other cause, 
puts it beyond tlu^ reach of effort ; the full completion of surveys .already 
begun ; the setting forth of results in a manner directly susceptible of 
useful comparison. A collateral advantage would be the discovery of a 
considerable amount of work already elaborated, and (with necessary 
revision and reduction to the common scale) its inclusion in the General 
Survey. 
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A or an extension of past work might be made in respect 

of — 

Meteorological and seismological phenomena. 

Life zones. 

Registration of type specimens. 

Photographs of sections ; records of v. (‘ll-lioi ing.", etc. 

Phenomena of glaciation ; erratic blocks. 

Origin of lakes ; changes of area and depth. 

Coast and river erosion. 

Pond, cavern, underground life. 

Ethnographical, ethnological, arcluvological surveys. 

Botanical survey to include fungi and algie. 

Phenological observations. 

It will be understood tliat this list is provisional, but it is selected by 
reason of the fact that the field has been already entered upon, and that 
little further organ Lation is needed. 

The Conference will make it clear that tliei’e is no intention to dictate 
to the various Societies involved. The suggestions are tentatively put 
forth in the interests of scientilic research, and in response to the demand 
frequently made by Delegates. Each Society will consiiler the matter, 
and, in its wisdom, deal with the subject which seems the more ueai ly to 
come within its purview. 

Cei'tain objections may be forestalled : — 

(a) ‘ Many Societies are composed of men possessing neitln^r the inclina- 
tion nor ability to take a share in a work of this kind, a few individuals 
constituting the* leading spirits.^ Erom such associations much will not 
be expected. Even in this case, how(»ver, the course suggested may act 
by way of stimulation, and these Societies are the ones which nc^cd to be 
waked up* 

(d) ‘The work is already done by our Society for its own neighliour- 
hood.^ Yes, but is it on tlie proper lines, and can it lx? 1 wrought forward 
for publication on the accepted system ? 

(c) ‘ A danger exists lest persons tilled with enthusiasm, but otlu'rwise 
imperfectly qualilied for the task, should be incited to essay th(‘ task. 
This might lead to the production of r(*sults false and misleading.^ But 
it is proposed that persons anxious to conduct any inc^uiry, or to co-o})('rate 
therein, should be referred by the Conimittee of the Corn^spondiiig Society 
to a Society or individual expert in the work who would be in a j)osition 
both to furnish direction and to cluick results. 

I venture to move the resolution which stands in my name - ‘That 
the Committees of the CoiTc'-pondiiitr Societies bo invited to lay IxTore 
their members the necessity of carrying on a systematic survey of their 
counties or distiicts in respect of ethnography, ethnology, metee^rology, 
ornithology, &c.' 

Mr. Gray : T liave very great pleasure in seconding the resolution. I 
think the communication which Mr. ]ievan has read is one of the most 
valuable that we have had as crystallising our (ifforts and pointing out 
what we should really do. Anything in connection with the British 
Association must be done in an or 2 ^^^iff<'d ’vny. I have been a Delegate 
to this Conference from the ri'-r. ■ .N ;■ us d -- Field Club for many 
years, and T do think that the Conference itself has acted like the river 
that the Chairman described. The Society I represent is an active 
Society. Of course we are composed of Irishmen, and necessarily active, 
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and we have done and desire to do good work. With the exception of 
Yorkshire, which has a number of organised Societies joined together, no 
one Society has done more than my own Society. No one has done more 
for arclneology, and we have more material than any similar Society in 
Great llritain. 1 myself started many years ago with a systematic 
grouping of the ancient nnmuments of Antrim and Down, but our local 
work is not made generally useful for national purposes ^,*wing to the 
want of a proper systematic scheme, whicJi should be fornmlated by a 
central authority like the Ibitish Association. It is perfectly usedess for 
any local Society to start a system of its own, because that will be appli<'d 
only locally, and we must adopt some systematised method. I thendbre 
say that there should be an instruction to sucli a Society as ours as to 
the lines on which w(^ should act. I understand that to be the* object of 
this Conference, and I hope the suggestions will be taken so that yvo may 
act upon the lines laid down, and do V( ry much moj’e useful work, as 
might be done by the n'presentatives at the Conference. 

The Chairman : The resolution has been very ably moved and 
seconded, and it is now open for discussion. 

Mr. F. I). Longe : 1 sluuihl like to know whether the British Asso- 
ciation really means to take the initiative in suggesting to Societies what 
local work they should do. If the* British Association will take the lead 
in that way 1 think that practical r(*.sults will follow, but if it is left to the 
ditlerent Soch*ties to take up what they like I think there will be endless 
discussion. 

Dr. Carson : Ihery year the Secretary of the C/V>rres])(mding Societies 
Committee sends a letter to the Becorder of each Section, intimating 
during the lirst week of tlu* Meeting tliat the second Conference of the 
l)(*legates will be h«‘ld on the following Tuesday, and retpie.sting him to 
bring this fact befon? tin* Section of which he is Recorder, so that a repre- 
sentative from the various Cbmmittces apjiointed to do special work in 
connection with that S(*ction may come here and explain to tlu* Delegates 
what work tlujy projiose to do, and how the Corresponding Societies can 
assist tlui.so Committe(*s. 

Prof. J. 11. Meri\ale : Mr. Bevan madt* a practical suggestion, which 
might be carried out, that \Ne should lia\c asocial meeting at least I 
think he meant a social meeting — eacli year. We had a niei*ting at 
l})swich which was a great, success, I think it would be a Vi*ry excellent 
thing that we should havi^ an opportunity of seeing one another and 
discus.sing matters in which we are mutually interc'sted. 

Mr. (fi-ay : 1 am afraid that that suggestion does not come vithin the 
scope of the Association. I think that in Ireland, in accordance with our 
usual hospitality, we may take some steps to have you all together next year. 

The (diairman : I should like to hear some remarks lH‘aring directly 
on the subject which iNlr. Bevan has so ably brought forward— remarks 
that would lead to something definite. 

Captain Phillips : Althougli a systematic survey comes within the 
work of some t)f our Corresponding Societies I do not think it would come 
within that of all of them. For instance, my Society is a geographical 
Society, and the members of it are business nuui, who have their time 
fully tak(ui up ; in taking a survey such as is here ci^ntemplated in 
archaeology you would iiml that my Society would be woefully in tlie dark. 
I shall, howe\'er, lay it before my Committee, but T do not think that T 
shall receive much encouragement, or that this meeting will receive much 
encouragement from my Society on this subject. 
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Mr. Alfred Browett : With the earlier portion of Mr. Sevan’s remarks 
I must say that I feel most heartily with him, and it would he a great 
advantage if these remarks could be put on a leaflet and sent to the various 
Societies which we arc here to represent. Speaking for my own Society, 

I think that we are largely in a state of ignorance as to what is expected 
of Delegates to this Association. I cannot help thinking that if a small 
leaflet were drawn up by the Committee of the Delegates we should 
have something to guide us, and efforts would be made to give effect to 
the suggestions that might be brought before us. 

Mr. Gray : Might I call attention to the fact that the Annual Ileports 
of the Association explain exactly what the relation of the various Societies 
is to the British Association, and that all the work that is done at these 
Conferences is brought, in the report, before the local Secretary of your 
Society, and it ought to be his duty to bring before the Council what is 
expected of you ? 

Dr. Vaughan Cornish : Do I understand that it is not the duty of the 
Delegate to bring these matters before the Society, but th(i duty of the 
Secretary of the Society 'I With whom does the function lie to bring it 
before the Society ? 

Dr. Garson : There is a copy of the Report of the Conferences of Dele- 
gates sent to the Delegate and also to the Secretary of each Society. 

Dr. Vaughan Cornish : But whose duty is it ? 

Mr. Gray : It is the Secretary’s duty to bring it before them when no 
Delegate from the Society has been appointed, and it is the duty of the 
Delegate to do so wJien there is one. 

Mr. Sowerbutts : To make it secure that tin* Report of the Conferences 
is brought before the Societies it was resolved that the Committee be 
asked to send a report to the Secretary as well as to the Delegate. 

Professor Merivale : I wish to suggest that the Societies might do what 
the North of England Institute of Mining and Mechanical Engineers have 
done with reference to geology. We have published sections of Northum- 
berland and Durham. That is rather a large order, and the majority of 
the Societies, even if they should wish to do it, may not be in a position 
to do it. I throw it out as a suggestion to include geology more 
particularly to draw your attentum to tlie immense amount of useful 
work that would be done by the publication of geological sections. We 
have six good-sized voluine.s, and they are invaluable to the mining 
engineer, at any rate, and to others in the district. 

Professor Kendall : T think the suggestion is an admirable o»ie, and T 
can see a way that the ditticulty which Professor INIerivale contemplates 
may be met. A Society which is poor can at h^ast send reports to others 
which can be made available to all comers. It is appalling to think of 
tlie amount of geological information of priceless value which is utterly 
wasted year by year. Many well-sinkers take no trouble to record their 
work, and we only get very vague results. I think that if the local 
Societies would take up the matter and make persevering attempts to get 
into the confidence of the well-sinkers it might easily be done 

Mr. Henry Coates : Before the motion is put to the meeting 1 should 
like to make a suggestion ; and it is this, that instead of coming to a 
formal resolution upon an important matter like this, it would perhaps 
clear the way if Mr. Sevan’s paper were printed in extemo and copies 
sent to each of the Societies, and the Societies instructed to consider that 
paper fully during the coming session, and Delegates be instructed to 
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report upon the position taken up at our next Conference, because there 
is a great deal of detail in his paper that we have not heard to-day ; and 
I think it would form very good subject-matter for the Societies to con- 
sider in detail, and then we would be in a better position to come to a 
resolution at our next Conference. It seems rather like taking an unfor- 
tunate time of the day when we have to come to a resolution without 
having considered the paper fully. 

Professor Watts : I would suggest an amendment in order that the 
subject may be brought to an issue. I ought to say tliat I think any- 
thing in the way of systematising our work would be very important 
indeed ; but I do not think we can expect any good from generalities. 
The Society that I represent — theCaradoc and Severn Valley* Field Club — 
has a little volume called ‘ A Record of Bare Facts.^ It is a very 
unambitious little work, but it nails down certain well known facts about 
the district. I should like to see a small Committee appointed to take up 
Mr. Bevan's paper and bring something before us at our next meeting in 
a definite form. I therefore propose that a small Committee, including 
Mr. Re van, should be appointed to consider this subject and bring a 
definite statement which could be sent to the local Societies that we 
represent, with a suggestioji to systematise work, because it is that kind 
of work that we ])ractically want. 

Professor Merivale : I beg to second Professor Watts’ amendment. 

On the amendment being put to the meeting, after much discussion, 
fifteen voted for the amendment and two against it. 

The Chairman : Then the amendment is carried, and as a matter of 
form 1 propo.st^ to ])ut it now as a suhstantive motion that this Committe.*' 
be appointed. There is 710 one against it. 

A Committee was then appointed, consisting of the Rev. J. O. Bevan, 
Mr. William C<ray, Professor Watts, Professor ^Merivale, and Dr. Vaughan 
Cornish ; Professor Watts to be convener. 

Mr. Sowerbutts : Is there anything to report on the Conference as to 
the (Question of copyright ? We went to a good deal of trouble and ex- 
pense in gathering information to help us to see what the results of pub- 
lishing the Societies’ transactions when the proposals before the Com- 
mittee of the House of Lords were carried out. I suppose it did go before 
the Committee of the Association at least, and we are anxious to know 
how it stands. We are given to understand that the Committee of the 
House of Lords is to he n^appoiiitod, and we .should not be found asleep. 
It is of importance, that the publication of a man’s paper by us should not 
lose him tlu^ copyi-ight. I .sent a copy of the reports and of the cori*e- 
spondemee to every Society, so that if the Delegates have not got it it is 
th('ir own fault. 

The Chairman : The Council of the Association has empowered the 
oflicers to co-operate with other scientific Societies for mutual protection 
if this Bill should be brought forward again, but at present it has lapsed. 

The meeting was then adjourned. 

Second Con/t rrnce, September 17. 

The Second Conference of Delegates of the Corresponding Societies of 
the British Association for the Advancement of Science was held on Tues- 
day, September 17, 1901, Mr. F. W. Rudler, F.G.S., Chairman of the 
Conference, presiding. 
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The Corresponding Societies Committee were represented by Mr. W, 
Whitaker, Mr. F. AV. Rudler, Dr. J. C. Garson, the Kev. J. O. Be van, 
and Professor W. W. Watts. The representatives of the Corresponding 
Societies present will be found in the list of Delegates. 

The Chairman : It will be remembered that at our last meeting Cap- 
tain Dubois Phillips gave notice of a motion which he would bring forward 
to-day, and I now call upon him to move it. 

Captain Phillips : The resolution 1 have to propose is in the following 
terms : — ‘ That the Corresponding Societies Committee bo requested in 
future to bring before tlu^ Conference of J )eleg.ates soim* account of tJie 
outcome of tln^ Conference of the preceding year.’ ‘ (lOod wine needs no 
bush,’ and J desist from making any remarks upon tlic! resolution. 

J)r. V^iughan Cornish : I rise to second the resolution movt*d by Cap- 
tain Phillips, which was to some extent discussed at the last m<'eting. 
Any outcome of this resolution must entirely lie within the discretion of 
the Corresponding Societies Committee, and therefore T follow the ex- 
jimple of Captain Phillips, and simply second that resolution without 
discussing its merits. 

The Chairman : This motion has been mov(‘d by Captain Phillips and 
seconded by Dr. Cornish and the matter is open for discussion, but wo 
discussed it so fully at the last meeting that I doubt whether it is reason- 
able to say much more on it now. We arc all agreed upon it. 

Mr. Whitaker : T am not going to dis(‘uss this r(*solution, as F have 
no doubt the Corresponding Societies Commit1(*e will fall in with it. 

The resolution was then put and carried. 

The Chairman : At our last meeting a small (’ommittee of Delegates 
was a])pointed for the purpf»s(» of considering the suggestions brought 
forward by the llev. Mr. Bevan ; and Professoi* \\ atts, as eomener of that 
(Vunmittee, will kindly bring up the report. 

J'rofessor Watts : CVnnmendabh* brevity lias been the k<‘ynote of tliis 
meeting so far, and I shall try to follow on tlu' sanu* liin'S. Tlie Com- 
mittee met and, en(l(»avouring tt> act in aceordaiue with the sense' of the 
meeting so far as they could gather it, have drawn up the following 
recommendation whicli T shall read presently. ]n so doing they have 
endeavoured to avoid in any way dictating to the local Soi ieties which 
have been doing good work along certain systematic lines, and we only 
wish to suggest that other Societies might take some part in tin's work. 
Some Societies may take up one branch and some another. Tlu' mere 
fact that these Societies an* represented here is siitliei('nt evid(»nce that 
they are doing good work on tiieir own account, so that no question arises 
on that score. There are certain subjects on wliich .systfiniatic work h.'is 
been done, but that work is of c<»niparatively little value because of its 
not being carried on all over the eountry. Now, although local Societies 
are doing a good deal of wo?*k, thertj are frfiqiiontly inembens who are 
ready to take up new lines of work if these lines of work are sugg<>stcd 
to them. The Committee have apptmded .such a list-, but tliey regainl that 
list as merely provisional for this year, and tliey have avoided in most 
cases including subjects which will be brought before this (Jonfereuce by 
the Delegates from the different sections. They would like to ask that, 
this list should stand or fall as it is for tliis year, till it is seen how it 
works. If the matter is good, then the list can be added to or .subtracted 
from, and in any case the work can be capitalised in that way. This is 
what the Committee recommend : — 
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Tho following provisional list of subjects, together with the names of 
some of the Societies which have already done work in connection there- 
with, and the names of persons who would bo willing to receive com- 
munications thereon is recommended by the Conference of Delegates for 
adoptioi by the Corresponding Societies Committee of the British Associa- 
tion, and to be issued by them to the Corresponding Societies in the hope 
that those Sooioti(»s not already engaged in similar work may take part in 
so much of it as comes within their scope, in order that the work may be 
extended over a wide area, ami be done as far as possible upon a uniform 
system : - 

‘ Registration of Type Speciimuis,’ Dr. A. Smith Woodward. 

‘Coast Rrosion,' Mv. \V. Whitaker. 

‘Record of Jiore Holes, Wells, and Sections,' >^"i>rlh of r.ngland 
Institute of ^Mining and aMechanicfil Engineers, and Prof. .1. H. Morivale. 

‘Tracing tlui Courses of I- ndergrouiid Water,’ Yorkshin^ Geological 
and Ikdy technic Society, and Mr. A. 11. Dworryhouse. 

‘Erratic Blocks,’ Yorkshire Naturalists* I’nion, and Professf»r P. F. 
Kendall. 

‘ Geological Photogra]jiis.’ Belfast Naturalists’ Field Club, and Pro- 
fessor W'. W. Watts. 

‘ Und<*rgrouiul Fauna,’ Rev. T. 11. R. Stehhing. 

‘ N'ariatinns in the C'ourse of Rivers and Shape of Lakes,’ Dr. IT. R. ^lill. 

* Ar<*ha‘ological Survey by Counties,’ W«)olhopo Field Club, and 
Rev. J. O. I*e\an. 

‘ Ethnograpliieal Survey,’ Anthropological Institute. 

‘Botanical Survey l)y Counties,' Mr. W. G. Smith. 

‘ Pilot ogra])hi<* Record of Plant.s,’ Mr. A. K. Coomara-Swamy. 

1 beir, then, to mo\e tliat that repruM. of tlu» (Sunmitleo h(‘ adM]>toil. 

.Mr. iiray; I ha\c j>h'asurc in secontling tli«' motion. As one who 
wont ov<T tiie list, any ohjecti»ms that I had ha\c been (*tV(M*tively met. by 
the report of the* i^onnnittoc. 

Th(* (/hairinan : This resolution has Immui moved by Professor AVatts 
and .seconded by iNfr. tJray, and the subject is now open for diseussioii ; 
hut 1 wouhl venturi* to remark that as wt^ have a great deal of work 
likely to come liefon* us this afternoon, those Delegates who favour us 
witli their views should do so as coneisely as is et>nsistent with elearness. 
That suggestion 1 am bold enough to make, not for tho purpose of fetter- 
ing discussion, but. to avoid any undue prolongation of our sitting. 

Captain Phillips : Since last, meeting I have taken sonu* ]>ain.s on the 
subj»*ct of the suggestion linmght b(*fore the meeting hy the Rev. 
Mr. Bevan. 1 have written to Jjiverpool, and 1 tind that most of the. 
work that is spoki*n of, archaiological, geological, and biological, has been 
taken ii]) for years by tho Societies there, and the work has hei'n dom^ 
and is all tabulated and charted. J think Munething might be tloiie by 
this ( Vuiference g(‘tting into eominunicat ion with tho tliHerent Societies, 
and getting their work done so as to make a harmonious whole for the 
country, instead of having it only in dt't ached groups. 

On being put to the meeting the motion was uuanimously agreed to. 

The Chairman : 1 uudei-stand from Dr. Garsoii that we are favoured 
to-day with the pre.sence of certain iiiember.s from the, various sections, 
and it is my duty to call upon those representatix es to tell us whether 
they have anything to report or not. 
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Section A, Mathematical and Physical Science. 

The Chairman : The work of Section A includes ;^^eteorology, which 
is a subject very largely taken up by the Corresponding Societies, and 
often discussed in these Conferences. As there does not seem to be any 
representative present, we pass to 

Section B, Chemistry. 

Professor Herbert M‘Leod : I should like to say on behalf of Section B 
that we have nominated a Committee to register the scientilic chemists 
who are at work at different manufactories. Lately a great contrast has 
been drawn between the way that this country and Germany and other 
countries are using trained chemists in all their works, and we are 
seriously afraid that the numbers in this country are very small. The 
Committee was nominated by Section B to investigate this matter at the 
suggestion of Dr. Armstrong. It strikes me that it is not impossible that 
many of the members of this Conference might be able to assist in finding 
out the names of these people. It is not easy for persons living in 
London to send round to the different works and make imiuiries when 
they may not know even of the existence of these works, and these 
gentlemen may not be able to assist. 

1 should like to refer to another subject which ratlu'r interests 
me at the present moment — I mean the tremendous number of scientific 
serials that exist. I do not say that they are not of the gr(>atest possible 
value, but when I tell you that there are about 4,000 serials that 
have to be indexed for the International Catalogins you may know the 
amount of time that is consumed in indexing them. I have in my hands 
the continuation of the Catalogue of scientific papers of the Royal S(jci(ity 
from 1884 to 1900, and I cannot tell you the number of perio(li(*aIs of 
which we have a list, but it must not be far short of 1,000. It is possibh* 
that these may contain papers of great value, and some must be of com- 
paratively small value. We do not wish to catalogue any reprints or ab- 
stracts. I think that many members of this Conference might be of great 
assistance to us in telling us what would be advisable to index in their 
own periodicals, and if any of you will be good enough to write to me on 
the subject I shall be delighted. We begin at 18<S4, and we go up to 1900. 

The Chairman : I understand that the representatives of the Sections 
are supposed to explain to the Delegates what work the Corresponding 
Societies can do to assist the various Coinniitt(»es that are aj>pointe(l hy 
the Sections. Then we conic to 

Section C, (JKOLO(;y. 

Mr. A. S. Reid : I was asked to represent Section (J. 'J’Ik h* has been 
no new Committee nominated in Section C, and there ar(‘, only tin*, old ones. 
The subjects which appeal to all the*. Societie*.s are*. ge*ological and plmfn- 
graphicj subjects, the registratie)n of type speciine'.ns of fossils, and thes 
ineiveinent of underground waters. The*. oiIut* subjeu ts do ueit appeal lo 
S') many. The exploration of Irish caves does not naturally appeal 
to any of the English or Scotch clubs, and the study of the structure <»f 
crystals is more a matter for experts ; but we have the^ .subject of erratic 
blocks and their area. The Geological Photographic Committee has been 
doing certain new work during this term of office, which Professor Watts 
could explain. 
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Professor Watts : T am glad to take this opportunity of expressing 
how deeply grateful I am to the local Societies for the help they have 
given me during the time T have been Secretary of the (leological Photo- 
graphic Committee. 1 should think that there are twenty Societies 
which have contributed photographs, often very valuable ones, and at 
least twelve So(;ieties have, done something or other towards making a 
photographic survey of their geological districts. If there are any gentle- 
men ])ref‘ent at this Conference belonging to the counties at present 
unrepresented which I am going to mention, I hope they will see that 
their counties are no longer unrepresented. Rutland, Kuntingdon, and 
Cambridge are the only counties in England which have not yet con- 
tributed. There are tliree Welsh counties and eleven Scotcli counties 
and fourtee,n Irish counties. Amongst these crmnties are such interesting 
counties as Brecknock, Dumbarton, Ross-shin*, Wicklow, Kilkenny, and 
Waterford, in all of which there is a lot of geological work to he done. 

1 think I should make some slight allusion to the Publication Committee 
that has been formed in association witli us. It was thought that there 
were a good many Societies which might like to liavo copies of photo- 
graphs, and th(‘re have been made sixty or eighty or possibly a hundred 
sets of pi*ints of interesting geological phenomena. Delays have un- 
fortunately occurred, hut still we are pushing on, and h(‘pe to complete 
the publication ^^ilhin the specified time. Tlie set of photograjdis that 
should iiave becui issued in 11)00 is still unissued, but the prints are pre- 
y)an*d, and the slides will very shortly he prepared, and I hope they will 
be issued to subscribers within a month. 

!Mr. Whitaker ; 1 would like to add a word on this matter, referring 
not otdy to Section C\ hut to others. Unfortunately the grants were 
much cut down. An application was made for a grant for the geological 
]>hotogra[)hs, and instead of obtaining 10/. it has fallen to o/. I hope 
some iiu'ans will he taken to make up the n/., because I am afraid if we 
<lo not Professor Watts will sutler in pocket, and tliat is not a thing that 
should bo allowed. It is a splendid Ctominittee and does inagnilieent/ 
work, and I have benelited very much by it, and through me others liave 
lienctited by it, but the ah.senoe of money is very unsatisfactory, and 
soim*how or other we must try to get a little more funds. 

Th(» C.Miaii-man : We are greatly indebted to Profes.sor Watts not only 
for giving this interesting explanation to the Conference, but also for the 
amount of labour Ik* has spent upon this work. lie is the life and spirit 
of the C^ommitt(*e, as we all know, and it is pleasing to hoar that he has 
been so ably assisted by a large number of local Societies that are in 
c»)!Tespondence with us, 

Prof(*ssor Kendall : I should like to put in a word about the grant 
for the erratic blo(*ks. 1 had G/. last year and spent it all and more than 
all. I tlumght that I w’oiild make a modest demand this year, and that 
if T asked for 10/. I should get 5/. . I modestly asked for 5/. and got 
nothing at all. That is rather a hard case. Tlie expense of the erratic 
blocks Committee is considerable. In the present year it is particularly 
unfortunate. In my report I am making an offer which will inevitably 
involve an expenditure of time, which we all expect, and of money, wbieli 
we do not expect. Three years ago I visited Norway to study and collect 
.■specimens of the most characteristic rocks of Norway that we know to 
occur in the Hritish group, and I have brought back about a ton of them. 
Last voar T wont and collected on a liberal scale the rocks on the 

1001. 1 I 
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Cheviots with the same end, and in the present year T have sent sets of 
rocks to any local Society making application for such type rocks as are 
likely to occur in their districts. I made that reservation, because I do 
not see the use of supplying a South Welsh Society with N<)r\v(‘Lrian rocks, 
or of sending rocks from the Lake District to the North of Scotland. 
This involved me in a good deal of trouble and a good deal of expense, 
but I grudged neither the trouble nor the expense wliile tlio work was 
continued, but it is iny experience that local Societies will just go as far 
as they are pushed, and directly we leave off pushing they stop. We 
have a magnificent record of erratics in the Liverpool district, but I am 
inclined to think that the local Societies there consider that they have 
reached an approximate finality in this work. We have' also had records 
of the Pennine Chain through Lancashire and Yorkshire, but with these 
exceptions we have scarcely any records coming in at the present time. 
The Isle of Man was being done, also the North of Ireland under the 
very energetic guidance of the Belfast Naturalist Society, who have done 
very admirable work ; but these arc two bright spots ov(*r a v(*ry dull- 
looking map. In Scotland we have no erratics rt'corded at all. I sent a 
circular to every one of the Corresponding Societies, and I got a small 
number of responses ; one response which came from Scotlajid gave 
me the assurance that the erratics in Scotland had been done, but 1 
have failed to extract any useful or any considerable amount of useful 
information from the records, which relate largely to the position of 
boulders and other characteristics. I had only a few records from Ireland. 
The scope of this Committee has been enlargt^d deliberately at the rocpiest 
of the Committee itself, and I do hope that the Corr(*sponding Sociotii‘s of 
the British Isles will make a response, and if any locality will indicates 
anything in reason in the way of assistajicc I can give by means of 
specimens, &c,, I shall be very pleased. 

The Chairman : Professor Kendall has our sympathy in tho imfortu • 
nate position in which he finds himself. W(i may now pass to 

►Sectiox 1), Zoology. 

Mr. Denny : I am supposed to represent Section D. .lust at tlie end 
of the business of the Committee I w.as asked Locoimy here as a substitute, 
but I am not cujnmissioned to bring anything before the Committco. 

The Chairman : We next turn to 

Section E, Geography. 

Dr. Vaughan Cornish : I am delegated by Section to liring before? 
this Conference a new matter which has arisen at this mefiting. You will 
have heard that there was a joint Conference of two or thi*(‘e S(‘cti<)U8 on the 
subject of Limnology, the study of lakes. This, of course, is a subject which 
can only appeal to a limited number of Societies — those in whose areas lakes 
occur — but it is hoped that these Societies which are fortunate enough to 
possess lakes in their districts will give their attention to this new pro- 
posal for the systematic study of the lakes of the British Isles. It is 
thought that the local Societies could assist in the early stages of that 
work, more particularly by collecting the bibliography or local publications 
relating to lakes ; and if any of these references or publications of local 
Societies are sent to Sir John Murray he will he very glad indeed to 
receive them. Geography nowadays is becoming local in its character, or 
perhaps I should put it that the people of tlie British Isles are beginning 
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to turn their attention to the geography of their own country. I do nob 
think a meeting of the British Association ever passes but that there are 
papers read which are distinctly local in their character. So far as the 
Glasgow meeting is concerned, I refer particularly to the papers which 
were read on Friday in Section E by Professor Scott Elliot on ‘ The 
Effects of Vegetation on the Valley and Plains of the Cly<le * ; the second 
by Dr. Marion New bigin on ‘ Proposed Geognaphical Survey of the Valley 
of the l^'orth ' ; and the third by Professor \V. G. Smith on ‘ A Botani- 
cal Survey of Scotland.* The authors of these papers will be glad to receive 
any assistance they can get from the local Societies, and I am directed 
generally to draw the attention of the Delegates to the meetings in 
Section E and to the discussion of local ijuestions which occur there. 

The Chairman : The subject of Limnology, which has received a great 
deal of attention on the (. Continent, has been ably dealt with in this 
country, especially by Dr. .Mill ; and 1 believe that Sir John Murray is 
to be associated with IMr. Lawrence Pullar in the survey of the British 
lakes about to be undertaken. If no one else wishes to speak on this 
matter, which has been fully discussed elsewhere, we will pass on to 

Si:cTiov F, Fcoxomic Sciex'ie and Statistics. 

This Section is appanmtly not represented, so we proceed to 
Section* Ci, Ev(iiNEEUi\o. 

Prof(\ssor Ihxlby : 1 may state that we have tw*o Committees at work at 
present, one of which has becui sitting for about twenty years endeavour- 
ing to Standardise Small Screw^ Threads. Standards seem to be settled 
according to th<‘ caprice' of the ditrerent makers ; the Committee ha«^ 
cons(*quently been endeavouring to bring into operation a universal 
standard ; in fact, sueh a standard lias betui proposed and has been put 
into operation, and has been ju-actically accepted in Paris ; but as the 
dillieuUy in making a standard arises on account of the form of the 
thread, it is more a rc<*oiiiuiendation that has been made in order to 
obtain a simpler form of thread t han has been done before. Any informa- 
tion on the point of se re w’ threads wull bo welcomed by the Committee. 

The othei* Committei', that I sjioke of was only formed last year, and 
refers to a suhj^'c^ w'hieh may ho interesting — I refer to Boad Traction. 
.V Committee was formed to find out how much it costs to pull a 
wheeled \ elude over different kinds of roads, and the Committee will 
he v(‘ry glul to hear about the different kinds of roads in different dis- 
tricts in order that they may ho included in the experiments. Of course 
the object of the ('xperimenls is not so much for horsc-drawui vehicles as 
for motor-ears, and the investigation is to iind out how much it costs to 
take these motor-cars over high roads. 1 hope we sliall receive help on 
this question. 

Tlie Chairman: VvV arc very much indebted to Professor Dalby for 
these remarks, and I hope that some Society wull sec its way to give 
assistance in these matters. We now come to 

Section If, AxTiiitopoLocY. 

^Ir. 11. Balfour : 1 was sent as representative of this Section to put 
before^ you some suggestions on the subject of collecting anthropological 
photographs. 1 w^as asked to state that any photographs and negatives 

1 1 5 
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in the hands of the Committees of the Corresponding Societies, or indivi- 
duals connected with those Societies, might be made more widely accessible 
to persons who are engjiged in antliropology and archaology, if, after a 
a negative is finished with for the time being, it were deposited in some 
recognised centre, say the Anthropological Institute, and placed at the 
disposal of qualified people for use. In the ease where the nogati\ es ai’e 
retained by their owners and not deposited as suggested, these might be 
registered in such a way that people may be able to find out what photo- 
graphs have been taken, and whether they can be used for scitmtific 
purposes. That is one suggestion that 1 have to make, and I do not think 
it is necessary to enlarge on the subject. It has been already mooted in 
connection with other Sections, and 1 think it is ob\ioustoall that it 
would be a very great convenience to those working at Antliropology. 

Another suggestion that 1 should like to bring forward is that this 
Conference should draw the attention of the Corresponding Societies to the 
very great desirability of systematically collecting and rccoi ding instances 
of the survival of primitive custcans, industries, a})pli.inc< s, and so forth. 
T am well aware that there is a great deal done in tliis direction, and T 
do not need to mention to you the enormous value which anthropology 
derives from survivals of piimitive customs. Numbers of such survi\als 
are still existing in our surroundings and only want recording. Many of 
these customs, of the \ery gr(ate.st interest to tlio stuilent of primitive 
culture, are dying out at such a rapid rate that wo should emh*avoiir at 
once to record tliem as far as possible and photograph tlnun if tln*y arc 
interesting. I hope that all the Corresponding Societies will be willing, 
on the suggestion of Section H, to boar this matter in mind. ] woulil 
only mention or bring to your recollection that much of the very large 
amount of valuable w’ork that (leneral Pitt- Rivers did in his lifetime w'as 
due to his study of survivals. They will fill up the gaps in the arcluco- 
logical records in a w’ay that these ci uld not be filled up otiicrwiso. I 
need say little about the importance of recording thern, but 1 may make 
one remark. Ko one can have a higher admiration for the very noble 
institution known as the British Museum thanllia\e, but at the same 
time 1 have a sort of uneasy ft'eling that it is repreMUiiati\o of almost 
everything except British arclii\*ology and ethnology ; and one object in 
raising this matter to day is to suggest that this systematic collection of 
ail such things as I have referred to should be inach* w ith a vi(‘W' to esta- 
blishing some day a museum which w’ill a dc<juMtci\ i.-pii- , i:l the past history 
of our own country, not only the prehistoric period, l)ut alM» the later 
medimval and peasant life of the country whicli lias not r(iceiv(‘d sufficient 
attention so far. Every big town on the Continent, espcjcially in the 
western part of it, has its Folk Museum, but w^e have nothing of the 
kind. Isolated attempts to deal with the matter in a somewhat simple 
manner are to be found, but nothing on any a(I(*(|uato scale. If it w’cro 
possible to aim at the formation of a museum wliich would represoTit that 
side of culture, I think that we should ha\ e done a piece of w'ork which 
will be well worth supporting. 

Dr. Garson : In support of what Mr. Balfour has just said, T think 
I might refer to the last year’s report, wdiero it is stated tliat the Com- 
mittee which ho is representing wants : j ■ ■ of prehistoric stone 

monuments, stone implements, primitive pottery, and all objects con- 
nected with local superstitions and the like. Objects of this kind are 
frequently to be found in local museums, and sometimes they are peculiar 
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to the looality only, but their existence is unknown very often except to 
a few people in the locality. 

The Chairman : I can assure Mr. Balfour that we are fully sensible 
of our obligations to him for his very interesting remarks on this subject^ 
which will probably give rise to discussion. 

Rev. J. O. Bevan : I do not know that I have anything to say except 
about the anthropological map wliich I hoj)e will be concluded very soon. 
As Uj the other subjc^ct that Mr. Balfour spoke about, the question of 
survivals, it is one that commends itself to the attention of the Delegates. 
Here in Scotlaml one ought to meet with a great many interesting 
sampl(»s, and anyone who has paid a visit to the local museums here will 
agree that they show very valufible material still available. 

Mr. Reid : Might I ask the representative of Section what one 
should do in the case of local dances I know of a dance that occurs in 
one of the islands in Scotland tliat is entirely unknown anywhere else. 
It is a kind of morris-dance, witli a stt of words that are handed down 
])y father to son. 

!Mr. Balfour : One might obbiin a surreptitious photograpli of it. 
No doubt photogra[)hs wmild be w^orth getting of anything of tliat sort. 

J)r. Cni^on : I may say that in connection with obtaining photo- 
gra})h.s of dances, vte., lli(;re is a cMiiera, made l»y Watson, in the shape 
of an op(*ra-glass, w hich pliotograph'; at right angles to the direction in 
which you aj)p(‘a,r to Ixi looking. Prof‘al ly by that apparatus some of 
lliOh(» dances could be n‘Corded. 

-Vfter further nunarks the Chairman pas-^cd tf) 

SrxTioN K, Botany. 

Mr. llaiolcl M'ager : T have been asked by the Committee of 
Section K to bring to your notice two new Committees wbicli have been 
forintsl this year, in which the members of local Societies may be of great 
help. OiK^ of th<\sc is tin* Committee nominated to investigate the struc- 
ture of blue-green alg;e. Tin* dciermination of the structure of these 
m*ganisins is of gr(*at theoretical intere.st, and we shall be very glad 
if the Delegates would call the attention of their botanical members to 
the- faet that spc'ciiiiens which may be obtaiin*d in various conditions will 
be extreiiuily lielpful in elucidating the important point of structure. 
Jf .spt'cimciis can be sent to myself at Arnold House, Derby, wc shall be 
v(*ry grateful. Tin* otln-r Committee is one wdiich has been appointed to 
eon.sid(*r tlm desirability of colleeting, preserving, and systematically 
I’cgistering photogia]>hs of botanical interest. We have been in com- 
munie.ition with Professor Watts, and it is felt that botanical photo- 
gra])lis, arranged on th(j same plan a.s the geological photographs are 
arranged, would be extr(*nn*ly helpful to us. A collection of photo- 
graphs of rai ii plants growing in their natural habitats would be extremely 
valuable, and generally pliotographs w’ouhl bo a great help in systematic- 
ally illustrating tin* characteristic formations of the various vegetation 
areas, such as moor, soft marsh, and so forth. Again, photograph.s of 
fungi, insects, plants as parasites and climbing plants, would be ex- 
trt*im‘ly interesting in a jdiotographical botanical record. It is honied 
that there may hi* a classification of these arranged on the .same 
plan tis has bei'n found successful by the (Jeological Photographic 
Cominitti'i*, and I would ask any botanical Society, if they have any 
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photographs to spare, to send them to Professor Weiss of Owens College, 
Manchester, who is the Secretary of the Committee. I have also to 
inform you that Professor Weiss will send out circulars to all natural 
‘history Societies communicating the wants of this Committee, and asking 
them to be good enough to help us as far as they can. 

Mr. Whitaker : I am the representative here of a Society which does 
a certain amount of work, and our members would bo delighted to help. 
I have seen many fine photographs of structure and abnormal growth, and 
photographs of special fungi collected at some of our meetings, and I have 
no doubt that other Societies will be in the same position. If Professor 
Weiss sends a circular to our Societies he will get something from them, 
and I am sure that they will endeavour to help him. 

Mr. Coates : In our Perthshire Society, owing to the difficulty of pre- 
serving specimens of fungi, we have commenced making a coinjdete scu'ies 
of photographs of all the fungi of the county. Our botanical members 
collect them and bring them to our rooms and the photographic members 
reproduce them. This might be found useful in other districts. We have 
them in our museum, and it would be quite easy to have duplicates madci 
for other parties. 

Mr. Wager : What we want is to have a botanical record. 

Mr. Coates : I think many o^^her Societies would bo only too glad to 
do the same. 

Professor Watts : I think it might be worth while to call the atten- 
tion of any local Society taking this up to the fact that they might form a 
duplicate collection, each in its own locality. That has been done in some 
Societies in geological matters, and in this case it would be very important 
for the local Society to keep a sot of prints in the locality. With regard 
to any other point, I should bo only too delighted to giv(' help to Jh*o- 
fessor Weiss in the details should this be satisfaetory. 

The Chairman : Botany is a department of natural knowledge that is 
so universally cultivated by local Soci^'ties that I lio])e the suggestions 
that Mr. Wager has favoured us with will b(»ar much fruit. If no om* 
else desires to address the Conference on biology wo shall pass tt> 

Section L, Education. 

Dr. Kimmins : I have been <losircd by this n(‘w Section to say that we 
have formed three Committees this year, but they arc not on subjects which 
the Corresponding Societies could render any deliniU^ assistance. It is, 
however, vcjry probable that in future years we will form Committees that 
will necessitate local investigations, and tlnm wo will ajq)eal to you to 
help us. 

Mr. Whitaker : The British Association has a rcMnarkab^y good col- 
lection of the publications of local Societies. It is growing vastly, and as 
the space at the offices of the Association is limited it is a question as to 
what will bo done with it in time. The great thing is to put it whore it 
can be useful, and any suggestions on that subject would be welcome. 

The Chairman : Has any other Delegate any other subject to bring 
forward ? If not, I have to thank you very heartily for having attended 
on these two occasions, and we shall now adjourn until the next meeting 
of the British Association a year lienee. 

On the motion of Dr. Vaughan Cornish a hearty vote of thanks was 
given to the Chairman. 
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Calidotjue of the more important Papers, and espcrialljf those rtferrimj to 
Local Scientijlc Investigations, published bg the ('••rr> >, • 
Societies during the year emling June 1, 1001. 

This catalopjuc contains only the titles of papers puhlishecl in the volumes or 
j)arts of the [mblications of the (Corresponding .Societies M*nt to tlio Secretary of 
the Committee in acconlance with llule 2. 

Section .1. — ^^^Iathematical and Physical Science. 

Bladen, W. Wells. Eeport of the Meteorological Section. ‘ Trans. 

N. Staff. F. C.’ XXXV. 126-129, 1901. 
r>LYTH, Vincent J. On the Thermal Conductivity of Suhstances of very 
Low Conductivity. ‘ Proc. Glasgow Phil. Soc.* xxxi. 189-111, 1900. 
Biuckett, AiiTiiuii W. Science at the close of the Eighteenth Century. 

‘ South-Eastern Naturalist,* v. 89-46, 1900. 

Brown, M. Walton. Barometer, Thermometer, itc., Readings for the 
year 1H99. ‘ Trans. Inst. Min. Eng.’ xix. 559-568, 1900. 
Camprell-Bayakd, F. Meteorological Report for 1899. ‘ Trans. Croy- 

don M. N. II. C.* IV. 8-16, and Appendices of Tables, 50 pp., 1900. 
Chambers, G. F. Eclipses of the Sun, with especial reference to the 
Eclipse of May 28, 1900. ‘Trans. Eastbourne N. 11. Soc.’ iii. 
285-241, 1901. 

Collins, J. R. The Phenomena of Surface Reflection of Light. ‘ Trans. 
Toronto Astr. Soc.’ xi. 24-26, 1901. 

Cresswell, Ai^pred. Records of Meteorological Observations taken at 
the Observatory, hMgbastoii, 1900. ‘Birin, and Mid. Inst. Sci. Soc.’ 
26 pp. 1901. 

Ceossman, Major-Gen. SirWM. ]Meteorological Observations at Cheswick, 
1899. ‘ History Bcrwicksh. Nat. Club,’ xvii. 1(58, 1900. 

Denning, W. F. The Observation of Shooting Stars. ‘ Trans. Toronto 
Astr. Soc.’ XI. 86 40, 1901. 

Draper, Dr. C. H. The Skin of Liquids. ‘ South J^astern Naturalist,* 
V. 47-55, 1900. 

Eaton, H. S. Returns of Rainfall, t'ce., in Dorset in 1899. ‘Proc. 

Dorset N. fl. A. F. C.’ xxi. 111-124, 1900. 

Goodman, A. Ih Methods of Photo-Mi cography. ‘ Proc. Chester Soc. 
Nat. Sci.’ 1900 1901, 22-28, 1901. 

Harvey, A. Aurora Australis : its Synchronism with Aurora Borealis. 

‘Trans. Toronto Astr. Soc.’ xi. 38 84, 1901. 

Heywood, 11. Meteorological Observations in the Society’s District, 
1899. ‘ Trans. Cardiff Nat. Soc.’ xxxii. 10-28, 1901. 

Hopkinson, John. Report on the Rainfall in Hertfordshire in the Year 
1899. ‘ Trans. Herts N. H. Soc.’ x. 218-222, 1900. 

Meteorological Observations taken in Hertfordshire in the Y^ear 

1899. ‘ Trans. Herts N. H. Soc.’ x. 228 -232, 1900. 

Lindsay, Thomas. The Total Eclipse of the Sun, May 28, 1900. 

‘ Trans. Toronto Astr. Soc.’ xi. 15-19, 1901. 

Lodge, Prof. 0. J. Further Progress in Space Telegraphy [1900J. 
‘ Trans. Liverpool E. Soc.’ xxi. 149-152, 1901. 

Modern Views of Matter. ‘ Proc. Liverpool Lit. Phil. Soc.’ liv. 

91-103, 1900. 



CORRESPONDING SOCIETIES. 491 

Lomsdmn, CIkobgk E. The Total Eclipse of tlie Sun, May 28, 1900. 

‘ Trans. Toronto Astr. Soc.’ xi. 19-21, 1901. 

M-Mikham, C. a. Meteorological Reports - Observer’s Notes. ‘Journal 
N’ton. N. H. Soc.'x. 807-912,315-9*23, 320-328,382-831,338 310, 
842 844, 1900, 1901. 

Hailstorm of the 20tli July, 1900. ‘ Journal N’ton. N. H. Soc.’ x. 

828 331, 1900. 

M.awiky, Edwaiio. Report on Plienological Phenomena observed in 
Hertfordshire during the year 1899. ‘ Trans. Herts N. 11. Soc.’ x. 
173-179, 1900. 

MitciikijIj, Rev. J. Caiiins. Results of Meteorological Observations taken 
in (.'hestcr during 1899. ‘ Proe. Chester Soc. Nat. Sci ’ 1H99-1900, 
14- ‘20, 1900. 

The same, during 1900. ‘ Proc. Chester Soc. Nat. Sci.’ 1900-1901, 

18 19, 1901. 

Mookh, a. W. Has Climate Changed? [1891.] ‘Yn Lioar Manni- 
nagh,’ Ti. 287-241, 1901. 

NKWsnoiiME, Autiiuh. Meteorological Report. ‘ Report Rrighton N. H. 
Phil. Soc. 1899-1900,’ 30 31, 1900. 

Pateksox, John A. Art and Astronomv. ‘ Trans. Toronto Astr. Soc.’ 
XI. 48 41, 1901. 

PninLirs, John. The (lenesis of the Moon on the 'Theory of Vertical 
Projection and Tidal Action. ‘ Trans. Toronto Astr. Soc.’ xi. 15 -47, 
19()b. 

PoYNTiNo, I’rof. J. II. (S. Staff. Tnst.Min. Eng.) 'Phe Nature of Electric 
Current. ‘ Trans. Inst. Min. Eng.’ xx. K9-'J0, 1900. 

Preston, A. W. Meteorological Notes, 1899. ‘ 'Trans. Norf. Norw. Nat. 
Soc.’ vii. 51 (52, 1900. 

UonEiiTSON, David. On the Equilibrium of a Column of Air and the. 
Atmospheric 'I'emperature Oradient. ‘ Proc. Glasgow Pliil. Soc.’ xxxi. 
115 151,19(K). 

SiiAui*, Jacoii. (N. Eng. Inst.) A Flash of Lightning at the Lambton 
Colliery, 1>. and Lady Ann Pits, on October 2, 1900. ‘Trans. 
Inst. Min. Eng.’ xx. 259 ‘201, 1901. 

Si’EWAUT, Dr. CiiAiiiiES. Notes of Rainfall and Temperature at West 
Fonldcn and Rawburn during 1899, from the late Mr. Craw’s Records. 
‘ History Derwicksh. Nat. Club,’ xvii. 105, 1900. 

Stewart, ('iiauees M. Cajie Meteorological Report for 1S98. ‘ Journal, 
Mancb. Oeog. Soc.’ xvi. 227 228. 1901. 

TEiiEET, Dr. E. S. Address of the Retiring President. (Meteorology.) 

[1891]. ‘ Yn Lioar IManninagb,’ ii. 210-21G, 1901. 

Thompson, (i. CAiiSi.vKE. Elfoets of a Lightning Flash. ‘Trans. 

Cardilf Nat. Soe.’ xxxii. 05-00, 1901. 

W.vnswouTif, J)r. .1. J., and otbeivs. Preliminary Eclijisc Pajiers [May 
28, 1900). ‘ Trans. 'Toronto Astr. Soc.’ xr. 8 12, 1901. 

Whitedey, j. Meteorological Table for the Year 1900 (Halifax). 

‘ Halifax Naturalist,’ v. 122-123, 1901. 

Whitton, Jas. Meteorological Notes, and Remarks upon the Weather 
during the Year 1899, with its General Effects upon Vegetation. 
‘Trans. Glasgow N. II. Soc.’ vi. Ill 168, 1901. 
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Section B. — Chemistry. 

Ashworth, James. Failures of Safety Lamps whilst in use, and some of 
the Disasters caused thereby. ‘ Trans. Manch. Geol. Soc.* xxvi. 519- 
549, 1900. 

Baker, T. (N. Eng. Inst.) Tlie Solvent Action of Pyridine on certain 
Coals. ‘ Trans. Inst. ]Min. Eng.’ xx. 159-102, 1900. 

Blauvelt, William Hutton. Description of a Plant of Semet-Solvay 
Bye-product Coke Ovens at Wheeling, West Virginia, U.S.A. ‘ Trans. 
Inst. Min. Eng.’ xtx. B37-344, 1900. 

Branson, F. W., and W. Ackroyd. The Underground Waters of North- 
West Yorkshire : Part I. The Sources of the Aire, lieport of the 
Chemical Sub-Committee. ‘Proc. Yorks. Geol. Poly. Soc.’ xiv. 13 -21, 
1900. 

Burrell, B. A. The Composition of some Malliam Waters. ‘ Proc. 

Yorks. Geol. Poly. Soc.’ xiv. 45-48, 1900. 

Denny, G. A. Observations on Sampling, Computation of Assay 
Averages, and Relation of Assay-value to Recovery- value as applied 
to Banket Mining in the Transvaal. ‘ Trans. Inst. Min. Eng.’ xix. 
294-318, 1900. 

De Range, C. E. On Sulphur and Pyrites in Relation to Sulphuric Acid 
audits Application. ‘ Trans. Manch. Geol. Soc.’ xxvrr. 75 HI, 1901. 
Dickson, J. CAMiuiELL. On the Electrical Deposition of Copper. ‘ Proc. 

Glasgow Phil. Soc.’ xxxi, 52- 00, 1900. 

Goldschmidt, Dr. Hans. Practical Applications of th(i Process for the 
Production of High Temperatures by the Combustion of Aluminium. 
‘Trans. Inst: Min. Eng.’ xix. 411 427, 1900. 

JiTiiTz, Charles }\ Tlie Chemical Composition of ilio Soils of the 
South-Western Districts of the Cape Colony. ‘Trans. S. African 
Phil. Soc.’ XI. 1‘25-1()0, 1900. 

Longridge, Capt. C. (■. (N. Eng. Inst.) Dry and Wet Treatment of 
Copper Ores. ‘ Trans. Inst. Min. Eng.’ xx. 221 258, 1901. 

Meacha^l, F. G. (S. Staff. Inst. Min. ling.) The Physical (’ondition of 
the Mine upon the Re-opening of the Hamstead Colliery after the Fire 
in November 1898. ‘ Trans. Inst. Min. Eng.’ x\iii. 48G 488, 1900. 

Patterson, W. H. The Growth of the Ink Blot. ‘Proc. Belfast N. H. 
Phil. Soc.’ 1899 1900, 42-43, 1900. 

Roberts-Austen, Prof. Sir W. On ^Molecular Unrest in Solids. ‘ Proc. 

Glasgow Phil. Soc.’ xxxi. 152 IGO, 1900. 

Stenhouse, Thomas. The latest Residual from Coal-Gas. ‘ Trans. 
Rochdale Lit. Sci. Soc.’ m. 83-87, 1900. 


Section C. — Geology. 

Ballantyne, John. A Bute Post-Glacial Shell-bed. Notes on Excava- 
tions at the Rothesay Gas-works in 189G-1897. ‘ Trans. Glasgow 
Geol. Soc.’ XI. 280-281, 1900. 

Barke, F. Report of the Geological Section. ‘ Trans. N. Staff. F. C.’ 
xxxv. 103-10G, 1901. 

Barnes, J. Is there an Unconformity at Castleton between the Limestone 
and Shales ? ‘ Trans. N. Staff. F. C.’ xxxv. 114 125, 1901. 
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Babnes, J., and W. F. Holuoyd. On the Mottled Carboniferous Lime- 
stone of Derbyshire. ‘ Trans. Manch. Geol. Soc.’ xxvi. 501-507, 1900. 

On the Origin of the Pebbles ikc-.i -H u •/ in a Conglomerate found in the 

Carboniferous Limestone near Windy Knoll, Castleton. ‘Trans. 
Manch. Oool. Soc.’ xxvn. 82-94, 1901. 

Bell, Thomas. On the Working of Coal Mines under the Sea; also 
under the Permian Feeder of Water, in the County of Durham 
{contiiLiied fromi), 399). ‘Trans. Manch. Geol. Soc.’ xxvi. 554-559, 

1900. 

Bennie, James. Note on a Microscopic Slide of the Coro of the Dalmony 
Tiophidophloios. ‘Trans. Glasgow Geol. Soc.’ xi. 203 204, 1900. 
Biud, C. Water Supply in the Hundred of I loo. ‘ llochoster Naturalist,’ 
iir. 12, 1901. 

The North Downs. ‘ Rochester Naturalist,’ iii. 33 -38, 1901. 

Blaiu, ^Iatthew. ^Moraines and Deltas. ‘ Trans. Glasgow Geol. Soc.’ xi. 
‘289-291, 1900. 

Bond, J. W. Records of Investigations in the Carboniferous Strata of 
the Leeds District. ‘ Trans. Leeds Geol. Assoc.’ xir. 32-37, 1900. 
Cadell, Henhy M. Tlie Geology of the Oil Sbulefiolds of the Lothians 
(Anniversary Address.) ‘ Trans. Edinb. Geol. Soc.’ viir. 110 102, 

1901. 

OvLDWELL, (lEOiuiE. Oil V/hito Saiidstouc Nodules found in No. 1 Pit, 
Lord Derby’s siding, Rainford. ‘Trans. Manch. Geol. Soc.’ xxvi. 
591-592, 1900. 

Callaway, Dr. C, Notes on tlie Origin of the Gneisses and Schists of the 
Malvern Hills, ‘ Trans. Woolliopo N. F. C.’ 1898 1899, 07-08, 1900. 
(^HAPMAx, Fuedethc k. The Raised Beaches of Brighton and their 
Microscopical Contents. ‘ South-Eastern Naturalist,’ v. 50- 59, 1900. 
ClahivE, W. j. The Permo-Carboniferous Boundary, and what we learn 
about it from the Sealandand Thurgarton Boreholes. ‘ Proc. C’liester 
Soc. Nat. Sci.’ 1900 -1901, 27 30, 1901. 

Coates, Henuy. Geological and other Notes (Opening Address). 

‘ Proc. Perths. Soc. Nat. Sci.’ iii. xli. 1. 1900. 

CowiE, CiTAULES ll. Tlio Glacial Phenomena of TjocIi Ranza Glen, 
Arran. ‘'I’l'ans. Glasgow Geol. Soc.’xi. 282 284, 1900. 

Chaio, Koheut. Notes Retrospective on the clo.sing of the (Quarries of 
Greenhill, Kilmaurs, Ayrshire. ‘ Trans. Glasgow Geol. Soc.’ xr. 192- 
198, 1900. 

Dalton, W. II. A Brief Sketch of the Crag Formation of East Anglia. 
An outline of the Nature, Position, &c., of the Beds which have fur- 
nished the Collection of Crag Fossils in the P^ssex Museum of Natural 
History. ‘Handbooks to Essex Field Club Museums,’ No. 4, 8 pp., 
1900. 

De Range, C. Ph The Salford Earthciuake. ‘ Trans. Manch. Geol. Soc.* 
XXVI. 195 190, 1900. 

Dickinson, Joseph. Notes on Pendleton District, Irwell Valley. ‘ Trans. 

Mancli. Geol. Soc.’ xxvii. 103-105, 1901. 

Dickson, Ph Notes on Glacial and Post-Glacial Deposits near Southport. 

‘ Proc. Liverpool Geol. Soc.’ viii. 154-4()2, 1900. 

Diion, R. W. Gold Mining in the Sierra Nevada, California. ‘ Trans. 

Glasgow Geol. Soc.’ xi. 265-260, 1900. 

Fitzpatrick, J. J. Recent Discovery of Pebbles of Argentiferous Copper 
in Mexico. ‘ Proc. Liverpool Geol. Soc.’ vni. 451-453, 1900. 
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Fox, Howard. Giinwalloe. [Geological Notes.] ‘ Trans. Cormv. E. Gcol. 
Soc.' XII. 434-437, 1901. 

Goodchild, J. G. Hematite on Arthur Seat. ‘Trans. Edinb. Geol. 
Soc.* VIII. 1, 1901. 

Some Recent Exposures of Rock in Edinburgh. ‘ Trans. Edinb. 

Geol. Soc.’ VIII. 2 -9, 1901. 

Geological Time. ‘ Trans. Glasgow Geol. Soc.’ xi. 2G7-208, 1900. 

The Dolerite of Aberdour, with some Speculations on the Origin of 

Eruptive Rocks in General. ‘ Trans. Glasgow Gcol. Soc.’ xi. 271- 
272, 1900. 

Corals and Coral Reefs. ‘ Trans. Glasgow Gcol. Soc.’ xi. 277-78, 

1900. 

Goulding, R. W. Lincolnshire Naturalists’ Union at Mablcthorpo. 

‘ The Naturalist for 1901,’ 151-154, 1901. 

Gunn, Willta^m. On the Old Volcanic Rocks of the Island of Arran. 

‘ Trans, (ilasgow Geol. Soc.’ xi. 174-191, 1900. 

Harris, George E. On the Makkum Coalfield, Assam. ‘ Trans. ]\Ianch. 
Geol. Soc.’ XXVI. 572-590, 1900. 

Harrison, Rev. S. N. Report of the Geological Section. ‘Yn Lioar 
Manninagh,’ ii. 198 200, 1901. 

IIawell, Rev. John. A Peat Deposit at Stokcslcy. ‘ Proc. Yorks. Geol. 
Poly. Soc.’ XIV. 49-51, 1900. 

IIeddle, the late Prof. M. Forster. On the Structure of Agates, ‘ Trans. 

Glasgow Geol. Soc.’ xi. 153-173, 1900. 

Herdman, Prof. W. A. The Geological Succession of ^Morphological 
Ideals. (Presidential Address.) ‘Proc. Liverpool Gcol. Soc.’ viii. 429- 
450, 1900. 

Hill, J. B. Ou some Geological Structures in West Cornwall. ‘ Trans. 

Cornw. R. Geol. Soc.’ xir. 404-430, 1901. 

Hind, Dr. Wiieelton. The Carboniferous Limestone of Lillcshall. 

‘ Trans. N. Staff. F. C.’ xxxv. 107-109, 1901. 

Hinton, Martin A. C., and A. S. Jvennard. (Contributions to the 
Pleistocene Geology of the Thames Valley. 1. The Grays Thurrock 
Area, Part I. ‘ Essex Naturalist,’ xi. 33G-351, 353 370, 1901. 
Hinxman, Lionel W. Note on Specimens of Sphcrultic Folsite from 
Glen Feshie. ‘Trans. Edinb. Geol. Soc.’ vnr. 114-115, 1901. 

Horne, John. Tlie Silurian Volcanic Rocks of the Southern Uplands of 
Scotland. ‘Trans. Glasgow Geol. Soc.’ xi. 285 28G, 1900. 
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Turner, Percy (N. Stall’. Inst. Eng.). Coal ^lining at Depths exceeding 
3,000 feet. ‘ ’rrans. Inst. Min. Eng.’ xxi. 61-72, 1901. 

Wasiiinoton, W. (Mid. Inst. Eng.), Notes on Sinking to the Parkgate 
Scam at Mitcludl Main Colliery. ‘ Trans. Inst. Min, Eng.* xx. 
146 149, 1900. 

Wright, J. C. Ventilation ; Dust and Fresh Air. ‘Trans. Eastbourne 
N. II. Soc.’ III. 253 257, 1901. 


Scciion IL — ANTHROrOLOQY. 

AllRn, Rev. F. A. Polynesian Antiquities. ‘ Trans. Car. & Sev. Vail. 
F.C.’ II. 246- 247, 1901. 

Barker, Rev. Joseph. The Wergiii Stone and Hoar Stones [near 
Hereford]. ‘ Trans. Woolhopo N. F. Oi* 1898 99, 142-145, 1900. 
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BarneSj Rev. W, Miles. Poxwell Circle. ‘ Proc. Dorset N. H. A. F. C.* 
XXI. 150-157, 1900. 

Bladen, W. Wells. Notes on the Folklore of North Staftbrdshire, 
chiefly collected at Stone. ‘ Trans. N. jaff. F. C.’ xxxv. 188-185, 1901. 

Boulger, Prof. G. S. Man’s First Contact with Nature. ‘ Pej^ort 
Brighton N. H. Phil. Soc. 1899-1900,’ 0 10,1900. 

Bradbury, Dr. J. Kliullick y Keeil Khallane, Lonan [1891]. ‘ Yn Lioar 
Manninagh,’ ii. 115-llG, 1901. 

Bridgman, Eev. A. A. The Place-name ‘Lezayre’ [1898]. ‘ Yn Lioar 

Manninagh,’ ii. 92-98, 1901. 

Cave, E. Lashford. The Burning of the Bush. ‘ Trans. Woolhopo 
N. F. C. 1898-99,’ 5-8, 1900. 

Crellin, Miss A. M. Curious Discovery in Kirk Michael : Horse and 
Human Remains, Avith Hatchet, Powder-flask, Ac. ‘ Yn Lioar 
Manninagh,’ ii. 121, 1901. 

Some Antiquarian Notes in the Parish of Kirk Michael. ‘ Yu 

Lioar Manninagh,’ ir. 122 -12G, 1901. 

Report of Anthropological Section (Folklore) [1898J. ' Yn Lioar 

Manninagh,’ ii. G8, 1901. 

— Report of the Folklore and Place-name Section [1894j. ‘Yn 
Lioar Manninagh,” ii. 191-197, 1901. 

On Some Things Manx, now Obsolete [1895], ‘ Yn Lioar 

Manninagh,’ ii. 2G5-270, 1901. 

CuNNiNGTON, E. Dungoon or Dunset Camp. ‘ Proc. Dorset N. H. A. F. C.’ 
XXI. 208 -204, 1900. 

Dale, C. W. Round Chimneys. ‘ Proc. Dorset N. II. A. F. C.’ xxl 
218-224, 1900. 

Freer, Rev. S. C. The Stone Age on the Pacific Coast of America 
Trans. Car. & Sev. Vail. F. C.’ it. 219 220, 1901. 

Gray, John. The Origin of the Piets and Scots (Presidential Address). 

‘ Trans. Buchan F. C.’ v. 168 -178, 1900. 

Hopkinson, John. Report on the Confercmce of Delegates to the British 
Association at Bristol in 1898. ‘Trans. Herts N. H. Soc.’ xxxjv. - 
XXX VI. 1901. 

Humfrys, W. J. Lammas Lands near Hereford. ‘ Trans. Woolhopo 
N. F. C. 1898-99,’ 1G5-177, 1900. 

Kelly, Henry. Ballaqueeny Cronk, the Clagh-ard or Crosh Balla- 
queeny, and Cronk How Mooar |1892J. ‘ Yn Lioar Manninagh,’ 

II. 47-51, 1901. 

Kermode, P. M. C. The ‘ Meayll (Mule) Circle,’ near Port Erin [1891'. 

‘ Yn Lioar Manninagh,’ ii. 117-120, 1901. 

Provisional List of the Antiquities of Michael, not including the 

Crosses [1894]. ‘ Yn Lioar Manninagh/ ii. 127-128, 1901. 

Report of the Archieological Section. ‘ Yn Lioar Manninagh/ 

II. 149-152, 1901. 

List of Manx Antiquities [1891]. ‘ Yn Lioar Manninagh,’ ii. 158 - 

198, 1901. 

McMurtrie, j. Notes on Romano^British Remains found at Kil- 
mersdon Lane Quarry, Eadstock. ‘ Proc. Bath N. II. A. F. C/ ix. 
201-207, 1900. 

March, Dr. H. Colley. On some Roman Pavements and some Intrecci 
of this Country, chiefly with respect to their meaning. ‘ Proc. Dorset 
N. H. A. F. C.’ XXI. 162 -187, 1900. 
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March, Dr. H. Colley. Preston Roman Pavement. ‘ Proc. Dorset N. 

H. A. P. C.’ XXL 205-209, 1900. 

A Visit to Pembrokeshire, and some Implements of Igneous Stone 

found there. ‘ Trans. Rochdale Lit. Sci. Soc. vi. 88-93,’ 1900. 
Mkyrick, E. Anthropometrical Report. ‘ Rep. Marlb. Coll. N. II. Soc.* 
No. 19, 105-130, 1901. 

Milligan, S. F. Ireland and the Scottish Isles, Ancient Connexions 
and Intercourse. ‘ Proc. Belfast N. 11. Phil. Soc. 1899-1900,’ 34-40, 
1900. 

Moore, A. W. The Early Land System of the Isle of Man [1892]. 

‘ Yn Lioar Manninagli,’ ii. 40-41, 1901. 

Mortimer, J. R. Notes on the History of the Driflield Museum of 
Antiquities and Geological Specimens. ‘ Trans. Hull Sci. F. N. C.’ 

I. 135-141, 1900. 

Moele, 11. 3. Notes on Bronze. [Dorset-found (’eltic and Roman 
Bronze Objects.] ‘ Proc. Dorset N. H. A. F. C.’ xxi. 10-104, 1900. 

Chalhury Rings and Rimbury. ‘Proc. Dorset N. II. A. F. C.’ xxi. 

188 192, 1900. 

PirER, the late George H. The Camp and Ancient British Town on 
the Midsummer and Holly-Bush Hills of the Malvern Range. 

‘ Trans. \Yoolhope N. F. C.' 09-71, 1900. 

Platt, S. S. Stone Axe llamnuT, found at Low House Farm, near 
Miliirow. ‘ Trans. Rochdale Lit. Sci. Soc.* vi. 95- 97, 1900. 

Pope, Alfred. An Ancient British Trackway. ‘ Proc. Dorset N. H. A. 
F. C.’ XXL 105-110, 1900. 

Quine, Rev. John. The Douglas Treasure Trove [18941. ‘ Yn Lioar 
Manninagli,* ii. 242 215, 1901. 

Reader, F. W. Notes on a West African ‘ Strike-a-Light.* * Essex 
Naturalist,* xi. 218-222, 1901. 

A Handbook to the Collection of Prehistoric Objects in the Essex 

]\ruseum of Natural History. ‘Handbooks to Essex Field Club 
Museums,’ No. 5, 32 i)p. 1900. 

Rorie, Dr. On Some Scots Words, Proverbs, and Beliefs bearing on 
Diseased (’onditions. ‘ Proc. Glasgow Phil. Soc.* x\xi. 38 15, 1900. 
Roth, H. Ling. Notes from Banklield Museum Fllalifax], 1. Tho 
Fijian Collection. ‘ Halifax Naturalist,* v. 87-99, 1900 ; v. 109-114, 
1901; VI. 9-10, 1901. IL— The Burmese Collection. ‘Halifax 
Naturalist,’ vi. 17-21, 1901. 

Shepi’ard, Thomas. Prehistoric Man in Holderness. ‘ Trans. Hull Sci. 
F. N. C.* I. 71 89, 1900. 

■ Local Arclueological Notes. ‘ Trans. Hull Sci. F. N. C.’ 1. 120-126, 

1900. 

Spence, tho late J. Folklore Days and Seasons. Part III. ‘ Trans. 
Buchan F. C.* v. 215-234, 1900. 

Sutcliffe, W. H. Querns. ‘ Trans. Rochdale Lit. Sci. Soc.’ vi. 81-34, 
1900. 

• Hades Hill Barrow. ‘Trans. Rochdale Lit. Sci. Soc.’ vi. 50-63, 

1900. 

Walkey, R. H. Tho Survival of Paheolithic Man. ‘ Yn Lioar Man- 
ninagh,’ ii. 94-100, 1901. 
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Section J, — Physiology. 

Ashworth, J. E. The Temperature of the Blood in Relation to the 
Seasons. ‘ Trans. Rochdale Lit. Sci. Soc.’ vi. 78-82, 1900. 

Mooke, Dr. John Mukray. The Sub-conscious Mind : its Normal and 
Supra-Normal Powers. ‘ Proc. Liverpool Lit. Phil. Soc.’ liv. 127- 
148, 1900. 

Solomon, F. 0. The Feeding of Horses, with special reference to 
Colliery Studs. ‘ Trans. Inst. Min. Eng.* xix. 279-292, 1900. 

Steel, Richard. Note upon the Law of Imitation in Psychology. 

* Proc. Liverpool Lit. Phil. Soc.* liv. 51~59, 1900. 

Sykes, Mark L. Smallpox, Vaccination, and the Glycerination of 
Vaccine Lymph. ‘ Trans. Manch. Mic. Soc. 1900,’ 46 -58, 1901. 

Section K . — Botany. 

Audley, j. a. Report of the Botanical Section. ‘ Trans. N. Staff. F. C.’ 
XXXV. 68-72, 1901. 

Boulger, Prof. G. S. History of Essex Botany: Part I. { continued ), 

‘ Essex Naturalist,’ xi. 229-286, 1901. 

Boyd, John. The Injurious Effect of Smoko on Trees. ‘ Annals Ander- 
sonian Nat. Soc.’ ii. 81-88, 1900. 

Caradoc and Severn Valley Field Club. Botanical Notes, 1900. 

‘Record of Bare Facts,’ No. 10, 5-16 [1901]. 

Coates, Henry. The Woodlands of Perthshire. (Annual Address.) 

‘ Proc. Perths. Soc. Nat. Sci.’ in., Ivii.- Ixiv. 1900. 

Cole, W. Destruction of John Ray’s House. ‘Essex Naturalist,’ xi. 
831-883, 1901. 

Crossland, Charles. Norland Clough : 4. its Fungi. ‘ Halifax 
Naturalist,’ v. 102-107, 1900. 

Fungus Foray at Mulgrave Woods, Whitby. ‘ The Naturalist for 

1900,’ 887-846, 1900. 

Crump, W. B. The Flora of the Parish of Halifax. ‘ Halifax 

Naturalist,’ v., vi. App. ix.-xlviii. 1900, 1901. 

Cummings, Miss, ]\liss Payne, and Miss A. Payne. List of Plants found 
growing within a two-mile radius of Chester, and which are not 
included in the late Mr. E. J. Baillie’s City Flora, 1875 77. ‘Proc. 
Chester Soc. Nat. Sci. 1899-1900,’ 81 84, 1900. 

Davies, J. H. Some Mosses from North-East Ireland. ‘Irish 
Naturalist,’ ix. 171-176, 1900. 

Friend, Rev. Hilderic. Flora of Worksop District. ‘ The Naturalist 
for 1900,’ 358-854, 1900. 

Halifax Scientific Society. Local Records in Natural History : 

Botany. ‘Halifax Naturalist,’ v. 117-1‘20, 1901. 

Hamilton, W. P. The Crocus and j\forphology of the Conn. ‘ Trans. 

Car. and Sev. Vail. F. C.’ ii. 256-260, 1901. 

Henderson, Robert. Tipulidie in Inverness-shire. ‘ Annals Ander- 
sonian Nat. Soc.’ ii. 114-116, 1900. 

Hobkirk, Charles P. Tortula cernua : A Moss new to the British 
Flora. ‘ The Naturalist for 1901,’ 1-8, 1901. 

Hodgson, William. Botanical Notes from Cumberland for the year 
1900. ‘ The Naturalist for 1901,’ 77-79, 1901. 
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Hutchinson, R. R. Mycetozoa. ‘ Trans. Eastbourne N. H. Soo.’ iii. 
282-235, 1901. 

Irritability in Plants. ‘ Trans. Eastbourne N. H. Soc.’ iii. 259-264, 

1901. 

Ingham, William. Additions to Moss-Flora of Yorkshire. ‘ The 
Naturalist for 1900,’ 271-272, 1900. 

Moss-Flora of Arkengarthdale. ‘ The Naturalist for 1900,’ 289- 

291, 1900. 

Sphagna of Yorkshire and Durham. ‘ Tlie Naturalist for 1901,’ 

145 148, 1901. 

Jacksox, a. 13. Notes on the Botany of the Boauiuont-Tjcys Sewage 
Farm. ‘ Trans. Leicester Lit. Phil. Soc.’ v. 495-502, 1900. 
Johnstone, R. B. Clydesdale Fungi. ‘Annals Andersonian Nat. Soc.* 
II. 78 80, 1900. 

Keegan, Dr. P. Q. The Wild Cherry {Primus acium), ‘ The Naturalist 
for 1900,’ 217-221, 1900. 

The Chemistry of some Lakeland Shrubs and Bushes. ‘ The 

Naturalist for 1900,’ 298-298, 3900. 

The Facies of our Forest Flora. ‘ The Naturalist for 1901,’ 69 -78, 

1901. 

IvmaioDE, Rev. S. A. P. Report of the Botanical Section I1B91'. ‘ Yn 

Lioar Manninagh,’ ii. 201 202, 1901. 

-- The 14ora of the Isle of Man, 1900. ‘ Yn Lioar Manninagh,’ ir. 

‘278-291, 1901. 

Kidston, RoiiEKT. Carboniferous Lycopods and Sphenophylls [1899;. 

‘Trans. Glasgow N. II. Soc.’ vr. 25-110, 1901. 

Lees, F. Arnold. In Defence of James Bolton, the Fungologist. 

‘ The Naturalist for 1890,’ 225-226, 1900. 

The Volteface of Flora [Changes in the Halifax Flora] : a Rejoin- 
der. ‘ The Naturalist for 1900,’ 229 -286. 1900. 

- - Spring’s Pageant in Westmorland and Lancashire. ‘ The Naturalist 
for 1900,’ 277 -284, 1900. 

Ley, Rev. Augustin. Two New Ilieraciuni Forms. ‘ Trans. Woolhope 
N. F. C. 1898-99,’ App. 2 pp., 1900. 

- — Some Welsh Hawkweeds. ‘ Trans. Woolhope N. F. C. 1898 -99,’ 

App. 1 pp., 1900. 

Marshall, . 1 . .). Additions to the East Riding Moss Flora, 1899. 

‘ Trans. Hull Sci. F. N. C.’ i 90, 1900. 

Report of the Yorkshire Bryological Committee for 1899. ‘ The 

Naturalist for 1900,’ 287 289, 1900. 

Yorkshire Bryological Committee: Report for 1900. ‘The Natu- 
ralist for 1901,’ 65-67, 1901. 

Massee, George. ^lycological Research in the United States. ‘The 
Naturalist for 1900,’ 846-350, 1900. 

Epping Forest Fungi : Report on the Species observed at the 

Fungus Foray on October 6, 1900, including two new to Britain. 
‘ Fssex Naturalist,’ xi. 818 815, 1901. 

Melvill, James Cosmo. Addenda to Miss Stow’s Catalogue of the 
Flowering Plants of Woodhall Spa. ‘ The Naturalist for 1900,’ 828- 
824, 1900. 

Mills, Dr. Edmund J., John Imrie, and Archibald Gray. On the 
Relation of the Ash to the Height of Plants, ‘ Proc. Glasgow Phil. 
Soc.’ XXXI. 129-188, 1900. 
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Moss, C. E. J^orland Clough : 2. Plant Life. ‘Halifax Naturalist,’ v. 
41-45,1900. 

Changes in the Halifax Flora during the last Century and a 

quarter. ‘ The Naturalist for 1900,’ 165-172, 1900; ‘ The Naturalist 
for 1901,’ 99-107, 1901. 

Norman, Commander. The Functions of the Climbing Hoots of Ivy. 

‘ History Berwicksh. Nat. Club,’ xvii. 140-142, 1900. 

G. Additions to Mr. Broome’s List of Fungi of the Bath District. 

‘ Proc. Bath N. H. A. F. C.’ ix. 208-213, 1900. 

Nowers, John E. List of Mosses found in Staffordshire. ‘Trans. 
N. Staff. F. C.’ XXXV. 76-100, 1901. 

Parsons, Dr. H. Franklin. The Commons near Croydon, and their 
Flora [1899]. ‘ Trans. Croydon M. N. H. C.’ iv. 1-7, 1900. 

Paulson, Robert. An Inquiry into the Causes of the Death of Birch 
Trees in Epping Forest and Elsewhere. ‘ Essex Naturalist,’ xr. 273 
284, 1901. 

Petty, S. Lister. The Constituents of the North Lancashire Flora, 
1597(?) 1894. (Nineteenth Paper.) ‘ The Naturalist for 1900,’ 333- 
335, 1900. 

Philip, R. H. Deformed Diatoms in the Subway near tlie St. Andrew’s 
Dock, Hull. ‘Trans. Hull Sci. F. N. C.’ i. 118 119, 1900. 

Pickard, Joseph F. Some Rarer Plants of Rowland. ‘ The Naturalist 
for 1901,’ 37-41, 1901. 

Powell, J. T. Two more Epping Forest Rubi. ‘ Essex Naturalist,’ xi. 
267, 1901. 

Praeger, R. Ll. (Dublin N. F. C.). ]3otanical Exploration in 1899. 

‘ Irish Naturalist,’ ix. 135-139, 1900. 

Round Lough Conn. ‘ Irish Naturalist,’ ix. 224 229, 1900. 

Notes on the Limerick Flora. ‘ Irish Naturalist,’ ix. 260 265, 1900. 

Robertson, Mrs. Phceosaccion Colllnsii (Farlow). ‘ Communications 
I. W. Scot. Marine Biol. Assoc.’ i. 23-24, 1900. 

Robinson, J. F. East Riding Botanical Notes, 1900. ‘ Trans. Hull Sci. 

F. N. C.’ i. 117, 1900. 

Ross, Alexander. Records of Excursions in ‘ Annals 

Andersonian Nat. Soc.’ ii. 117-134, 1900. 

Saunders, James. The Habitats of the Mycetozoa. ‘ Trans. Herts 
N. H. Soc.’ X. 169-172, 1900. 

Scott-Elliot, G. F. The Formation of New Land by Various Plants. 

‘ Annals Andersonian Nat. Soc.’ ii. 67-72, 1900. 

Smith, Robert. Plant Associations of the Tay Basin. ‘ Trans. Berths. 
Soc. Nat. Sci.’ iii. 69-87, 1900. 

Southwell, Thomas. On the Raising of I.ycr-ro li im from Spores first 
by a Norwich Weaver. ‘ Trans. Norf. Norw. Nat. Soc.’ vii. 96 97, 
1900. 

Stephens, R. Darell S. A List of Plants found in the Parishes of 
S. Minver, Cornwall, and Bradford Abbas, Dorset. ‘ Proc. Dorset 
N. H. A. F. C.’ XXI. 125-136, 1900. 

Stewart, W. Notes on the Occurrence of Trlchomanes radicans, Sco.,in 
Scotland [1899]. ‘Trans. Glasgow N. H. Soc.’ vi. 18 21, 1901. 
Stiles, M. H. List of Diatoms found near Doncaster. ‘ The Naturalist 
for 1900,’ 325-330, 1900. 

Stow, Mias S. C. A List of Flowering Plants, &c., noted at Woodhall 
Spa. ‘ The Naturalist for 1900,’ 241-245, 1900. 
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Stow, Miss S. C. List of Mosses New to North or to South Lincolnshire. 

* The Naturalist for 1901,’ 67-G8, 1901. 

Thomas, Miss M. On the Alpine Flora of Clova. ‘ Trans. Perths. Soc. 
Nat. Sci.’ HI. 60-00, 1900. 

Tno]\rpsON, J. and A. If. Notes on the Fungi in the Chester District. 

‘Proc. Chester Soc. Nat. Sci. 1809-1900,’ 84-35, 1900. 

Tkail, Prof. J. W. H. Notes on the Flora of Buchan. ‘ Trans. Buchan 
F. C.’ V. 171-170, 1000. 

ViKTEK, Miss M. Ih Mushrooms and Puh’-Balls. ‘ Trans. Eastbourne 
N. II. Soc.’ iiT. 25H 250, 1901. 

Watt, Hugh Boyd. Scottish Forests and Woodlands in Early Historic 
Times. ‘ Annals Andersonian Nat. Soc.’ ii. 80-107, 1000. 

West, W., and G. S. West. The Alga-Flora of Yorkshire. ‘Trans. 

Yorks. Nat. Union,’ Parts 22 and 28, pp. 1 100, 1000. 

^VH1TNEY, Neville S. Species of Orchidacejo found in the Neigh- 
bourhood of Eastbourne. ‘ Trans. Eastbourne N. H. Soc.’ iii. 241- 2, 
1901. 

Wilkins, T. S. Needwood Forest. ‘ Trans. N. Staff. F. C.’ xxxv. 78-75, 

1901. 

Wilkinson, Henky J. Cahi]('‘;(ie of Britisli Plants in the Herbarium of 
the Yorkshire Philosophical Society. App. to Part VI. and Part VII. 
‘ Report Yorks. Phil. Soc. for 1900,’ 15-31, 1901. 


Section L. -Educational Science. 

Gkay, William. The Position of Belfast in relation to Technical 
Instruction under the Agriculture and Technical Instruction Act. 
‘ Proc. Belfast N. H. Soc. 1899 -1000,’ 44-52, 1900. 

Meldola, Prof. R. Education in Rural Schools. ‘ Essex Naturalist,’ 
XI. 286-280, 1901. 
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Bola.m, Roheut Geouge. ‘History Berwicksh. Nat. Club,’ xvii. 140 - 
152, 1000. 

Biuug:man, John Brooks. By Thos. Southwell, ‘ Trans. Norf. Norw. 
Nat. Soc.’ VTi. 101-100, 1900. 

CoKDEAux, John. By Thos. Southwell. ‘ Trans. Norf. Norw. Nat. Soc.* 
VII. 100-101, 1000. 

CiiAW, Hi:niiy Hi: WAT. By Dr. Charles Stuart. ‘ History Berwicksh. 
Nat. Club,’ XVII. 161 162, 1000. 

Flower, Sir William Henry. By Walter Crouch. ‘ Essex Naturalist,’ 
XI. 248-245, 1901. 

Gunn, Rev. George. By Rev. David Paul. ‘History Berwicksh. Nat. 
Club,’ XVII. 158-160, 1000. 

Gurney, R. J. H. By W. H. Bidwell. ‘ Trans. Norf. Norw. Nat. Soc.’ 
VII. 98-100, 1900. 

Norman, George. By T. Sheppard. ‘ Trans. Hull Sci. F. N. C.' i. 105- 
112, 1900. 

Paget, Sir James. By Thos. Southwell. ‘ Trans. Norf. Norw. Nat. Soc. 
VII. 104 105, 1900. 

Pitt-Riverh, Lieut.- General. By F. W. Reader. ‘ Essex Naturalist,’ 
XI. 245-251, 1901. 
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Reynolds, Richard. By Prof. L. C. Miall. ‘Proc. Yorks. Geol. Poly 
Soc.’ XIV. 97- 98, 1900. 

Simpson, James. By D. H. ‘Trans. Edinb. Geol. Soc.’ viii. 82, 1901. 
Stanford, E. 0. C. By Prof, G. G. Henderson. ‘Proc. Glasgow Phil. 
Soc.’ XXXI. 46-51, 1900. 

Turner, Dr. George A.' By Dr. Robert Fullerton. ‘ Proc. Glasgow Phil. 
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TMNSACTIONS OF THE SECTIONS. 


Section A MATUEMATIC.U- AND PHYSICAL SCIENCE. 

Pkestdext of Tin: Section. — M ajor P. A. MAcMAnoN, P.Sc., F.R.S. 


TlTCllSDAY, SEPT EMU Ell 12. 

The President delivered the following Address: — 

Durino the seventy meet iiigs of the Association a pure mathematician has been 
president of Section A on ten or a dozen occasions. A theme taken by many has 
been a defence of the study of pure mathematics. I take (Jjiyley’s view expressed 
before th«* whole AVssnciatioii at Southport in 188.‘1 that no defence is necessary, 
but were it otherwise I feel that nothing need bo added to the eloquent words of 
Sylvester in ISGOand of h^orsvtli in 18‘.>r. 1 intend therefore to make some re- 
marks on several matters whicli may be interesting to the Section even at the risk 
of being considered unduly desultory. 

Pefore commencing 1 niu'-t remark that during t lie twelve 'months that have 
elapsed since the Hradford Meeting we have lost several great, men whose lives 
were devoted to the subjects of tins Section. Itermite, tlie veteran mathema- 
tician of France, has left behind him a splendid record of purely scientific 
work. Jlis name will bo always coiinecfed with the Herculean achievement 
of A-Jolving the general quintic equation by means of elliptic modular func- 
tion.s. Otlior work, if less striking, is equally of tlio highest, order, and liis 
treatise ‘ Cours (VAiialyse ’ is a model of style. Of FitzUerahl of Jlublin it 
is not easy to speak in tliis room without oinotion. For many years ho was 
the life- and soul of this Section. Ilis enthusipiu in regard to all branches of 
molecular physics, the force and profundity of Ids speech, the vigour of his advo- 
cacy of particular theories, the acute thinking which enabled him to formulate 
desiderata, his warm interest in the work of others, and the unselfish aid he was 
so willing to give, are fresh in our remembrance. Howland was in the forefront of 
the ranks of physicists. Itis death at a comparatively early ape terminates the 
important- series of discoveries which were jiroclaimed from ids laboratory in the 
.Tofins Hopkins Uiuversit y at Baltinu^re. In Viriamu .Tones we have lost an 
asvsiduous worker at ])hysic.s whoso valuuhle contributions to knowledge indicated 
his power to do much more for science. In Tait, {Scotland possessed a powerful 
and original investigator. The extent and variety of Ids’ papers are alike remark- 
able, and in bis collected works there exists an imperishable monument to his 
fame. 

It is interesting, in this the first your id' the new century, to take a rapid 
glance at the position that mathematicians of this country held amongst mathe- 
maticians a hundred years ago. During the greater part of the eighteenth century 
the study of mathematics in England, Scotland and Ireland had been at a very 
low ebb. Whereas in 1801 <ni the (Joutiuenf there wore the leaders Lagrange, 
Laplace and Legendre, and of rising men, Fourier, Ampere, Poisson and Gauss, we 

nr M 
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could only claim Tliomas Youii^ and Ivory as men who were doinp: notable work 
in research. Amongst schoolboys of various ages we note Fresnel, Bessel, Cauchy, 
Chasles, Lame> Mobius, v. Staudt and Steiner on the Continent, and Babbage, 
Peacock, John Ilerschel, Henry Pan-Hamilton and George Green in this 
country. It was not indeed till about 1845 or a little later that we could point 
to the great names of William Rowan Hamilton, MacCullagh, Adams, Boole, 
Salmon, Stokes, Sylvester, Cayley, William Thomson, H. J. S. Smith and 
Clerk Maxwell as adequate representatives of mathematical science. It is 
worthy of note that this date, 1845, marks also the year of the dissolution of a 
very interesting society, the Mathematical Society of Spitalhelds ; and I would 
like to pause a moment and, if I may say so, rescue it from the oblivion which 
ieems to threaten it. In 1801 it was already a venerable institution, having 
been founded by Joseph Middleton, a writer of mathematical text-books, in 
1717.^ The members of the Society at the beginning were for the most part 
silk-weavers of French extraction ; it was little more than a working man's 
club at which questions of mathematics and natural philosophy were discussed 
every Saturday evening. The number of members was limited to the ^ square 
of seven,’ but later it was increased to the ^square of eight,’ and later still to 
the ‘square of nine.’ In 1725 the place of meeting was changed from the Mon- 
mouth’s Head to the White Horse in Wheeler Street, and in 17d5 to the Ben 
Jouson’s Head in Pelham Street. The subscription was six-and-sixpenct-, a 
quarter, or sixpence a week, and entrance was gained by production of a metal 
ticket which had the proposition of Pvthi!_-,ira>- engraved on one side and a sighted 
quadrant with level on the other. The funds, largely augmented by an elaborate 
system of fines, were chiefly used for the purchase of books and physical 
apparatus. A president, treasurer, inspector of instruments and secretary \vere 
appointed annually, and there were, b(*sides, four stewards, six auditors, and six 
trustees, l^y the constitution of the Society it was the duty of every member, if 
he were asked any mathematical or philosophical question by another member, to 
instruct him to the best of his ability. U was the custom for each member in 
rotation to lecture or perform experiments at each evening meeting. There was 
a fine of half-a-crown for introducing controverted points of divinity or politics. 
The members dined together twice ammally, viz., on the st^cond Friday in January 
in London in commemoration of the birth of Sir Isaac Newton (this feast fre- 
quently took place at the Black Swan, Brown’s Lane, Spitalflelds), and on the 
second Friday in July ‘ at; a convenient distance in the country in coimuemoratiou 
of the birth of the founder.’ The second dinner frequently fell through because the 
members could not agree as to the locality. It was found necessary to iutruduce 
a rule fining members sixpence for letting off lire works in the place of meeting. 
Every member present was entitled to a pint of b(‘er at the common expense, 
and, further, every five members were entitled to call for a quart for consump- 
tion at the meeting. Such were some of the quaint regulations in force when, 
about the year 1750, tlui Society moved to larger apartments in Crispin Street, 
where it remained without interruption till 184‘>. It ajipears from the old minute 
books that about the year 1750 the Society absorbed a small matheimitical society 
which used to meet at the Black Swan, Brown’s Lane, above mentioned, and 
that in 1785 an ancient historical society was also incorporated with it. By 
the year 1800 the class of tlie members had become improved, and wi; find 
some well-known names, such as Bollaiid, Simpson, Saunderson, Crossley, 
Paroissen and Gompertz. At this time lectures were given in all branches of 
science by the members in the Society’s rooms, which on these occasions were 
open to the public on payment of one shilling. The arrangements for the 
session 1822-23 included lectures in mechanics, hydrostatics and hydraulics, 
pneumatics, optics, astronomy, chemistry, electricity, galvanism, magnetism 

' Its first place of meeting was the Monmouth’s Head, Monmouth Street, Spital- 
fields. This street has long disappeared. From a map of London of 1746 it appears 
to have run parallel to the present Brick Lane and to have corresponded to the present 
Wilks Street. 
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and botany, illustrated by experiments. On account of these lectures the 
Society had to fight an action-at-law, and although the case was won, its slender 
resources were crippled for many years. In 18:27 Benjamin Gompertz, F.R.S., 
succeeded to the presidency on the death of the liev. George Paroissen. From the 
year 18JiO onwards the membersliip gradually declined and the financial outlook 
became serious. In 1843 there was a crisis; the Society left Crispin vStreet for 
cheaper rooms at 0 Devonshire Street, Bishopsgate Street, and finally, in 1845, 
after a futile negotiation with the London Institution, it was taken over by the 
Royal Astronomical Society, which had been founded in 1821. The library and 
documents were accepted and the few surviving members were made life members 
of the Astronomical Society without payment. So perished this curious old insti- 
tution ; it had amjissed a really valuable library, containing boolis on all branches 
of science. The Astronomical Society has retained the greater part, but some have 
found their way to the libraries of the (’hemical and other societies. An inspec- 
tion of the documents establishes that it was mainly a society devoted to physics, 
chemistry and natural history. It had an exteu^ive muKunn of curiosities and 
specimens of natural history, presented by individual members, which seems to 
have disappeared when the rooms in Crispin Street were vacated. It seems a pity 
that more effort was not made to keep the old institution alive. The fact is that 
at that date the Royal Society had no sympathy with special societies and did all 
in its power to discourage them. The Astronomical Society was only formed in 
1821 in the teeth of the opposition of the Royid Society. 

Reverting now to the date 1845, it may be said that from tliis period to 
180(1 much good work emanated from this country, hut no Mathematical 
Society existed in London. At the latter date the present Society was formed, 
with De Morgan as its first President, (u)mpertz was an original member, 
and the only person who belonged to both the old and new societies. The 
thirty-throe volumes of proeeedings that have appeared giv(‘ a fair indication 
of the nature of the mathematical work that has issued from the p(‘n9 of our 
countrymen. All will admit that it is the duty of anyone engaged in a particular 
line of research to keep himself abreast of discoveries, inventions, methods, and 
ideas, which are being brought forward iu that line in his own and other coun- 
tries. In pure science this is easier of accomplishment hv the individual worker 
than in the case of applied scienct*. In pure matln^matics the stately edifice of the 
Theory of Functions has, during the latter part of the century which has expired, 
been slowly rising from its foundations on th(‘ continent of luirope. It had reached 
a considerable height and presented an imposing appearance before it attracted 
more than superficial notice iu this country and in America. It is satisfactory to 
note that during recent years much of th<‘ leeway has been made up. English- 
speaking mathematicians have introduced the first notions into elementary text- 
books ; theyha\e written advanc(‘d treatises on th(‘ whole subject; they have 
encouraged the young('r men to attend courses of lectures in foreign universities; 
so that to-day the best students iii our universities can attend courses at home 
given by competent pensons, and have the opportunity of acquiring adequate know- 
ledge, and of themselves contributing to the general advance. The Theory of 
Functions, being concerned with the functions that satisfy differential equations, 
has attracted particularly the attention of those whose bent seemed to be towards 
applied mathematics and inatbematical physics, and there is no doubt, in analogy 
with tho work of Poincarf^ in celestial dynamics, those sciences will ultimately 
derive great beiu'fit from the new study. If, on the othtu* hand, one were asked 
to specify a department of pure mathematics which has been treated somewhat 
coldly in this country during the last quarter of the last century, one could point 
to geometry in general, and to pure geometry, descriptive geometry, and ihe 
theory of surfaces in particular. This may doubtless be explained by the cir- 
cumstance that, at the present time, the theory of differential equations and the 
problems that present themselves in their discussion are of such commanding 
importance from the point of view of the general advance of mathematical science 
that those subjects naturally prove to be most attractive. 

As organisation and co-operation i|i mathematics, Germany, I believe. 



stands first. The custom of offering prizes for the solutions of definite problems 
which are necessary to the general advance obtains more in Germany and in 
France than here, where, I believe, the Adams Prize stands alone. The idea 
has an indirect value in pointing out some of the more pressing desiderata to 
young and enthusiastic students, and a direct importance in frequently, as it 
proves, producing remarkable dissertations on the proposed questions. The field 
18 so vast that any comprehensive scheme of co-operation is scarcely possible, 
though much more might be done with advantage. 

If we turn our eyes to the world of astronomy we find there a grand scheme of 
co-operation which other departments may indeed envy. The gravitation formula has 
been recognised from the time of Newton as ruling the dynamics of the heavens, 
and the exact agreement of the facts derived from observation with the ►'-imple 
theory has established astronomy as the most exact of all the departments of 
applied science. Men who devote themselves to science are actuated either by a 
pure love of truth or because they desire to apply natural knovvh^dge to the bene- 
fit of mankind. Astronomers belong, as n rule, to the first category, which, it 
must be admitted, is the more purely scientific. We not only find international 
co-operation in systematically mapping the universe of stars and keeping all por- 
tions of the universe under constant observation, but also when a particular object 
in the heavens presents itself under circumstances of peculiar interest or importance, 
the observatories of the world combine to ascertain the facts in a manner which is 
truly remarkable. As an illustration, I will instance the tiny planet Eros dis- 
covered a few years ago by l)e Witt, llecently the planet was in opposition and 
more favourably situated for observation than it w^ill be again for thirty a ears. It 
w^as determined, at a conftTence held in Paris in July 11)00, that combined w'ork 
should he undertaken by no fewer than liftv observatories in all parts of the world. 
Beyond the fixing of the elements of the mean motion and of the perturbations of 
orbit due to the major planets, the principal object in view" is the more accurate 
determination of solar parallax. To my mind this concert of the world, this cos- 
mopolitan association of line intellects, fine instrummits, and tlie best known 
methods, is a deeply impressive spectacle and a grand example of an ideal scientific 
spirit. Other sciences are not so favourably circumstanced as is astronomy for 
work of a similar kind undertaken in a similar spirit. If in com])arison thtw 
appear to be in a chaotic state, the reason in part must be sought for in conditions 
inherent to their study, which make combined W'ork more dillicult, and the results 
of such combined work as there is, less striking to spectators. Still, the illustra- 
tion I have given is a useful object-lesson to all men of science, and may encourage 
those who have the ability and the opportunity to make strenuous eilbrts to 
further progress by bringing the w'ork of many to a single focus. 

In pure science we look for a free interchange of idtaxs, but in applied physics the 
case is different, owing to the fact that the commercial spirit largely enters into them. 
In a recent address, Professor Perry has stated that tmj standard of knowledge iu 
electrical engineering in this country is not as higii us it is elsewhere, and all men 
of science and many men in the street know liim to be right. This is a serious 
state of affairs, to which the members of this Section (lannot be in any sense 
indifferent. We cannot urge that it is a matter with which another Section of 
the Association is concerned to a larger degree. It is our duty to take an active, 
and not merely passive attitude towards this serious blot on the page of applied 
science iu England. For this many reasons might he given, but it is sufficient to 
instance one, and to state that neglect of electrical engineering has a baneful 
effect upon research in pure science in this country. It hindiTS investigations in 
pure physics by veiling from observation new" phenomena which arise naturally, 
and by putting out of our reach means of experimenting with new combination.s 
on a large scale. Professor Perry has assigned several reasons for tluj present 
impasse, viz., a want of knowledge of mathematics on the part of the rising 
generation of engineers ; the bad teaching of mathematics ; the antiquated methods 
of education generally ; and want of recognition of the fact that ■ :.»'*■ ■ ■ ■ is not 
on stereotyped lines, but, in its electrical aspect, is advancing at .u psv l-r..- rate; 
municipal procrastination, and so on. He confesses, moreover, that he does not 
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see his way out of the difficulty, and is evidently in a condition of gloomy appre- 
hension. 

It is, I think, undoubted that science has been neglected in this country, and 
that we are reaping as we have sowed. The importance of science teaching in 
secondary schools has been overlooked. Those concerned in our industries have 
not seen the advantage of treating their workshops and manufactories as labora- 
tori s of research. The Government has given too meagre an endowment to 
S(‘ientific institutions, and has failed to adequately encourage scientific men and 
attract a satisfactory quota of the best intellects of the country to the study of 
science. Moreover, private benefactors have not been so numerous as in some 
other countries in respect of those departments of scientific work which are either 
non-utilitarian or not immediately and obviously so. We have been lacking alike 
in science organisation and in effective co-operation in work. 

It has been attempted to overcome defects in training for scientific pursuits by 
the construction of royal roads to scientific knowledge. Fmgineering students 
have been urged to forego the study of liiuclid, and, as a substitute, to practise 
drawing triangh'S and squares; it has been pointed out to them that mathematical 
study has but one object, viz., the practical carrying out of mathematical opera- 
tions; that a collection of mathematical rules of thumb is what they should aim 
at ; that a knowledge of the meaning of processes may he left out of account so 
long as a sufficient grasp of the application of the resulting rules is acquired. In 
particular, it has been stuted that the study of the fundamental principles of the 
infinitesimal calculus may profitably be deferred indefinitely so long as the student 
is able to differentiate and integrate a few of the simplest functions that are met 
with ill pure and applied physics. The advocates of these views are, to my mind, 
urging a process of * cramming ’ for the work of life whicli compares unfavourably 
with that adopted by the so-called ‘crammers’ for examinations; the latter I 
heli(‘ve to lie, as a rule, much maligned individuals, who succeed by good organi- 
sation, hard work, and personal influence, where the majority of public and private 
schools fail ; the examinations for whicli their students compete encourage them 
to teach their pupils to tliink, and not to rely principally upon remembering rules, 
'idle best objects of education, I believe, are the liabits of thought and observation, 
the teaching of how to think, and the cultivation of the memory ; and examiners 
of experience are able to a considerable extent to influence the teaching in these . 
respects ; they show the teachers the direction in which they should look for 
success. The lesult lias been that the ‘ cramratT ’ for examinations, if he ever 
existed, has disappear<Ml. Ihit what can be said for the principle of cramming for 
the work of one’s life P Here an examination would be no check, for examiners 
imbued with the same notion would he a necessary part of the system ; the 
awakening of the student would come, perhaps slowly, but none the less 
inevitably ; he might exist for a while on his formulae and his methods, hut with 
the march of evmits, resulting in new ideas, new apparatus, new designs, new 
inventions, new materials requiring the utmost development of the powers of the 
mind, he will certainly find himself hopelessly at sea and in constant danger of 
dl.-^covering that he is not alone in thinking himself an impostor. And an impostor 
he will he if he does not by his own assiduity cancel the pernicious effects of the 
system upon whicli he has been educated. I do not, I repeat, believe in royal 
roads, though I appreciate the advantage of easy coaches in kindred sciences. In 
the science to which a man expects to devot*' his life, the progress of which he 
hopes to further, and in which he looks for his life’s success, there is no royal road. 
The neglect of science is not to be remedied by any method so repugnant to the 
scientific spirit ; we must take the greater, knowing that it includes the less, not 
the loss, hoping that in some happy-go-lucky way the greater will follow. 

At the beginning of the nineteenth century it was possible for most workers to 
be well acquainted with nearly all important theories in any division of science ; 
the number of workers was not great, and the results of their labours were for the 
most part concentrated in treatises and in a few publications especially devoted to 
science ; it was comparatively easy to follow what was being done. At the 
present time the state of affairs is The number of workers is very large [ 
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the treatises and periodical scientific journals are very numerous ; the ramifications 
of investigation are so complicated that it is scarcely possible to acquire a com- 
petent knowledge of the progress that is being made in more than a few of the sub- 
divisions of any branch of science. Hence the so-called spt^cialist has come 
into being. 

Evident though it be that this is necessarily an age of specialists, it is curious 
to note that the word ^ specialist ’ is often used as a term of opprobrium, or as 
a symbol of narrowmindedness. It has been stated that most specialists run 
after scientific truth in intellectual blinkers; that they wilfully restrain them- 
selves from observing the work of others who may be even in the immediate 
neighbourhood ; that even when the line of pursuit intersects obviously other 
lines, such intersection is passed by without remark ; that no attention is paid 
to the existence or the construction of connecting lines ; that the necessity for 
collaboration is overlooked; that the general advance of the body of scientific 
truth is treated as of no concern ; that absolute independence of aim is the thing 
most to be desired. I propose to inquire into the possibility of such an individual 
existing as a scientific man. 

I take as a provisional definition of a specialist in science one who devotes 
a very large proportion of his energies to original res(‘arch in a particular 
subdivision of liis subject. It will be sufticient to consider the subjects that 
come under the purview of Section A, though it will be obvious that a similar 
train of reasoning would have equal validity in connection with the subjects 
included in any of the other sections. I take the word ‘specialist’ to denote a 
man who makes original discoveries in some branch of science, and I deny that 
any other man has the right, in the modern meaning of the word, to be called 
by others, or to call himself, a specialist. I would not wish to be understood to 
imply a belief that a truly scientific man is necessarily a socialist ; I do believe 
that a scientific man of high type is almost invariably an original discoverer in one 
or more special branches of science ; but I can conceive that a man may study the 
mutual relations of different sciences and of difterent branches of the same science 
and may throw such an amount of light upon the underlying principles as to be 
in the highest degree scientific. I will now advance the proposition that, witli 
this exception, all scientific workers are specialists; it is merely a question of 
degree. An extreme specialist is that man who makes discnviTies in only one 
branch, perhaps a very narrow branch, of his subject. I sliall consider that in 
defending him I am defending the man who is a specialist, but not of this 

extreme character. 

A subject of study may acquire the reputation of being narrow either 
because it has for some rei\son or other not attracted workers, and is in reality 
virgin soil only awaiting the arrival of a husbandman with the lujcessary skill ; 
or because it is an extremely difficult subject which has resisted previous 
attempts to elucidate it. In the latter case, it is not likely that a scientific 
man will obstinately persist in trying to force an entrance tlmjugh a bari' blank 
wall. Either from weariness in striving, or from the exercis^i of his judgmfnit, he 
will turn to some other subdivision wliicli appears to give greater promise of 
success. When the subject is narrow merely Ijecause it has been overlooked, the 
specialist has a grand opportunity for widening and fretnng it from the reproach 
of being narrow ; when it is narrow from its inherent difficulty he has the oppor- 
tunity of exerting his full strength to pierce the barriers which close t he way 
discoveries. In either case the specialist, before he can determine the jiarticular 
subject which is to engage bis thoughts, must have a fairly wide Irrowh, d..'o of the 
whole of his subject. If he does not possess this he will most likely make a 
bad choice of particular subjects, or, having made a wise selection, will lack an 
essential part of the mental equipment necessary for a successful investigation. 
Again, though the subject may be a narrow one, it by no means follows that the 
appropriate or possible methods of research are prescribed within narrow limits. I 
will instance the Theory of Numbers which, in comparatively recent times, was a 
subject of small extent and of restricted application to other branches of science, 
'fhe problems that presented themselves naturally, or were brought into promi- 
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nence hy the imaginations of great intellects, were fraught with difficulty. There 
seemed to be an absence, partial or complete, of the law and order that investi- 
gators had been accustomed to find in the wide realm of continuous quantity. 
The country as explored was found to be full of pitfalls for the unwary. Many 
a lesson concerning the danger of hasty generalisation had to be learnt and 
taken to heart. Many a false step had to retraced. Many a road which a 
first reconnaissance had shown to he straight for a short distance, was found on 
further exploration, to suddenly change its direction and to break up into a 
number of paths which wandered in a fitful manner in country of increasing 
natural difficulty. There were few vanishing points in the perspective. Few, 
also, and insignificant were, the peaks from wliich a general view could be 
gathered of any considerable ])ortion of the country. The surveying instruments 
were inadequate to cope with the physical characters of the land. The province 
of the Theory of Numbers was forbidding. Many a man returned empty-handed 
and balHed from the pursuit, or else was drawn into the vortex of a kind of 
Maelstrom and had his lieart crushed out of him. Hut early in tin* last century 
the dawn of a brighter day was breaking. A combination of great intellects— 
Legendre, Gauss, Kiseustein, Stephen Smith, succeeded in adapting some 
of the existing instruments of restiarch in continuous quantity to effective use 
in discontinuous quantity. Th(‘se adaptations are of so difficult and ingenious 
a nature that they are to-day, at the commencement of a new century, the 
wonder and, I may add, the delight of beholders. Tnn* it is that the beholders 
are few. To attain to the point of vantage is an arduous task il-Muaad'Ug alike 
devotion and courage. 1 am reminded, 1o take u geographical analogy, of the 
Hamilton Falls, near Hamilton Inlet, in Labrador. I have been informed that 
to obtain a vi(‘w of tliis wonderful natural feature demands so much time and 
intrepidity, aral necessitates so many collateral eriiirL'.-iie-ii!'. that a few years 
ago only nine white men had feasted their eyes on falls which are liner than 
tliosi^ of Niagara, 'fhe laljours of the mathematicians named have resulted 
in the formation of a large body of dotitiine in the Theory of Numbers. Much 
that, to the superficial observer, appears to lie on the threshold of the subject 
is found to be deeply set in it and to be only capable of attack after problems 
at first, sight much inor(‘ complicated have been solved. The mirage that 
distorted the scenery and obscured the perspective has bt‘en to some extejit 
dissipated ; certain vanishing })()ints have been ascertained ; certain elevated 
spots giving extensive views l\ave been either found or constructed. The point 
1 wish to urge is, that these sp«*cialists in the Theory of Numbers were successful 
for the reason tliat they were not specialists at all in any narrow meaning of the 
word. Succ(*8s was only possible because of the wide learning of the investigator ; 
because of his Jiccurate knowh*dge of the instrunieiits that had been made effective in 
otlicr branches ; and because he had gra>ped the underlying principles which caused 
those instruments to be elfective in j)articular cases. 1 am confident that many a 
worker who, from tiie supposed extremely special character of liis researches 
has been tlie murk of sneer and of sarcasm, would he found to have devoted the 
larger portion of his time to the study of methods which had been available in 
other branches, perhaps remote from the one which was particularly attracting 
his attention. lie would he found to have realised that analogy is often the 
finger-post that points the way to useful advance; that liis mind had been trained, 
and his work assisted, by studying exhaustively the successes and failures of his 
fellow- workers. But it is not only existing methods that may be available in a 
special research. 

Furthermore, a special study frequently orentt'S new methotls which may be 
subsequently found nfiplicable to other branches. Of this the Theory of Numbers 
furnislies several beautiful illustrations. Generally, the method is more important 
than the immediate result. Though the result is the offspring of the method, the 
method is the offspring of the search after the result. The Law of Qaudratic 
Reciprocity, a corner-stoue of the edifice, stands out not only for the influence it hag 
exerted in many branches, but also ftir the number of new methods to which it 
Las given birth, which are now a portion of the stock-in-trade of a mathematician. 
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Euler, Legendre, Gauss, Eisenstein, Jacobi, Kronecker, Poincard, and Klein are 
great names that will be for ever associated with it. Who can forget the work of 
H. J. S. Smith on homogeneous forms and on the five-square theorem, work which 
gave rise to processes that have proved invaluable over a wide field, and which 
supplied many connecting links between departments which were previously in 
more or less complete isolation ? 

In this connection 1 will further mention two branches with which I 
have a more special acquaintance — the theory of invariants, and the com- 
binatorial analysis. The theory of invariantvS was evolved by the combined 
efforts of Boole, Cayley, Sylvester, and Salmon, and has progressed during 
the last sixty years with the co-operation, .rv.ovj'-{ others, of Aronhold, 
Olehsch, Gordan, Brioschi, Lie, Klein, Poincare, l-r-vi:., Hilbert, Elliott, and 
Young. It involves a principle which is of wide significance in all the subject- 
matters of inorganic science, ol* organic science, and of mental, moral and 
political philosophy. In any subject of inquiry there are certain entities, the 
mutual relations of which under various conditions it is desirable to ascertain. 
A certain combination of these entities may be found to have an unalterable value 
when the entities are submitted to certain processes or are made the subjects of 
certain operations. The theory of invariants in its widest scientific meaning 
determines these combinations, elucidates their jirriporlies, and expresses results 
when possible in terms of them. Many of the general principles of political 
science and economics can be expressed by means of invariantive relations connect- 
ing the factors which enter as entities into the special problems. The great 
principle of chemical science which assorts that when elementary or compound 
bodies combine with one another the total weight of tlie materials is unchanged, 
is another case in point. Again, in physics, a given mass of gas under the 
operation of \ar\ii!'.'- pressure and temperature has the well-known invariant, 
pressure mnli I plii (1 by volume and divided by absolute temperature. Examples 
might be multiplied. In mathematics the entities under examination may bo 
arithmetic, algebraic, or gi'oraetric; the processes to wbicli tliey are, sub- 
jected may be arty of those which are met witli in mathematical work. It is 
the principle which is so valuable. It is the idea of invariance that pervades 
to-day all branches of mathematics. It is found that in investigations the 
invariantive fractions are those which persist in ])resenting themselves, even when 
the processes involved are not such as to ensure the invariance of those functions. 
Guided by analogy may we not anticipate similar phenomtaia in otlujr fields of 
work 

The combinatorial analysis may be described as occupying an extensive region 
between the algebras of discontinuous and continuou' '. i-i' ' It 1- to a certain 
extent a science of enumeration, of measurement by iii- .i.. • .r *■ as opposed 
to measurement of quantities which vary by infinitesimal increments. It is also 
concerned with arrangements in wliich difi'erences of quality and relative position 
in one, two, or three dimensions, are factors. Its chief problem is the formation of 
connecting roads between the sciences of discontinuous and continuous quantity. 
To enable, on the one hand, the treatment of quantities which vary per 
saltmiiy either in magnitude or position, by the methods of the ecieuce 
of continuously varying quantity and position, and on the other hand 
to reduce problems of continuity to the resources available for th(‘ manage- 
ment of discontinuity. These two roads of research should be regarded as pene- 
trating deeply into the domains which they connect. 

In the early days of the revival of mathematical learning in Europe the subject 
of ^ combinations ’ cannot be said to ba\ e rested upon a scientific basis. It was 
brought forward in the shape of a number of isolated questions of arrangement, 
which were solved by mere counting. Their solutions did not further the general 
progress, but were merely valuable in connection with the special problems. Life 
and form, however, were infused when it was recognised by Do Moivre, Bernoulli, 
and others that it was possible to create a science of probability on the basis of 
enumeration and arrangement. Jacob Bernoulli, in his ^Ars "i.’ 1713, 

established the fundamental principles of the Calculus of Probabilities. A 
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systematic advance in certain questions which depend upon the partitions of 
numbers was only possible when Euler showed that the identity 
reduced arithmetical addition to algebraical multiplication and vice vend. Starting 
with this notion, Euler developed a tlieory of generating functions on the expan- 
sion of which depended the formal solutions of many problems. The subsequent 
work of Cayley and Sylvester rested on the same idea, and gave rise to many im- 
nroveraenta. The combinations under enumei'ation had all to do with what may 
be termed arrangements on a lino subject to certain laws. The results were im- 
portant algebraically ns throwing light on the theory o'* W ’ ’ * ■ * but another 

large class of problems remained uutouch<‘d, and was considered as being both 
outside the scope and Ix'yond the power of tbt* method. 1 propose to give some 
account of these pn)blems, and to add a short history oi’ t!ie way in whicli a 
method of solution has been r#Miched. It will be gathered from remarks made 
above that I regard any d(»partment of acientilic work, which seems to be narrow 
or isolated, as a proptir subject for rescanrb. I do not believe in any branch 
of science, or siiliject of scientific work, being destitute of coniiecTioii with other 
branches, if it appears to be so, it is especially markt^d out for investigation by 
the very unity of science. I'herti is no necessarily patliless desert separating 
different regions. Now a department of ])ure matberaatics which appeared to l)e 
somewhat in this forlorn condition a few years ago, was that which included prob- 
lems of the nature of the magic square of the ancients. Conceive a I’ectangular 
lattice or generalis<Kl chess boanl (cf. ‘ Oitler,* Klein>, whose compartments are 
situations for given numbers or quantities, so that there is a rectangular array of 
certain entities. The general pr(»hlem is the enumerafion of the arrays when both 
the rows and the columns of the lattice satisfy certain conditions. With the 
simplest of such probhMUs certain progress bad undoubtedly been made. The 
article on Magic JSquare.s in the ‘ Encyclopredin Britannica,^aiid others on the 
same subject in various scientific ])ub]ication8, are examples of such progress, but 
the position of isolation was not sensibly amelioiated. Again the well-known 
‘ problerae des rencontro ’ is an instance in point. Here the problem is to place 
a number t)f ditlert‘nl entities iii an a>sigiied order in a line and beneath them the 
same entities in a diffei-ent order subject to the condition that the entities in the 
same vertical line are to ha <iillerent. This easy question has been solved by 
gtmeratiiig functions, finite difl(*rences, and in many other ways. In fact when the 
number ot rows is restricted to two, the ditUculties inherent in the pioblem when 
more than two rows are in que.stitm dt) not present themsihes. The problem of 
the Latin Square is concerned with a square of order n and n different quantities 
which have to )k» plactni one in each of the //* compartments in such wise that 
each row and each c-olumu contains each of the quantities. The enumeration of 
such arraiigemeiits was studied by mathematiinans from Euler to Cayley without 
any real progress being made. In reply to the remark ‘ (hii bono I*' ’ I should say 
that such arrangcmieuts lia\e piesenied themselves for investigation in other 
branciies of inathematies. Symbolical algebras, and in particular the theory of 
discontinuous groups of operat ions, have their laws defined by what Cayley has 
termed a multiplication table. Such multiplication tables are iiecessiirily Latin 
Squares, though it is not ctui verse ly true that every Latin Square corresponds to a 
multiplication table. One of the most important, questions awaiting solution in 
connection with the theory of finite discontinuous groups is the enumeration of 
the types of groups of givioi order, or of liRtin fSquares which satisfy additional 
conditions. It thus comes about that the subject of Latin ^quart's is important in 
mathematics, and some new method of dealing with them seems imperative. 

A fundamental idea was that it might be possible to find some mathematical 
operation of which a particular Latin Square might be the diagrammatic repre- 
sentative. If, then, a one-to-one correspondence could be established between such 
mathematical operations and the Jjatin Squart>s, the enumeration might conceivably 
follow. Ilearing this notion in mind, consider the diflerontiation of with 
regard to .r. Noticing that the result is ^ (/i an integer), let us inquire 
whether we can break up the operation of diflerontiation into n elementory por- 
tions, each of which will contribute a unit to the resulting coefficient w. If we 
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write down as the product of n letters, viz., .r.ia.r . , it is obvious that if we 
substitute unity in place of a single x in all possible ways, and add together the 
results, we shall obtain We have, therefore, n different elementary opera- 
tions, each of which consists in unity for .r. We may denote these 

diagrammatically by 


Lra'^ri:-;- 

and from this point of view -f is a combinatorial symbol, and 
<Lv 

coefficient ft the number of ways of selecting one out of different things. 

Similarly, the higher differentiations give rise to diagrams of two or more 
rows, the numbers of which are given ])y the coefficients which result from such 
diflerentiations. Following up this clue much progress has been made. For a 
particular problem success depends upon the design, on the one hand, of a func- 
tion, on the other hand, of an operation such that diagrams make their appearance 
wffiich have a one-to-one correspondence witli the entities whose enumeration is 
sought. For a general investigation, however, it is mon‘ scientilic to start by 
designing functions and operations, and then to ascertain the problems of which 
the solution is furnished. The difficulties connected with the Latin Square and 
with other more general questions have in this way been completely overcome. 

The second new method in analysis that I desire to bring belore the Section 
had its origin in the theory of partition. Diophantus was accustomed to consider 
algebraical questions in which the symbols of quantit y were subject to certain con- 
ditions, sucb, for instance, that they must denote positive numbers or integer 
numbers. A usual condition with him was that the (juantities must denote posi- 
tive integers. All such problems and particularly those last specitied are ((ualitied 
by the adjective Diopbantine. The partition of numbers is then on all fours with 
the Diopbantine equation 

a + ^ + y-f ... + 

a further condition being that one solution only is given by a group of numbers 
a, Pjy . , , satisfying the equation; that in fact permutations amongst the quanti- 
ties a, 3, y . . . are not to be taken into account. This further condition is brouglit 
in analytically by adding the Diopbantine inequalities 

p in number. The importation of this idea leads to valuable results in the theory 
of the subject which suggested it. A generating lunction can ho formed which 
involves in its construction the Diopbantine equation and inequalities, and h*ads 
after treatment to a representative, as well as enumerative, solution of tlie problem. 
It enables further the establishment of a group of fundamental parts of the parti- 
tions from which all possible partitions of numbers can bo formed by addition with 
repetition. In the case of simple unrestricted partition it gives directly the com- 
position by rows of units which is in fact carried out by the Ferrers- Sylvester 
graphical representation, and led in the hands of the latter to important results 
connection with algebraical series which present themselves in elliptic functions 
and in other departments of mathematics. Other liranches of analysis and geometry 
supply instances of the value of extreme specialisation. 

What we require is not the disparagement of the specialist, but tlie stamping out 
of narrow-mindedness and of ignorance of the nature of the scientific spirit and of 
the life-work of those who devote their lives to scientific research. The specialist 
who wishes to accomplish work of the highest excellence must he learned in the 
resources of science and have constantly in mind its unity and its grandeur. 


denotes by the 
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The following Papers were read : — 

1 . On Elastic Fatigue, as shown by Metals OAid Woods. 

By Professor A. (Iuay, F.R.S.y J. S. Dunlop, and A. Wood. 


2, Th£ Glmriny of Tnrbld Solutions^ and the Movement of Bniall Bus- 
•pended Particles by the Injluenee of Light. By Professor G. Quincke, 
of Heidelberg . — See Reports, p. GO. 


3. On the Relation between Temperature and JuLermd Visi osities of Solidsi 
By Professor A. Ghay, F.R.tS. 


4. Nutn on Hydrostatic /*rossure. 

By W. Ramsay, F.R.S.y nyul G. Senteu, B,>}c. 

The ]»roblem ol* hydrostatic pressure has usually becui treated os if the 
li<iuid, ill which the Heating c'-olid is immersed, were a continuum. According 
to the molecular theory , however, all liquids be regarded as consisting of 

discrete particles, moving among each other freely. Accepting this view, hydro- 
static pressure must be attributed to the bombardment of the immersed body by 
molecules, or perhaps by congeries of molecules ; and the kinetic energy of the 
molecules must be cajiable of transmission from those parts of the Huid which are 
not ill contact with the solid to those which are in contact, in such a manner that 
the lower portions of the immersed solid are exposed to greater pressure than the 
upper, due to the kinetic energy of all portions of Huid at a higher level than the 
lower portions, and at a lower level tlian the upper jiortions. 

Pictoii and Linder, working in the laboratory of University College, showed 
that colloidal solutions can be prepared of various degrees of tineness of the sus- 
pended particles; some solutions were prepared in which the particles "were 
distinctly visible with high microscopic magniHcation, while others contained 
particles in such a minute state of subdivision tliat even under the highest power 
of a micrtiscope, the colloidal solution ap^ieared homogeneous, and the particles 
were too line to polarise a beam of light by reHectioii. Between these two 
extremes intermediate grades were suecessfully made; while the particles of 
solid in such ‘solutions’ a.s contained visible solid were in rapid ]H)detic 
(Brownian) motion, a particular grade of ‘solution’ was prt‘pared, in which, 
although the particlc-s were too small to lie visible, they revciled their presence by 
polarising light; and under the microscope an appearance of confused motion 
imprea^ni itself on the eye ; it soeim*d as though tlu* particles w'ere in such rapid 
motion that they did not stay in focus long enough to create a permanent visual 
impression. 

'I'lu'- questions arose : do such particles produce Iiydrostatic pressure is that 
pressure eijual to the theoietical pressure which would be produced by a solution 
of t ho same density i"* at what stage of subdi\ision of the solid <loes such hydro- 
bt at \c pressure lieconie a])panMi t 

An attempt lias boon made to answer the lir^M two of these questions, and with 
fair success. The investigation will be continued iu the hope of Hiiduig an answer 
to the third (][iie8tion. 

The colloidal solution selected was one of arsenious sulphide in pure water. 
Such a solution is easily prepared by passing a current of sulphuretted hydrogen 
through an aqueous solution of arsenious acid to saturation, and then expelling 
excess of hydrogen sulphide by a current of hydrogen for several hours. The 
density of such a solution was determined iu two ways: first by means of a 
Sprengers pyknometer ; and second by weighing in the solution a large cylinder of 
glass (65 C.C.), weighted with mercury, so as to mako it sink. Corrections were 
introduced for reduction to weighing in vaouof and for temperature. 
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Beforo commencing operations witli the colloidal solution, experiments were 
made with a solution of barium chloride, so as to obtain a check on the results ; 


the agreement is satisfactory. 




T 

Hydrostatic 

method 

T 

Pyknometer 

t 

19-4*^ 

19-4° 

1-02677 

20® 

20® 

102681 1.A<>«Q9 

1-02686 J ^ 

II. 

20-67® 

20-67® 

1-02928 

20-47° 

20*47®' 

1-0293J 

1-02930 


Tbe difference in the first case is 6 in 10^,000 ; and in the second, 2 of 3 in 

100,000. 

With colloidal solution of arsenious sulphide, the data were : — 



T 

Hydrostatic 

method 

T 

Pykno- 

meter 

A 

1. 

21*2® 

1-01187 

21*2® 

2i*2® 

1-01192 

1-01193 

0-00005 

TL 

20-7® 

20*7® 

1-02323 

20-7® 

20*7^ 

1-02330 

1-02329 

0-00006 

IIL 

20-76® 

20-76® 

1-02272 

20-67® 

20-67® 

1*02276 

1-02277 

0-00006 

IV. 

20-80® 

20-80® 

1*01129 

20-8()° 

20-80® 

1-0113.> 

1-01134 

0-00006 


The solution IV. was prepared by diluting III. ; the others were all specially 
prepared ; they contained arsenious sulphide of such a degree of subdivision that 
the particles polarised light, but were invisible under a magnification of 1,000 
diameters. 

The influence of terror in weighing is such that an error of 1 mgr. in the weight 
of the body in air or in solution would have caused an error of 2 units in the fifth 
decimal place : and 1® in reading temperature would have made an error of the 
same magnitude. 

It will be noticed that the apparent density with the pyknometer always 
exceeds that with the float by 3 to 0 units in the fifth place of decimals; by 
3 to 6 parts in 100,000. It is probable that this is due to some unapplied correc- 
tion ; but it is not easy to allow for Jt. It may, we think, be taken as proved 
that colloidal arsenious sulijhide of the stale of subdivision used, exerts hydro- 
static pressure as if it were a liquid ; at any rate, it behaves as if it were In true 
solution like barium cliloride. 

It has long been the custom to determine the density of milk, which contains 
suspended fat globules, by means of a lactometer, w^bich involves a hydrostatic 
method. The experiments cited show that this custom is justifiable. 


5. The Freev.iuff Points of certain Dilute ISolutions. 
By E. H. Griffiths, F,R.S. 


6. The Buildings of the National Physical Laboratory, 
By Dr. R. T. Glazebuook, F,R,S, 


FRIDAY, SEPTEMBER 13. 

The Section was divided into two Departments. 
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Department I. — Physics* 

The following Report and Papers were read : — 

1. JReport on Electfical Standards . — See Reports, p. 31. 


2. Note on a Comparison of the l)eposits vn Silver Voltameters ivith 
different Solvents, By S. SkinneRj M.A . — See Reports, p. 32. 


3. The Discharge of Electricity through Mercury Vap)our. 

By Arthur Schuster, F.R.S. 

The experimental investigation of the passage of electricity through mercury 
vapour is of interest on account of the metallic nature of the element, the 
monatomic character of the vapour, and the purity with which it (tan l)e 
obtained. Previous results of the author had led to tlie conclusion that tint 
discharge of electricity through mercury vapour diliered fundamentally from that 
taking place through other gases, but these results have been called in question by 
other experimenters. 

The work now described has extended ov(‘r two years, but did not lead to 
results which may be said to be decisive on the account of tlie extreme difficulty 
of excluding small traces of moisture. Though the mercury vapour experimented 
upon no doubt was much purer than that obtained by any previous observers, it 
was not absolutely free from some otlier gas, wliich, probably, was aqueous 
vapour. The width of the well-known dark space round the kathode observed 
was t(m times larger than in air. This dark space, however, may possibly be due 
to the small remnant of impurity which, as has been pointed out, could not bo 
excluded. 


4. Sur les Effets magnetiq^ie de la Convection ^Iccirique. 
Par Dr. V. Crhmieu* 


5. Photoelectric Cells. By Professor G. M* MinchiN, M.A,^ F.P.S. 

During the past summer I have been engaged on the study of the photoelectric 
cells with which 1 had measured the voltage product'd by the light of the stars. 
The object of this investigation w^as to discover whether the life of a cell could be 
in any way prolonged or not, and also to find the best liquid that could be 
employed. 

Tn these cells the surface, wdnch is sensitive to light, is a thin layer of selenium 
spread on the end of an aluminium wire, the selenium layer being heated gradually 
after it has been vspread as a black viv'^cous liquid on tlu' end of tlie wire until it 
assumes the brownish grey colour which cliaracterises the stale in wffiicli it is 
sensitive to light. Th(‘ aluminium wire is contained in a glass t ube, which the 
wire should so completely tit as to prevent the ascent of a liquid iuto the tube — 
a condition which it is impossible to fulfil, as the aluminium wire cannot be 
sealed into a glass tube. It is essential for complett^ success that only the 
selenium layer on the end of the wire should come into contact with the liquid. 
Let us imagine two such selenium-coated aluminium wdres immersed in a small 
glass tube containing a liquid, one of the wires being completely screened from 
light, while the selenium on the end of the other can be exposed to light. In the 
dark there should be no voltage exhibited hy^ this cell when its two wires are 
connected with an electrometer. If the wire to ho exposed is left completely 
naked — ?.e., in free contact wdtli the surrounding liquid — no voltage (or almost 
none) will be developed when its selenium end is exposed to light. This result is 
undoubtedly due to short-circuiting in the cell itself when the light acts ; but if 
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this wire is sun’ouuded by a tightly iittiug glass tube a very great voltage is 
produced by light. 

The accompanying figure represents the two aluminium wires, A and B, con- 
tained in a cork which fits tightly into a glass cell, C, containing a liquid ; the 
wires are each contained in a tightly fitting glass tube and are connected with the 
poles of a quadrant electrometer, E. The ends of the wires are exactly flush with 
the ends of the glass tubes, which dip into the liquid, and these ends are coated 
with the selenium layers. We shall suppose that tlie wire B is screened from the 
incident light L. Each aluminium wire is about J mm. or ^ mm. thick, nothing 
depending on the diameter of the wire — i.e,, on the area of the sensitive selenium 
surface — provided that the iv/iole of this surface is illuminated by the incident light. 

Now tlie question will naturally occur, Why do we use aluminium and not 
some other metal, e.//., platinum, as the base for the selenium P The]answer is that 
many other metals have been tried, and none of them givet» results approaching 
those given by aluminium. Platinum develops only about half tlie voltage w’Jiicli, 
under the same circumstances, will be given by aluminium. Metals with which 
selenium combines readily are useless: copper, silver, and tin are very poor. Now 
as regards the liquids which are most efiective, I have found the following to be 
extremely good: oenanthol, acetone, succinate of ethyl, malonic ether, methyl- 



hexylketone, ethyl and methyl lienzoate, methyl carbonate, lactic acid, lactate of 
ethyl, and lactate of methyl. 

Cyanide of ethyl is somewhat efiective ; but such liquids as anisol, mustard oil, 
ethyl acetate, valerate of ethyl, and valerate of methyl are not sensitive at all. 

Within the last few weeks, however, I discovered a fact which will certainly 
modify some of my statements about the want of sensitiveness of liquids — the fact, 
namely, that nearly all of the little glass tubes which surrounded the aluminium 
wires, "and on which I had relied for insulating these wires from the liquid, were 
very good conductors ! 1 found that if the electrometer was charged by a Daniell 
cell, which was then withdrawn, so that the poles of the electrometer were 
insulated, one of my glass tubes laid across from one pole to the other rapidly 
discharged the electrometer ; and drying the glass tube did not much improve its 
insulation. Asa result of this, I have recently used a compound glass tube — 
one tube inside another with a layer of air between them, except at a common 
extremity where they are sealed together, thus : 

The inner tube is P, sealed to the outer, 

■ ■■ 9 at the end S, where the selenium surface of the 

S — iiiiiiJizirriz: P wire contained in the inner tube comes into 

Q contact with the liquid. 

Except in the neighbourhood of S, this 
interposes a layer of air between the tube P and the liquid, and the result is a 
great improvement. 

A more efiective way still is to coat the aluminium wire with an insulating 
varnish ; but this varnish must be such as not to bo dissolved by the liquid which 
we employ. 

1 am now engaged on this part of the problem, and it is mainly this which has 
compeUed me to delay the star measurements which 1 was to have resumed at Sir 
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Robert Balls observatory at Cambridge in continuation of the results which the 
late Professor FitzGerald, Mr. W. E. Wilson, and I obtained in Mr. Wilson’s 
observatory in Westmeath. 

It is desirable that I should give a notion of the magnitudes of the voltages 
developed in these cells by lights of various intensities. 

(1) An ordinary paraffin candle, held at a distance of 2 feet from a cell in 
which the liquid was inalonic ether, was found to give slightly more than ‘26 of 
a volt. 

(2) For small intensities of the incident light the voltage will be proportional 
to the square root of the intensity ; that is to say, the voltage varies inversely 
as the distance of the luminous source from the cell. 

(3) A paraffin candle, at a distance of 8 feet from the cell, gives a voltage 
almost exactly equal to that given by the light of Yega when this is concentrated 
by a reflecting telescope whose aperture is 2 feet. 

(4) For strong lights the law that the square of the voltage developed in the 
cell is proportional to the intensity of the incident light does not hold, as is shown 
by the following observation recently made : — 

Room darkened and cell in the dark, except that the light of the paraffin lamp 
of the electrometer was, to some extent, reflected from the walls of the room : this 
very feeble light gave a deflection of 11 divisions on the scale. One candle held at 
2 feet from the cell gave (not allowing for the above 11 divisions) 70 divisions. 
Two candles held close together at 2 feet from cell gave (not allowing for the 
11 divisions) 99 divisions. (One volt was represented by 275 divisions.) 

Let t be the energy incident on the sensitive plate when nothing but the 
reflected lamplight falls on it; let I be the incident energy due to one candle at 
2 feet, and F that due to two candles at 2 feet; then we have 


These give 


/ = Z'xll- 
T + '/--=Ak76" 
1 ' + i = X 00 “ 


I' 

i 
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but F should be 21, so that the law cannot hold. Indeed, diffused daylight itself 
develops only about *5 volt in the cell. 

These ceils are sensitive to all parts of the spectrum, the voltage developed 
by the yellow being slightly greater than that due to the other parts. 

As to the nature of the action of light in a selenium cell, 1 may quote the 
following interesting experiment which was made by Mr. Sbelford Iff dwell, and 
communicated to me in a letter recently. 

Mr. Bidwell took a piece of platinum foil and coated it by electrolysis with a 
very thin layer of selenium by making it the cathode in a solution of selenious 
oxide, or of 8e dissolved in HNO.^. The platinum foil, thus covered with red Se, 
was gradually heated on a brass plate and thus brought into the well-known con- 
dition in wliich it is sensitive to light. 

When this coated strip was immersed in a beaker of tap water in presence of a 
clean platinum strip, there was little (if any) voltage in the dark ; but when 
diflused daylight was allowed to fall on the coated strip a voltage of *101 was 
developed. (This was very much less than the voltage which would have been 
developed in the cells which 1 have just described ; but the reasons for this are 
obvious.) 

In this cell, as in all other forms of selenium cells, the selenium plate was to 
the inactive plate as copper to zinc, and from this Mr. Bidwell concludes that, 
just as Zn tends to combine with oxygen in II3O, so Se in the light tends to 
combine with hydrogen and form HgSe. 

In order to test this, Mr. Bidwell took two small test tubes, and into each he 
put some acetone and a strip of platinum coated with selenium ; each tube was 
closed by a vaselined cork, and from each cork was suspended in the tube a clean 
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strip of silver. One of these tubes was put into a box in a dark room, and the 
other was exposed to light in a conservatoy. Here they were left for five years — 
forgotten, I presume — and when examined at the end of that time it was found 
that the silver strip in the tube exposed in the conservatory was very much 
blackened, while that in the tube kept in the dark was scarcely discoloured at all. 


(). Qyi the Neces^nity for PoHtnlatiny an Ethfn\ B. TIopkinhox. 

The difference between those who say that there must be a medium to transmit 
gravitation and those who deny its necessity is a purely metaphysical one. All the 
facts of gravitation can be described or expressed without any reference to a 
medium. In like manner it would appear so far as terrestrial phenomena go that 
the facts of light transmission can be so described, in which case the necessity of an 
ether for conveying light is again purely metaphysical. We may say that a 
luminous body A causes a disturbance at P in its neighbourhood ; the disturbance 
is properly represented by a vector at right angles to the line joining A to P, and 

its amount is ^ where t is the time, r the distance AP, and V a velo- 

city. Aberration is expressed by saying that if A be in motion relative to P, in a 
direction at right angles to AP, the disturbance experienced at P is the same as 
that which would be produced by a similar luminous body at A' at rest relative to 

P, where ^velocity ot A direction of motion of A. There 

AP V 

is here no mention at all of a medium, but a complete account is given of the 
cardinal optical phenomena. 

This mode of expressing the facts, however, fails to cover the phenomena of 
spectroscopic double stars. The periodic doubling of lines in their spectra shows 
tlxese stars (apparently single as seen in a telescope) to consist of two components 
moving one about the other with an orbital velocity which can be computed from 
the displacement of the lines. When the two components are in the line joining 
the star to the earth, there is no doubling of the liiu^s, but one component is 
moving to the right and the other to the left with this orbital velocity. Now 
according to the above-stated expression for aberration, or any expression which 
only involves the motion of source and receiver relative to each other, the two 
components should, when in the line of .sight, bo aT)pTr-'ntly separated owing to 
the difference of their motions relative to the earth. The angular amount of the 

- , , . , , twice orbital velocity 

separation of the two components would be equal to . ' an 

velocity of light 

amount sufficient in some cases to be visible to the naked eye. The star would in 
fact appear periodically to be double, the doubling occurring alternately with the 
displacement of the lines in the spectroscope. Since no such doubling takes place 
we infer either that aberration cannot be completely expressed in terms of 
relative motion of source and receiver, or that the accepted theory of these stars 
is wrong. The former alternative, which seems the more probable, forces one to 
recognise a something other than matter to which the motion of matter can be 
referred. In fact, it may almost bo said that in this way the etlier is made 
manifest to our senses as having position. This reason for postulating an ether 
differs in kind from the metaphysical reasons usually advanced; it may be 
described as furnishing a logical necessity for an ether. 


7. On the Change of Conductivity of Metallic Particles under Cyclic 
Electro -motive Variation. Jhj Professor Jagadis Chuxdkr Bose, 
M.A., P.Sc. 

(1) Under the action of electric radiation the conductivity of metallic par- 
ticles exhibits variation. In the positive class, like iron, there is an increase, 
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and in the negative, like K, &c., a diminution of conductivity. Each clasft 
again falls into two suh-classes — (a) sensitive substances which undergo self- 
recovery, and (6) sensitive substances which do not. In the case of self-recovering 
substances the conductivity distortion varies witli the intensity of radiation. 
Und('r the continued action of radiation the divStortion attains a maximum, 
balanced by force of restitution, and on the cessation of radiation there is an 
elastic self-recovery. 

(2) The three classes of substances, positive, negative, and neutral, may be 
distinguished by their peculiar characteristic curves. 

(3) The change produced in the sensitive substance by the action of radiation 
is not, normally speaking, chemical. 

(4) The conductivity change is produced, not only by very rapid, but also by 
comparatively slow electric variation. Generally speaking, rill the conductivity 
variation effects produced by electric radiation can he reproduced by compara- 
tively slow cyclic electro-motive variation. 

(5) Electric conduction in metallic particles sensitive to electric radiation does 
not obey Ohm’s law. The conductivity is not constant and independent of the 
electro-motive force, but varies with it. In the positive class the characteristic 
curve — in which the ordinates represent the currents, and the abscissm the 
electro -motive force — is concave to the axis of the cun*ent. The conductivity 
increases continwjushf with increasing electro-motive force. The variation of 
conductivity in the lower portion of the curve is small, but increases with great 
rapidity in the upper portion. 

(6) The curve obtained with strong is steeper than that with feeble initial 
current. 

(7) There is found, (^specially when the initial current is feeble, a critical 
(ilectro-motive force, at which the conductivity change becomes so rapid as to 
produce an almost abrupt bend in the curve. Stronger initial current appears, 
not only to lower the critical point, but also to mitigate the abruptness of this 
change. 

(8) The effect of electro-motive force in modifying the conductivity of the 
conducting layer is well seen in self-recoveritig substances. There is a definite 
conductivity corresponding to a definite electro-motive force. As the electro- 
motive force is increased, the sensitive molecular layer is strained, and a definite 
increase of conductivity produced. When the increased stress is removed the 
corresponding strain also disappears, and there is an elastic recovery of its former 
molecular and conductive state. Hence when it is carried through a complete 
cycle of electro-motive variation, with moderate speed, the forward and return 
curves coincide, and the substance remains, at the end of the cycle, in its original 
molecular condition. 

(9) This is the case where there is complete recovery on the removal of the 

stress. With e ■»■ :i; „ substances we find an outstanding residual effect. 

In n curve taii-u v. i:i. c\, lir electro-motive variation the forward and return 
curves do not coincide, but enclose an area. Then» is a hysteresis. The larger 
the range of the electro-motive variation, the greater is the area enclosed. 
There is a residual conductivity variation at the end of the cycle which may be 
dissipated by vibration. 


FRIDAY, SEPTFMBm 13. 

Department II. — Astronomy. 

Chairman: Professor H. II. Turner, 

The Chairman delivered tlie following Address: — 

It was hoped, as you are doubtless all aware, that tliis Chair would he taken 
by the Astronomer Royal for Scotland, Dr. Copeland ; but unfortunately, illness 
has prevented him coming to the Meeting, lu doing what I can to fill his place 

N N 2 
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at very short notice, T shall not attempt, nor would you expect, a formal address 
such as we hoped to hear from him ; out I will venture to put before you one 
or two reflections on a topic which has been much before my attention during the 
last few years because directly connected with my own work, and which has a 
special interest for us from the allusions made to it yesterday morning by the 
President of our Section, viz., the question of scientific co-operation. It is a 
matter of considerable importance to astronomers, who have to deal with 
numerous observations and calculations ; indeed, the millions and billions which 
express the distances, sizes, or ages of the heavenly bodies, and which are used 
to such good purpose by some lecturers for startling the imaginations of their 
audiences, scarcely surpass the numbers which must be used to express the work 
to be done by an astronomer. The enterprise on which we are engaged at the 
Oxford University Observatory at the present moment is the measurement of a 
quarter of a million star-places, which will take us about seven years ; and we 
are only one of eighteen observatories co-operating in a scheme of work. The 
product of eighteen by a quarter of a million does not bring us near the 
billions; but if we are minded to produce big numbers we might remember 
that in the determination of each individual star-place a good many figures 
are required. At Oxford we try to keep the number to the irreducible minimum, 
but it certainly exceeds thirty even there ; while at other observatories it 
reaches 800 or 400. Thus we can with ease secure a creditable position in the 
thousands of millions in respect of this one piece of work, and the lapse of a century 
or two is all that is necessary to produce billions of figures in the ordinary course 
of astronomical observation. It is clear that in such work co-operation is an all- 
important factor, and the study of the best means for securing it and for using it 
when secured may well claim a share of our attention. 

I may pause for a moment to consider the possibility that our experience may 
be of value to the devotees of other sciences. ^ Other sciences,’ said Major Mac- 
Mahon yesteixiay, * are not so favourably circumstanced as is Astronomy for work 
of a similar kind undertaken in a similar spirit.’ But what may bo truti to-day 
may not be true to-morrow. It was not astronomers, but mathematicians, who 
first showed the value of a certain kind of co-operation. Major MacMahon 
reminded us that the Spitalfields weavers founded a mathematical society in 1717, 
and thus anticipated by more than a century the formation of tlie Astronomical 
Society in 1821, which ultimately absorbed its prototype. Possibly in the future 
mathematicians will find the need of co-operation of this other kind, which consists 
in sharing a great piece of work among several workers for the sake of comfort and 
rapidity, and so may profit by our example, as we formerly profited by that of 
the Spitalfields weavers. And there are indications that in another science, 
that of Zoology, the time may be close at hand when co-operation between 
workers, of a type very similar to that in full swing in Astronomy, will be a 
boon, if not a necessity. Professor Karl Pearson, Professor Weldon, and others 
are introducing into zoology numerical operations on a large scale, which 
promise further and further increase; and they would no doubt be ready to 
indicate even now enterprises of a valuable kind which they are only deterred 
from undertaking by their magnitude, and which a suitable scheme of co-operation 
might bring within the range of practical politics. 1 lence we should look to our 
methods of work in Astronomy with the responsibility attaching to those who are 
leading where others may follow ; and above all things take care to make clear 
any mistakes we have made, so that others may perhaps profit by our experience. 

If it seems invidious thus to emphasise our mistakes, I would remind you that 
astronomical co-operation has not always been successful ; indeed, it lias very 
often ended in failure. I do not mean simply failure to attain its obj('ct. The 
band of astronomers who divided the sky between them at the end of the eighteenth 
century to look for a minor planet met with this kind of failure, for the first dis- 
covery fell by the irony of Fate to another, who vjas not engaged in any special 
search of the kind. This unlucky accident must not, however, make us forget that 
the co-operators worked diligently side by side for several years. Failure of a 
more real kind has overtaken enterprises to chart the stars or to map the Moon, 
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'vVhich have proceeded very little further than the preliminary organisation. Some 
workers have dropped out early in the history of the scheme, some have not even 
started, and the blanks have not been filled up ; sooner or later — generally sooner — 
the scheme has been abandoned. The curious may read of some of these schemes in 
back numbers of the ^ Monthly Notices,’ though some of them never got into print, 
and are only to be traced in tlie Minutes of the Royal Astronomical Society. And 
yet of many of them, if not all, it may safely be said that a little more energy on the 
part of Homebody would have produced an assured success ; somebody to see that 
the gaps were filled up, and dilatory workers hastened or superseded ; somebody to 
be a sort of foreman of the works. It does not seem unlikely that this general 
supervision is best performed by one not actually engaged in the work himself — a 
man of affairs. One of our great London schoolmasters declares that a nominally 
idle man should be at the head of all enterprises ; that he never knew any good 
come of any work where there was not ‘ a man with his hands in his pockets 
looking after it.’ We have scarcely found this to be a necessity in Astronomy ; 
for the men who have looked after the eighteen observatories, taking part in the 
Astrographic Chart, have been Directors of the Paris Observatory — men with many 
things to claim their attention. To the individual energy of the late Admiral 
Mouchez and his successors the work owes a great deal. It fell to their lot to 
overcome the difficulties I have indicated ; to undertake the voluminous corre- 
spondence necessary at the start ; and to fill up gaps in the ranks of workers. 
Last July it was found that of the eighteen observatories which had promised to 
take part, three liad made no start ; and 31. Lcewy forthwith superseded them and 
found three others. Thus the risk of iucompleteness has been removed ; and we may 
hope that one danger which threatens such schemes has been successfully averted. 

But the removal of this danger draws our attention immediately to another — 
that of taking far too long in finishing the work. The project for making the 
(Jhart was originally discussed fourteen years ago, in 1887 ; and it was urged by 
many of thosR then present that a reasonable time, say ten years, should be fixed 
for the completion of the whole. In spite of the representations of this prudent 
minority, the programme was made an ambitious instead of a modest one, and 
some stretching has been done since, with the result that after fourteen years only 
one or two observatories are within sight of the goal, the majority seeing from ten 
to twenty years’ work ahead of them ; and, as above remarked, there are three 
which liave not yet started. With this experience we may well ask whether the 
limit proposed even by the prudent minority w^as not too high; and whether it 
would not bo well to fix five years as a limit to any scheme of co-operation which 
is as vet on paper only. 

Tile danger of atiem])tiug too much illustrated in a somewhat different way 
by the Eros campaign. It will be clear from what has been already said that 
the eighteen observatories responsible for the (’hart have their hands quite full; 
and now comes a special occasion an opportunity that will not occur again for 
thirty years — to determine the Solar parallax. Last winter the newly-discovered 
planet Eros was known to be coming close to us, and we had an occasion of more 
value than the 'Iransits of Venus. What were the eighteen observatories to do ? 
’Ihey could not at any rate refuse to take photographs, and this has been done ; 
even this meant a great deal of additional work for some people for a few months ; 
but it is a mere trith' compared with the work that is still to come in measuring 
and reducing the plates, which will be a sensible fraction of the work already 
projected for the Chart. Which is to be done first ? Prudence suggests 
finishing one enterprise before beginning another, putting aside the Eros plates 
until the Chart work is linislu'd. On the other hand there are thirty other observa- 
tories sharing the Eros work with the original eighteen, and they will be more or 
less impatient for our results. In this dilemma some rather unsatisfactory 
compromise will no doubt be adopted, but we may heave another sigh that the 
advice of the prudent minority in 1887 was not taken, for in that case notone 
or two but many of the eighteen observatories might have completed the Chart 
work before Eros came. 

I now pass to a difiereiit kind of danger to which co-operation renders us 
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liable. To secure homogeneity in the work it is necessaty to bind the associating 
individuals by certain rules, and we run some risk of checking that originality 
which is almost vital in scientific work. There is scarcely any scientific operation 
so mechanical that it may be safely loft in entire charge of those without originality 
and the liberty to use it. Quite recently a scheme of co-operation has been 
adopted in the preparation of the nautical almanacs of the diflerent nations. It 
is thought that certain calculations to be performed are so well settled that inde- 
pendent calculation is a needless waste of labour, and thus certain sections of, say, 
the American Nautical Almanac and our own will be henceforth identically the 
same, printed from the same manuscript computations. I cannot but regard the 
project with some alarm. The risks against which we are guarded by independent 
computation may be small, but I cannot believe them to be evanescent, and I 
attach some value to the healthy stimulus of comparison (or we may perhaps say 
competition) even for nautical almanacs. Differences revealed by such com- 
parisons in the past have often been traced to causes which were by no means 
obvious or unworthy of attention. 

But without laying too much stress on this case, which is obviously an 
extreme one, we can, I think, w^ell understand how the taking part in a co-operative 
scheme may lower the tone of scientific work. There is a very real possibility of 
replacing the alert spirit of investigation by a mere mechanical regularity ; nay, 
even of making one who should he an nstronoiner into a mere drudge. This has 
at times been the declared method of great astronomers with their subordinates ; 
they have professed themselves quite able to do all the thinking required, and 
looked for the help, not of intelligent assistants, but of mere drudges. This was 
Pond’s view, and more or leas that of Airy in his early years at Greenwich ; and I 
need not stop to point out the errors into which it led them, and from wdiich we 
are still strng-jrlir.g to free ourselves. There are, I am happy to think, few who 
would now deliberately advocate it, and Ave need not waste words in trying t<» 
convince these. But if we acknowdedge the crushing out of intelligent independ- 
ence in subordinates to be a mistake, how much greater is the evil if it spreads 
through the whole staff of an observatory, including the Director himself And this 
is at least a possible result of co-operation. We can only too easily imagine a 
scheme of work in which the rules are laid down so completely and so stringently 
by the central body that nothing is left to tlie initintiv(' or originality 
of the individual observatories; and the Director of sticli a one might find 
himself with nothing to do but see that the rules were adliered to. If the 
work were at the same time planned to extend over a period of ten or 
twenty years, as is quite possible in Astronomy, we can well understand 
that his efficiency as an intelligent scientific worker might become 
seriously affected. We must not sliut oiir eyes to this danger. Astronomical 
work is terribly liable to settle down into routine as we all know ; and the exist- 
ence of so many small observatories where nothing is done beyond routine 
observations with the transit circle is not a credit to us. It is reassuring to find 
that many of them are ready to use opportunities which present themselves. 
For instance, when the Eros work was planned, fifty observatories responded to 
the call for volunteers. But is there not even here another point of view ? 
What were all these observatories doing before, that they are abb so readily to 
take up a new project ? Some of them we know had enough on hand already, 
and only added the Eros work with reluctance; hut it is to be feared that others 
hailed it as a welcome opportunity to do something of some use, not having been 
able to think of anything lor themselves. This thinking of what one’s work is to 
he is, of course, the hardest part of re-e;!! < I: d--\ something to do that shall 
be a real step in advance. Some fortunate men find it comparatively simple, but 
to the majority it is a labour and toil, and only tlirough much tribulation do they 
enter their kingdom — their own domain in which they recognise their own true 
work. It is much easier for such to turn aside and follow some king who has 
come to his crown more easily ; to take a share in a great piece of work organised 
by some master-mind. But is not this a serious loss to them and to science ? 
May not schemes of co-operation kill the originality of the humbler workers by 
removing the incentive to independent thought ? 
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Here, however, I end, for the present at any rate, my list of the risks and 
danpfers which co-operation brings in its train. It is time to turn to the other and 
brighter side of the matter ; for there is a brighter side, which presents itself, 
as it should to experimental philosophers, when we come to practical working 
AS opposed to forecasting ; and it is because the great scheme of the Astrographic 
Chart illustrates vividly both the dark side and the bright, both the possible evils 
of such schemes and the actual benefits which may replace them under certain 
circumstances, that 1 have ventured to select it so often for reference in these 
remarks. We have seen how it has escaped the premature decease which has 
befallen other such schemes, owing in great measure to the energy of the central 
authority. The mistake of attempting too much is unfortunatSy now irreme- 
diable in this particular case ; but it may serve as a warning on future occasions. 
It remains to show how the danger of crippling individuality has been averted in 
an unexpected, almost a comical, manner. 

At the outset this danger was distinctly threatening. At the earlier confer- 
ences there was manifest anxiety, chieH y on the part of those who were not going 
to do the work, to bind down tlic worker^ rather stringently by rubs of procedure. 
The anxiety seemed to he intensified rather than diminished by the circumstance 
that it was not very clear what these rules ought to he. Where several courses 
were open, each found its cliampion, and the discu&siou was perhaps most 
animated in the cases where the teaching of actual experience was least 
available. On several occasions a decision was only arrived at by an expedient 
which seems to be familiar in Continental meetings, but is little known in 
England ; perhaps it deserves n wider recognition. When formal discussion 
waxes warm, the President declares the meeting dissolved, for ten minutes 
of informal conversation. Tlie meeting forthwith breaks up into animated 
knots of eager talkers; opponents who have been addressing one another 
with the meeting between them ru.‘>'h across the room to each other and put their 
points with njiiewcd emphasis and unfeltenul gesture, and for ten minutes there 
is apparent confusion and some noise. Ihit when the President’s hell again rings, 
the effect of the outburst is manifested in a restoration of sobriety and the passing 
of a resolution : and so the number of resolutions mounts up, and by the end of the 
Conference a respeetahle list of them ia ready for the printer ; a list quite long 
enough to quench any spark of originality in the individuals taking part in the 
work. Hut now comes the unforeseen feature of the enterprise. The participating 
workers go citf to their observatories with a copy of these rules in their pockets, 
and do not observt' them. Such us they find convenient they adhere to closely ; 
hut when they fiml by experience that a rule will not work, they do not hesitate 
to prefer their experience, good and faithful experimental philosophers should. 
And their individual experiences wen' by no means similar, so that the sheet of 
rules was torn across in all sorts of directions ; the original copy would be now 
barely recognisable by those who subscribed to it. 

But then is anything left ? Is not this the practical failure of the scheme ? 
Oil the contrary it was its salvation. The diversity of experience was not funda- 
mental, hut to a great extent apparent only. The rules which wore broken were 
those which experience proved non-essential, and which ought never to have been 
made ; and when those who had actually carried out a considerable portion of the 
work mtit last year, they found that they had arrived at practically the same con- 
clusions by a diversity of routes. It was inevitable that they should, rules or no 
rules, if they went to work honestly and perseveringly ; and if some went a longer 
way and some a shorter to the same goal this was, after all, an unimportant 
matter beside the fact that they all arrived at last. Had they not thrown ofi* 
the needless constraints they might never have arrived at all. 

The reality of this happy consummation was illustrated by two minor inci- 
dents, which 1 will mention. At this last (’ouference several points were brought 
up for discussion which had not been previously considered. Quided by expe- 
rience, no attempt was made in general to frame new rules of procedure : the 
object was tacitly assumed to be that the different workers should compare notes 
for their own guidance. But there were some present, especially among those not 
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participating in the work, who had not profited by the lessons of the past ; and one of 
them read out a rather elaborate resolution for deciding one of the points in question 
on a uniform plan. It was just such a resolution as would have led to an excited 
debate at the earlier Conferences and ultimately to a cut-and-dried rule. It was 
now received in embarrassed silence. Then one who had gauged the opinion of 
the meeting more adequately rose to point out how retrogressive it was. With 
the utmost courtesy to his colleague and in the most genial manner he pointed out 
that such a resolution was both dangerous and useless, and was better let alone, 
which was accordingly done. 

Again, one of the co-operating directors rose to ask for guidance on a doubtful 
point. There were certain plates which might or might not be considered pro- 
perly falling to his share, according to the definition of his boundary. In this case 
individual opinion was deliberately subordinated to the decision of the meeting. 
Would the meeting please decide the point? Surely here the meeting might give 
a decision without danger. But the meeting had been humbled, and was no longer 
in the mood to give decisions. Proposals to direct the questioner to take the 
doubtful plates, to recommend him to do it, and to encourage him to do it, were 
successively considered and rejected as being too dictatorial ; and it was finally 
decided that the meeting would not forbid him to take the extra plates if he so 
wished ! 

But the comedy of this result has a very serious significance. We may heartily 
congratulate ourselves that the time is not yet come when astronomers are pre- 
pared to lose their individuality in a co-operative scheme of work ; and still more 
that such schemes can be found where such loss of individuality is unnecessary. 
May it not be said that something very similar has been realised in the case of the 
other scheme of co-operation referred to by the President of the Association 
yesterday, the scheme for a Catalogue of Scientific Literature ? The original 
proposals were of a kind which left too little scope for the individuality of the 
different sciences. Fortunately the mistake was rectified promptly, and the present 
plan leaves much more to individual judgment. Some such compromise would 
seem to be essential (if we are not generalising too hastily) to the success of 
co-operative enterprises in science. We must, above all things, take care not to 
crush individuality. I would even go so far as to say that so much of the element 
of competition as can be preserved without endangering uniformity in essentials 
should be diligently cultivated. Add that the original scheme should be as modest 
AS possible, and that an energetic man should be put in a position to wake up the 
dilatory and to ensure that the pace, which is necessarily that of the slowest, be 
not funereal, and I venture to think tliat we may eliminate failure from co- operative 
scientific enterprises. 

The following Papers were read : 

1 . On the Possibility of Systematic Error in Ph(^t*nirnp1is of a Moving 
Object, By A. K. Hinks, M,A. 

An iipnori objection to the method of obtaining the position of a planet from 
photographs is the alleged possibility of systematic error due to the fact that the 
images either of the stars or the planet must be short trails, and the ends of 
these trails may not be symmetrical with respect to the mean epoch of 
exposure. In photographing Eros at Cambridge last winter for tlie determination 
of the solar parallax the exposures were made following alternately the stars and 
the planet. A comparison of the two series will not show the existence of a 
systematic error constant for stars of all magnitude's, but it would show an 
error which was a function of the magnitude. Forty exposures eacli of eighteen 
selected stars have been measured, and show no trace of such an error. The 
author concludes, from the absence of a differential effect btdweeii stars of 
different magnitudes, that the absolute systematic error due to trail is probably 
insensible. 
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2. Tli>e Essentials of a Machine for the Accurate Measurement of Celestial 
Photographs. By A. R. Hinks, M.A. 

It is now within the power of amateur astronomers to do work of the highest 
value by measuring photographs made by the existing telescopes of the public 
observatories in such numbers that they cannot all be measured and discussed at 
the observatories themselves. When this is more fully realised there will be some 
demand for a suitable measuring machine at a not extravagant price. The author 
attempts to define the essentials of the simplest machine which will do work of 
the highest accuracy. 

The fnochino shall measure one coordinate at a time on plates impressed with 
a standard 5 mm. rdseau. 

To ensure that the error in the measure due to tlie machine and the observer 
shall not be a large part of the whole error, the machine must read to (J OOOl of a 
rtSseau interval K. 

The object glass of the microscope should project the image of a ll-square with 
magnification unity on to a divided glass scale in the eyepiece, to divide it into 
one hundred parts. This scale should have the spaces numbered, not the divisions, 
ll-lines and star discs are then referred to the centre of the scale space nearest 
each by a micrometer screw, which may be applied (1) to the plate carriage, (2) to 
the scale, (3) to the objective. The last has not been done*, but it promises the 
advantage over the others that it brings the micrometer head at a convenient 
distance from the eye ; and since tlie range of motion required is small (0*5 mm. 
is ample) the objective could be carried in the centre of an arm pivoted at one end 
and pressed against the screw at the other, which w*ould be simple to make. 

The objective must give a flat field over at least 5 mm. The tube carrying 
the eyepiece and scale must have a focussing movement, preferably independent of 
the <'b;ec!i\i'. which should have a email independent range of ■i'" ‘ ** * 

mak-ih- II-' ■ tit the scale and reduce errors of run. This do* ■ * * 
the f(MJUd if the objective is midway between plate and scale. 

The plate carriage must move on two rectangular slides, which need not be 
really true. It may be moved by hand, hut a quick rack and pinion motion is 
much better. Clamps are not necessary if the carriage is counterpoised. Rough 
setting scales with adjustahlo pointers are necessary. The plate should be 
brought up by springs under thre** studs, and an orientating screw at one corner 
is required. 

Luiform illumination is given by a simple convex lens below the plate and a 
concave mirror. It is most important that tlie observer should be shieldt*d from 
direct light by black curtains and screens, that he may be able to keep both eyes 
open. 

The essentials are : (1) objective giving a fiat field, and (2) divided scale in 
the eyepiece, good optical work ; (3) micrometer screw motion to sulxiivide the 
scale spaces, the only part whicli wants really good mechanical vvork ; (4) simple 
focussing movement ; and (5) orientating screw* for the plate. 

Semi-essentials, which quickly pay for themselves in time saved and fatigue 
avoided, are : — 

(0) The adjustment of objective independent of microscope tube by a divided 
head ; (7) rack and pinion motion for the plate carriage ; (S) lens and concave 
mirror illumination ; (0) light screens. 

For a dlscu8si»m ot most or these points reference is made to a paper by the 
author, * Monthly Notices of the Royal Astronomical Society,’ 1901 May. 


3. Note on the Bingkep Commutator. By David P. Todd. 

At last year’s meeting of the Association I described the Tripoli commutator, 
a mechanical device which I employed at that station on ^lay 28, 1900, for 
operating the eclipse instruments automatically. The fortunate accident of 
locating the instruments on the roof or terrace of the British Consulate made it 
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possible to drive the cords from the commutator barrel by gravity. The method 
could not be conveniently used except under like circumstances of elevation. 

To operate the instruments at Singkep, Netherlands Indies, was a very different 
problem, and led to the devising of two improvements in this type of mechanical 
commutator which make it universally adaptable to the needs of noth astronomers 
and physicists : — 

{a) Instead of a single barrel or drum I used as many drums as there were 
instruments to be operated. Each drum was provided with a collar and set-screw, 
so that the process of adjusting one instrument and its automatic movements did 
not disturb the adjustments of others already made. 

(6) Instead of gravity as a power to turn the drums, they were tunied by 
hand, timed accurately to the motion of a pendulum ; and the commutator cords, 
after unwinding from the several drums and doing their work in tripping the 
escapements, were returned over pulleys, each to its individual drum, where they 
wound up on one side just as fast as they unreeled from the other. This simple 
arrangement easily gave accommodation for the 80 feet of cord required by the 
Cm. 20s. duration of totality. 

4. The Drift in Longitude of Groups of Faculie on the SmCs Surface, 
By Ike Rev. A. L. Coutik, S,J,^ F,K,A,S. 

From a discussion of the Potsdam idiotographs for tlie year li<84, Wilsing con- 
cluded that faciilse did not show the drift in longitude with decrease in latitude 
exliibited by sun-spots. An opposite conclusion was derived from plates covering 
the period 1891-94 at Pulkowa, by Statonoff. On these plates no facula was 
followed for more than three days, and the measures were made on selected points 
in the faculous groups. From the study of selected groups of facula) in the year 
1889, Father Sidgreaves showed that groups considered ns a whole during long 
periods of time drifted with the spots. The present pai)er is supplementary to 
that of Father S! I..:- ■ ■ ■, and while j the same ground, gives a more 

detailed discussion of the observations. Jiloreover, it is illustrated by diagrams 
which show the drift in a very convincing way. Tlie periods of time during which 
the faculoB were followed ranged from 19 to 120 days. The year 1889 was 
selected as being a minimum year of solar activity, and thert'fore prcHMiting less 
diiliculty for the identitication and following of the several groups of faculm than 
in a maximum year. Moreover, to make identiftcatioii certain, of 121 groups 
drawn and measured during that year, all biit thirteen were excluded. Thest) 
latter groups were all connected with sun-spots, and passed llirough the various 
phases of growth which characterise such groups. In the study of the drift, 
Carrington’s method, set forth in his * Oliserx ations of Solar Spots,* was exactly 
followed. A centre of each group was chosen which npp(‘nred to give the most 
trustworthy result for diurnal motion. Rut every member of each group bad pre- 
viously been put down in its true heliographic position on a sot of charts, one to 
each solar rotation. The positions were determined from the original drawings by 
means of a series of accurate heliographic projections. The Table gives the 
results from the measurements. 
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The Table shows that, at least in the cases discussed, there is a real drift in 
longitude with reduction of latitude. Tliis is especially noticeable in the cases 
between — 26® and — 8®. The diagrams in which the faculae are set down in position 
at successive periods show the drift in a most striking and convincing manner. 
An apparent lagging of faculaj behind the leading spot of a group is accounted 
for by the disappearance of the following members of the spot groups, and not by 
a retrograde drift of the facuLt. 

5. Oil an Exceptional Cane in tlie detennincUion of the Comtantn of a 

Photographic Plate from knoitm Starn, By Professor H. il. Tuknkk, 

j\rA 

At the Uiiisersity Observatory, Oxford, the places of stars on about 800 
photographic plates, each 2® x 2®, have already been measured ; the whole number 
of plates to be measured as the share of this observatory in the International 
Astrographic Survey being 1,180. Mach plate contains on an average alxjut 050 
Stans, hut the number varies considerably (from 100 to 2,000). Of these a certain 
number (from 10 to ilO per cent.) have already been observed on the meridian, so 
that their places are known ; and from tliese known places the ‘ plate constants ^ 
are determined (scale value, orientation, v^c.), so that the places of the remaining 
stars in the sky can Ixi inferred from the measures of the plate. The con.staiits 
are, found by two sets of linear equations, one set from measures of the x 
coordinates, another from //: and the correctness of the solution is checked («) by 
the agreement of the r< ‘suits from the twf» sets, which are solved independently; 
(A) by the accordance of the residuals for the known stars with those found from 
other plates. 

The equations are solved, not by the method of least squares, but by a 
process in many ways equivalent to it. To avoid the hea\y work of squaring and 
inuUi])lying numerous co(‘l!icients, the stars are grouped so that by mere addition 
we can form three equations ])reseutiiig the chief features of the nonual equations 
which arise in the work by least sjuares, viz., that the coefficient of each 
unknown quantity should b(* relatively large in one equation. In almost all cases 
hitherto this process, wliicli is coui]>aratively simple and expeditious has been 
found quite sati^factory. 

.V ]ikle with centre VV' O'", + 27®, taken on 1800 May 5, presents a curious 
exce])tion. Tlicre are only til'teen Mniown’ stars on it, and these are so arranged 
(all near the line .r-- //) that the usual method - faiU'd to give a solution 

at all. .V deliberate regrouping was then ■ -a ■ special attention to the 
characteristics of the plate, hut the solution obtained was unsatisfactory when 
judged by eitlier of the eviterions (f?) and (b) above meutioned. 

The machinery of * least squares’ wao then set in motion, with the result that a 
satisfactory solution was obtained. It seems worthy of note that this machinery 
does practically give satisfactory rt'sults in cases where simpler methods fail. 
This instance is of somi* imjiortance as representing an extreme case out of SOO 
tried. 


(). On the Position of a Planet beyond Nepttmt*, By G. FoiUJi:^, b\R,S» 


SATURDAY, SKVTRMRKR It. 

The Section ^^Ms divided into two Departments. 

Dkpautmknt I. — AIathkmatics. 

A joint Discussion with Section L on the Teaching of Mathematics^ opemd 
by Professor John Pkrry, F,R,S. 
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Department II. — Physics. 

The following Report and Papers were read : — 

1. Report on Radiation in a Magnetic Field . — See Reports, p. 39. 


2. Note on a Method of determining Specific Heats of Metals at Loio 
Temperatnres. By T. G. Bedford, J/.^L, and C. F. Green, M.A. 

The specific heats of solids at temperatures below 0° (h have hitherto generally 
been determined by an obvious slight modification of the method of mixtures as 
generally used for temperatures between 0° and 100° 

It was suggested to us by Mr. E. II. Griffiths that better results miglit be 
obtained by adopting a method which can be regarded as anjilogous with one 
wdiich has already been used with success for the 0° 0. to 100° C. range, viz., that 
of Joly’s steam calorimeter. Tlie metal, whose specific heat is required, having 
been previously weighed in water kept at 0° C., is cooled to a low temperature and 
then again immersed in the ice-cold w^ater. The metal, with the coating of ice 
thus formed on it, is again weighed in the Avater. From the difference in the two 
weights the mass of ice formed is calculated, the density of ice being knowm, and 
thence the specific heat of the metal is obtained in terms of the latent heat of 
ice. 

The experiments have been merely of a preliminary cliaracter, but they have 
served to suggest the following as an appropriate form of apparatus. 

The metal to be ii:\ e«.f ij-Ml* d should be enclosed in a cylindrical box, and 
experiments performed first with the box empty and then when it contains the 
metal. Then if the walls of the box be of sufficient thiclcness, this diflerential 
method w^ould eliminate to a great extent corrections for the suspension wire, 
for the gain of heat by the metal and the deposition of hoar-frost upon it during its 
transit through the air, &c. The essential feature of such a box is that its volume 
should not be altered by opening and closing it. 

The ‘cooler’ used by us consisted of three coaxial cylinders. The metal 
experimented upon was suspended in the inner of the three chambers thus formed, 
the middle chamber contained the cooling agent and the outer chamber formed an 
air-jacket. 

It appeared that the lx?st method of determining the temperature of the box 
would be to bring it into direct metallic connexion with the thick walla of the 
inner part of the cooler and to insert a platinum resistance thermometer in the 
walls. 

In the method briefly sketched above, the accurate determination of the rise in 
temperature of the water in a calorimeter in ox])eriments by the method of 
mixtures is replaced by two weighings. These weighings must, however, be 
performed with great accuracy, since the difference in the observed w’eights caused 
by the formation of ice is only difb of the weight of ice formed. 

The chief difficulties of the method are : — 

(1) Uncertainty as to the density of the ice owing to the presence of air in the 
water. 

(2) The fact that the water cannot he stirred during the process of weighing, 
and that therefore its temperature begins to rise above 0° V. and the ice gradually 
melts. 


3. A Nev) Gauge for Small Pressures. 

By Professor Edward W Moiclky and Charles F. Brush. 

The paper describes two forms of gauge for the measurement of small pressures 
of a gas. It was especially devised in order to measure the prevssure of aqueous 
vapour. For this purpose McLeod’s gauge cannot easily be employed, owing 
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chiedy to the fact that the amount of absorption by the walls of the gauge 
changes slowly when the volume of the vapour is changed by the compression 
utilised in that instrument. 

In both forms of our gauges, a mercurial siphon gauge, having tubes of five 
centimetres diameter, is mounted on an instrument like a level-trier, and differ- 
ences of level in the two sides arf.* measured by determining (he inclination of the 
whole gauge which is required to bring the two surfaces to coincide with two 
fiducial points in the axes of the two arms of the gaiiofe. From the measured 
inclination, together with the known linear distance of the two fiducial points, is 
computed the difference of level of the two surfaces of mercury. 

This principle (due to M.) has been carried out in ( wo ways. In the first, the 
sijihon gauge is carried on a kind of bridge, supported at one end by two points 
which rest on a horizontal plate on a solid pier ; and, at the other, by the point of 
a micrometer screw, which itself rests on the same horizontal plate. " In the axes 
of the two limbs of this gauge are two platinum points, at the same level. The 
amount of mercury in the gauge can be changed by a fine adjustment. 

When the pressures in the two arms of the gauge are the same, we det(»rmino 
the zero reading. The amount of mercury in the gauge is altered till one fiducial 
point barely touches the mercury, while the other creates a depression. Then the 
inclination of the bridgt‘ is changed till the two depressions become equal. Mer- 
cury is now removed from the gauge, when one depre.ssion will commonly disap- 
pear before the other. The adjustmtmt is re])eated till both depressions disappear 
together, or till both are apparently equal when made ns small as can he seen. The 
reading of the niicrometer screw now is the zero reading, and marks when the two 
points are in the same horizontal plane. 

If now th(‘ pressures in the two parts of the gauge become unequal, their 
difference can be measured by determining what new inclination must be given 
to the bridge and gauge in order to bring the two fiducial points into coincidence 
with the mercury surfaces again. Knowing the linear distance between the 
fiducial point. s, we can compute their difference of level in their new position, and 
so measure the ditlerence ot pressure between the two sides of the gauge. 

No optical appliances are needed in the use of this form of gauge. The ob- 
server, moving hi.s eye up and down, cause.s the image of a window bar to move 
across the depression in the mercury made by the fiducial points. From the ap- 
pearance of this image, he can, even without the aid of a magnifying glass, equalise 
the depression.s with a mean error less than the five-thousandth part of a milli- 
metre ; after some practice, of course. JUit an observation requires two, three, or 
four minutes. 

We have therefore constructed two gauges of a second form, employing the 
same general principle, but also utilising an optical appliance (due to il.) by which 
a reading is made as speedily as is an ordinary micrometric reading, while the 
accuracy attained is even increavsed. Between the two arms of the siphon gauge 
with its wide tubes is placed a pair of mirrors, so adjusted that the two fiducial 
points, as well as the two images of the.se in the mercury, are seen side by side in 
the field of a microscope carried on the apparatus and moving with tlio tubes and 
mirrors. The surface of the mercury is not seen; tlic two pairs of images of the 
points, one Ixslonging to tlie right arm of tin* gauge, and one to the left, are par- 
tially superposed, so that the extreme ends of the points are perhaps a tenth of a 
millimetre apart. If now the two real points are equidistant from the surfaces of 
the mercury, the two pairs of images Avill seem equidistant ; if not, the inclination 
of the whole system of gauge, mirrors, and microscope is changed till the distance 
between the left-liand pair seems equal to that Ix'twetui the right-hand pair. This 
is as easy ns the bisection of a point with the wire of a micrometer. 

MenclelthT found it necessary to grind and polish the external and internal sur- 
faces of the glass tubes of Ins gauges, iu order to eliminate errors due to irregular 
refraction through irregular surfaces. In our ap]>aratus the points of the tube 
through which the fiducial points are viewed are always rigorously the same. We 
therefore need only to secure an area in each lube through which we can ^et suffi- 
ciently good definition ; it is easy to select such an area in the tube which is about 
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to be worked at the lamp, and then to secure that the selected area shall occupy 
the desired position in the completed apparatus. 

To secure precision many precautions were taken. The construction and 
mounting of the instrument is much like that of an astronomical in.strument. A 
massive cast-iron standard, designed so as not to be distorted by changes of tem- 
perature, rests on an isolated stone pier; on it, moving on trunnions in V-shaped 
supports like those of a transit instrument, is carried the plate on which siphon 
gauge, mirrors, and microscope are fixed. The free surface of the mercury in each 
arm of the gauge is five centimetres in diameter. The tube connecting them is two 
centimetres in diameter, and is but two centimetres below the free surface ; so that 
the temperature of the two columns of mercury shall be equalised rapidly. Good 
illumination is provided, with care to minimise the access of heat to the mercury. 
The pair of mirrors is provided with every motion required to bring the two fidu- 
cial points into focus at once, and to give the images of the points any desirable 
position in the field of the microscope. The ends of the points are wrought into 
small hemispheres. With all these precautions, as well as many others, we have 
been able to make measurements in which the mean error of a single reading is not 
very much greater than a ten-thousandth of a millimetre. 


4. The Tranmnission of Heat throngh Watn' Vapour. 

By Charles F. Brush and Professor Kdward W. Mouley. 

In the discussion which was elicited by the paper of Mr. Brush on a new gas 
whose power of transmitting heat, is vastly greater than that of hydrogen. Sir 
William Crookes suggested that the observed phenomena might perhaps be due to 
water vapour, and described experiments which seemed to * show that, at high 
vacua, water-gas is a better conductor of heat than either air or hydrogen at similar 
pressures.^ 

Being able now to measure small pressures directly, we have determined the 
rate of transmission of heat through water vapour at pressures from that of satura- 
tion at 0° to less than a millionth of an atmosphere. The three gauges described 
before have been used in three series of experiments with three different apparatus. 

At low pressures, water vapour transmits heat more rapidly than air, but not 
so rapidly as hydrogen. The superiority over air is a maximum at twenty or thirty 
millionths of an atmosphere, and is not far from .‘10 per cent. At sixty or 
eighty millionths, air and water vapour transmit heat at the same rate ; at higlnu- 
pressures, water vapour transmits heut less rapidly than air at the same pressures. 
Statements more precise than these cannot now be made, because the form and 
dimensions of the apparatus used modify slightly the curves which represent the 
relations between pressure and rate of transmitting heat, and the place of intersec- 
tion of the curves is thort?fore uncertain. 


5. Comparison oj the Constant Yolnme and Constant Pressure Seales for 
Hydrogen between 0° C. and — • 1 90° C. J>y Murhts W. Travers, H.Sc., 
and George Center, B.Sc. 

The authors describe a modified form of constant volume gas thermometer in 
which the average temperature of the stem — the part connecting the bulb with 
the so-called * dead space ’ — is determined from the readings of a secondary gas 
thermometer the bulb of which lies side by side with the stem of th(‘"main 
thermometer. The relation between the two scales was deduced from the expan- 
sion of hydrogen at constant pressure between —190° 0. and 0° (I 'I’be arrange- 
ments used to determine this expansion were as follows: — The bulb of the 
constant volume thermometer was immersed in liquid air side by side with 
another bulb, which we may call the constant pressure bulb, tilled with hydrogen 
at a known pressure, the temperature being deduced from the readings of the 
constant volume thermometer. The gas in the constant pressure bulb was then 
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pumped off and measured in a constant volume burette at a known temperature 
near that of the atmosphere, the relative volumes of bulb and burette being such 
that the pressure on the gas in the constant volume burette was as nearly as 
possible that under which the gas was confined in the constant pressure bulb at 
the lower temperature. By the above arrangement errors due to uncertainty in 
the temperature of connections, are eliminated. 

The results are as follows : — 


Tempeniturflfi from (‘onwtant 

Pressuro mi 
gas ill bulb of 
couBtaiit ])res- 

Volume of bulb 

Volnmo coeflicient 

volume thermometer 

of coiistiint 

of H l)ct\veen 

II scale 1 

Cent, scale 

1 Kure apparatus 
in millimetres 

1 press iin* ap- 
1 paratus in c.c. 

~ ]0«) ' C. and 
(1^ C. 

83-60 ; 

-180*64 

<)42-86 

, l(;-]40 

i -GoacGoo 

8316 1 

-180*81) 

<;83-70 

i 12*000 

•0030710 

83'’ 00 

-100*01 

719-70 

1 12*090 

*0036714 

83-07 ! 

- 180*07 

700-86 

1 KillO 

•0030730 

8r>-8r) 

-18G-10 

701-66 

13-008 

•On3()730 


These results indicate that the volume coeflicient varies with the pressure on 
the gas at the lower temperature, and if these values are plotted it will he seen 
that the value of the coefficient approaches •003(>6() when the pressure becomes 
small. This result is in agreement with theory, "f'he value of the coefficient at 
normal pressure is •003Gt)7, and if we apply this result to tlie calculation of 
corresponding temperatures on the two scales we lind : — 

Temperature on constant, volume scale . . . — lOCr C. 

Temperat ure on constant pressure scalt‘ . , . — ltKr-5C. 


6. Note on the Variation, of the Speci/ic Heat of Wafer, Jhj Professor 
H. L. Callendak, 7^'. if. *S’. —See lleports, p. 31. 


7. The Lan'n of Elcetrohjiiiii of Atixali Salt Voponrc^. lip IIauou) 
Wilson, />.*SV., 11 . A. ^ Clerk-MaxfveU Stadrut, Cambridpe, 

University. 

The method employed in the experiments described in this paper was the 
following: — A current of nir, containing a small amount of salt solution in 
suspension in tlio form of spray, was passed between two concentric cylinders of 

S latinuin heated in a gas uiriiace. 'fhese cylinders 'were maintained at a large 
iffereuce of potential by means of a storage battery, and the current between 
them through the stream of air and suit vapour was measured at various tempera- 
tures and with different E.M.F.’s. 

It was found that above 1300° 0. and with more tlian 800 volts P.D. the 
current through the salt, vapour became ‘saturated,’ that is, it was not increased 
appreciably either by raising the temperature or increasing the E.M.F. applied. 

This saturation current was measured for a number of different alkali metal 
salts. The table on the next pag(‘ contains the results obtained. 

It will be seen from the above results that the product EO is approximately a 
constant for solutions of the same concentration. Also EC is ten times greater 
with solutions of 10 grains in a litre than with solutions of 1 gram in a litre. 

It follows therefore that the saturation current through an alkali salt vapour 
is (1) proportional to the amount of any one salt passing between the electrodes, 
and (2) inversely proportional to the electrochemical equivalent of the salt 
spravea. 

these results are exactly analogous to Faraday’s Laws of Electrolysis for 
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Liquid Electrolytes, and couaoquently they establish the anal(*gy between con- 
duction of electricity by salt solutions and that by salt vapours. 


Salt in the 
Solution 
sprayed 

Cone, of 
Solution 
(Grms, per 
litre) 

Electro- 
chemical 
Equivalent 
of Salt 
(E) 

Saturation 

Current 

observed 

(C) 

1 

EC 

CsCl 

10 

168 

151 

X 10 * 

2-54 

10 ‘ 

Rbl 

10 

212 

13 5 


2-86 


KI 

10 

166 

16-4 


2 72 

>9 

Nal 

10 

150 

J(!-4 


216 


CsCl 

1 

168 

1-61 


2 70) 

lO'* 

Ca^COa 

1 

163 

1-61 

»» 

2 62 

yy 

Rbl 

1 

212 

1-25 

y) 

2-65 


RbCl 

1 

121 

2-21 


2 71 


Rb..COs 

1 

115 

2 44 

>> 

2-80 

yy 

Kl 

1 1 

166 i 

1-66 


2-75 

yy 

KBr 

1 

119 

2*13 


2*53 


KF 

1 

58 

4 42 


2*57 


K.,C 03 

1 1 

69 

4 00 

t> 

2*76 

yy 

Nal 

1 

150 

1*82 

ly 

2*73 

yy 

NaBr 

1 

103 

! 2-44 

y> 

2*52 


NaCl 

1 

59 

1 4*73 

yy 

2 79 

yy 

Na^CO, 

1 

53 

1 473 

yy 

2*51 

yy 

Lil 

1 

134 

i 203 

yy 

2 72 

,, 

LiBr 

1 

87 

312 

yy 

2*72 

yy 

LiCl 

1 

I 43 

6-25 

yy 

2*69 

yy 

LioCO, 

1 

37 

i 7-48 

yy 

2*77 

yy 





Mean . 

2*67 



8. Preliminary Note on the Theory of the Tjij)pma7in Electrometer and 
related Phenomena. By F. G. Cottrell, 

In the paper it is pointed out that in the determinations of single potential 
differences between metals and solutions of their salts by means of either the 
capillary electrometer or dropping electrodes the assumption has up to the 
present been made that the presence of a large amount of ^ indifferent ’ and gooc 
conducting electrolyte in uniform concentration throughout effectually prevents 
the differences of concentration of the metallic ions within the solution from 
producing any measurable electromotive forces. This is shown to be the case 
only — 

(1) When the total quantity of depolarising agent (usually a mercury salt) in 
the dilute portion of the solution (layer next the mercury in the capillary) is large 
in comparison to that used up at the electrode during the measurements ; or 
(2) when the depolarising agent can diffuse from the concentrated to the dilute 
portion in a practically undissociated state. 

In none of the forms of capillary electrometer or dropping electrode as yet 
employed for quantitative measurement is the first of these alternatives satisned 
for such electrolytes as dilute sulphuric or hydrochloric acids or potassium 
chloride. It is, however, for those (such as certain strengths of alkaline sulphide 
or cyanide solutions) in which the unpolarised mercury is already at its maximum 
surface tension. The second alternative is also not satisfied by solutions of the 
strong mineral acids or their salts, but probably is by cyanides, and to some 
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extent by iodides. Whether the sulphides also belong here is harder to say, but 
is not unlikely. 

It has long been admitted as one of the most vulnerable points in the theories 
of dissociation and the capillary electric phenomena that the values computed for 
such cells as Ilg | KCl | Na^S | llg by tne use of these methods for the terminal 
E.M.F.’s and Planck’s equations for the liquid contact (KOI [ Na.^S) do not agree 
with the values obtained by direct measurement of the cell as a whole. The 
tendency seems to have been to regard the contact Na.S | Hg as the disturb- 
ing elemeut ; but the views here presented point to the discrei)ancy really lying 
in the determination of the value for Ilg | KOI. This, of course, lias a direct and 
important bearing on the value for the standard electrodes now in common use. 

The same considerations serve to clear up some of the discrepancies between 
theory and experiment in t he phenomena of galvanic polarisation in general. 

The present paper is merely intended to indicate the line of reasoning which 
has led up to, and act as a preliminary notice for, a series of experiments aimed at 
a clearer separation and measurement of the individual components of these 
phenomena which the author has at present in band, and expects soon to bring 
forward as basis for a more thorough and conclusive treatment of the v/hole 
subject. 

9. Effect of No 71 ‘ Electrolytes on the JAppmann Electrometer Curve, 

By J. A. Craw. 


10. I) etennination of the Surface Tension of Mercury hy the 
Method of Ripjdes, By J. A. Craw. 


11. 2'he Potential Differences of Allot ropic Silver, 

By J. A. Craw. 


MOyPAr, SEPTEMBER IG. 

Tlie i^ectien was divided into two Departments. 

Department T. — Mathematics. 

The following Report and Papers were read : — 

1. Report on Tables of certain Mathemat ical Functions, 
See Reports, p. 54. 


2. A Criterion for the Recognition of the Irregular Points of Analytic 
Functions, By Professor Mittao-Leffler, Foreign Member R,S. 

Let -f — flr) + c.,(.r - 4* . . . be a lower series, and let us make the 
analytical continuation of this series along the line L, which starts from a. The 
paper dealt with the problem of finding a criterion which will determine the 
first singular point x upon L, which is found on proceeding from a towards 
infinity. 

The condition found was as follows : — 

Denote by c and d two positive quantities less than unity, and by 
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constants defined by the formula 

X(X + 1)... (X + n-l) = X‘’‘’ + KfX’‘-* ** + ... CjX 


Then the necessary and sufficient condition that .v he the first singular point on 
L as we go from a to infinity is that the inequality 


1 , . I c.4g?)’ - ” ’ '■(£?)■ I 


holds independently of a, however small € may be, for an infinite number of values 
of 71 ; while the inequality 


1 ! 


cM 


(■r- 


a)(l-S)\ 
log' ■ J 






•a)(l-6 

log* ’ 


')'■ 


'■( 


(. 1 — 

log -* 


T <»'(!::)■ 


holds for all sufhciently large values of n where we take a first and then c 
sufficiently small. 


3. Poincare^ s Ppai'-shajyed Figure of Eq'uUihrinm of Rotating Liquid, 
By G. H. Darwin, F.R,S, 

Ellipsoidal harmonic analysis has usually been presented in such a form as to 
make numerical calculation almost impossible, but the author believt‘3 that he has 
succeeded in removing this defect in a paper for the ‘ Philosophical I'ransactions,’ 
now in the press. By aid of the methods of that paper the limit of stability 
of Jacobi’s ellipsoid becomes calculable. According to the principles established 
by M. Poincar^, stability ceases when wo arrive at a stage where a coefficient of 
stability vanishes, and where there is interchange of stabilities between two 
coalescent series of figures. The figure which coalesces with the Jacobian at 
this point is the pear-shaped figure sketched by Poincare, No attempt is made 
in this paper to indicate the methods pursued, but results will merely be given.* 

If 6) denotes the angular velocity of an ellipsoid of liquid, and p the density, it 

is well knov/n that bifurcation of the Maclaurin ellipsoid occurs when “ *1871, 

27rp 

and when a number p to which the moment of momentum is proportional i.s 

• 30375.2 

One of the equatorial axes then begins to elongate, and the other to shorten, as 
the angular velocity diminishes and the moment of momentum increases. These 
ellipsoidal figures with three unequal axes are the Jacobian ellipsoids. 

The problem to be solved is to find when a coefficient of stability in the 
Jacobian series first vanishes, and to determine the nature of the figure which 
coalesces with the Jacobian. 

If the phraseology of spherical harmonic analysis be adopted, it is found con- 
venient to take as the principal axis of quasi-symmetry for the ellipsoidal 
harmonics the longest axis of the Jacobian ellipsoid. Then it appears that the 
first to vanish of the coefficients of stability is that corresponding to the third 
zonal harmonic. 

The following short table gives the leading facts concerning the Jacobian 
ellipsoids as far as just beyond their instability. The last line in the table gives 
the corresponding facts as to the critical Jacobian, which is a figure of bifurcation. 
The axes of the ellipsoids «, by c are given in such a form that their product (the is 

* A paper giving the details of the investigation was presented to the Royal 
Society in October 1901. 

** See Proo. R,S.y vol. xli. p. 319. 
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equal to unity. The function fi was referred to above, and exhibits the increase of 
moment of momentum, whilst the angular velocity falls. 


a 

6 1 

1 

0 

i 

I 

i 

! 

-6977 

1-1972 

1 1972 

1 *1871 

•30376 

•696 

1*123 

1-279 

•1S6 

*306 

1 -6916 1 

1 10 154 

1*3831 

*1812 

•3134 

•6765 

•9235 1 

1-6007 

: 1659 

•3407 

; -0494 i 

•8111 

1-899 

i *1109 

' *3920 

' -65066 

•81498 

1*88583 

' *14200 

1 *38957 


In tlie figure the dotted line shows the three principal sections of the critical 
Jacobian and the full line shows the pear-shaped figure, the amount of departure 
from the ellipsoid being, of course, drawn on an arbitrary scale. 

The reader who compares the figure of the critical Jacobian defined in the 
last line of the table and shown in the ligure with Poincare’s sketch will perceive 
that it is considerably longer than he had supposed. The resemblance of the new 
figure to a pear is also much less remarkable than in the conjectural sketch. 



OA 


GOOOO, OB - -81498, OC - 1-88583 ; 


OM 

OC 


-76806, 


ON 

OC 


-78899 


Cl)' 


•J4l>00 


4. 17ifi Simple Pendidum without Approximation. 
By Professor A, G. Gkeknuill, F.H.S. 


5. Spherical Trujonometry. 

By Professor A. G. Gkreniiill, F.B.S.y and C. Vernon Boys, F.B.S. 


6. O 71 the Partition of Series each Term of which is a Product oj 
Quantics. By Major P. A. IVIacMahon, F.F.S. 


002 
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7. 0)1 Idoneal Numbers, 

By Lt.-Col. Allan Cunningham, R.E,^ and the Rev. J. Cullen, S,J, 

About the year 1778 Euler discovered the existence of a class of positive 
numbers (m«), such that if an odd number N be expressible in only one tcay in the 
form + ny^) [with mx prime to w/y] or (.r - mny'') [with x prime to mny\ 
then N is either a prime or the square of a prime. These numbers he styled numeri 
idonei from their special fitness to aid in the detection of hi^h primes, lie gave 
rules for their discovery, and actually discovered sixty-five of them, the largest 
being 1848, and stated that there are no more > 1,848 but < 10, (XX). The joint 
authors have recently extended their search up to 101,220 by a sort of graphic 
process of solving simultaneous linear congruences (invented by the Hev. J. Cullen), 
with the result that no more such numbers exist > 1,848, but < 101,220. (The 
whole of the work ending in this result has been done indej>endently by each of 
the joint authors.) 

As to the forms (mx^ ^ (.r^ mere automorphs of the same form, 

products of the form by its unit-form — 7nnv' = 1. are not to he considered 
as distinct forms. With this proviso it is found that negative idoneals ( - Wi/i) 
are very numerous. Gauss’s tables show that, excluding squares, all but thirty- 
five of the numbers < d28 yield negative idoneals. Also th«^ authors find that all 
the known positive idoneals (except 37) are also neyative idoneals. 

Several new theorems on quadratic forms whose determinant is an idoneal 
were announced. 

As an application all the odd numbers of form + 1848y^), wherein .r is 
prime to 1 848 y, from 1(),0()0,(X)0 to 10,100,000. have been examined; the 189 
numbers shown below were found to be expressible in only one way in that form, 
and (squares having been excluded) are therefore all Prhnes. 

[This work was done by two computers imbpendently under Colonel Cunning- 
hanrs supervision.] 
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8. Determination of Successive High Primes. {Second Paper*) 

By Lt.-Col. Allan Cunningham, R,E.y and H. J. Woodall, A.R.G.Sc. 

A general method was previously explained of determining, in a compendious 
manner, the xoliole of the primes within a given range. Tafies have now been 
prepared showing the lowest factors (>5) of all the numbers between (2-’ 1020), 

t.e.f between 3.‘5,o5d,412 and 33,555,452, thus bringing them all within the power 
of tlie existing largti factor-tables. Hereby are detected tlie ivholo of the High 
Primes (128 in number) within that range, and also tlie whole of the Secondary 
High Primes (45 in number) contained as factors of the numbers within that 
range. [The xnhole of the work refiuired has been done by each of the joint 
authors independently.] 

There is a long senuenco of 73 composite numbers between 33,554,393 and 
33,654,407, and one of 51 composites between 11,181,889 and 11,184,941. 

Lii^t o/ 128 High Primes between (2*’ T- 1020). 
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9. The Equation of Secular Inequalities, 

By T. J. I’A. Bromwich, St. John^s College^ Cambridge. 

The theory of the mean motion of the perihelion and node of a planet's orbit 
was proved by Laplace to depend on a certain determinantal equation of degree 
equal to the number of planets considered. A paper has recently been published 
by V. V. L. (Miarlier (‘ (Inersigt af kongl. Vet.-Akad. Fiirhandlingar,’ Stockholm, 
1900, p. 1083) in which he considers the question of equal roots in this equation ; 
the case of equal roots was regarded by Laplace as unstable. Charlier remarks 
that Weierstrass had proved (‘Berliner Monatsberichte,’ 1858, p. 207, or ‘Ges. 
Werke,’ Bd. i. p. 233) that the equation (of the same form) which appears in the 
theory of small oscillations about a position of equilibrium does 7wt lead to 
instability if equal roots are present ; but apparently he regards Weierstrass’s 
investigation as not suHicient to apply in the more general problem of astronomy. 
Charlier then considers the astronomical case, in Weierstrass s w^, supposing that 
equal roots do appear in Laplace^s equation ; but the astronomical case may be 
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considered as covered by Routh^a ^ and Weierstrass^s ^ investigations as to tlie 
stability of a state of steady motion. 

Amongst other results, Charlier finds a method for reducing the disturbing 
function to a canonical form. As I have recently indicated ^ a process for the 
reduction in the more general case of any steady motion, it may be worth while to 
show how my method is simplified in Cliarlier’s case. Using the notation of my 
own paper, Charlier’s disturbing function is given by writing ^,, = 0 , c 
so that 

IJ 2 = d'y d't -h ysayg $r (r, 1 , 2 , . . ., n) 

where 

Oy.^a 


and the equations of motion are 


dd‘, 

0 n, d^r 

0H„ 


dt 

0 ^, ’ dt 

0 .-', 


Then the determinant which I employ is 





0 , . . 

0 

1 • 

• •> 

- . . 

0 

! 

‘ • •> 

0 , . . 

•; -P\ 

i 

• • •, " 11 , 

a^^, . . 

*> ^In 

1 0, p, 

• • •> ",.1. 

a,.,, . . 

a, > 

0 , 0, . 


a,,,, . . 

•} 


which is readily reduced to the form 

* f * * ‘f -f \n 


fn\^ • • *1 .f iin 1^' 

where == + . . . + so that /*m-/ • It follows hv a 

theorem due to Frobenius ^ that the values of /u* are equal to those of -X ’, w'here 
X is a root of the equation 

I «i>; • • •> 

1 fhiu 

By another theorem due to Frobenius, the invariant factors of the equation 
in are linear, as a consequence of the linearity of those of the equation in X 
That the latter are linear was proved by AVeierstrass (/.c.) (* Berliner Monats- 
berichte,^ I 808 , p. 216; 1868, p. 336). It follows that if X- a,, . . ., On are 

the (real) roots of the equation in X ; then i • * •> are the 

roots of the equation in /x (of which any number may be equal) ; and so the 
method of § 3 of my paper already quoted can be applied to bring to the form 

i2ajd'y (/*= 2 , . . ., n) 

tlie canonical equations of motion being unaltered, In this form the reality of 

' Adams Prize Essay, 1877, Stalnlity of Motion ; (f, Thomson and Tait, Natural 
Philosophy, art 343 in. 

Berliner Monatsherichte, 1879, p. 430. 

“ ProG. Land. Math. Soc., vol. xxxii. 1900, p. 197 (see also p. 325). 

‘ Crelle’s Journal f. d. Math., Bd. Ixxxiv. 1878, p, 1 (see p. 11, l^tz lii. and p. 25, 
Satz V.) 
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the results is not easily seen, and so we may use the equivalent form (given on 
p. 216 of my paper) 

.]2a, Cf'VMr.O 

which is Charlier’s form. It is perhaps worth while to remark that Jordan’s 
method ’ can he applied in this case, and without the use of imaginary quan-* 
tities. 


10. The Pn lseuoi' Diafjram and Different ud Equal ion 
By 11. \V. H. T. Hudson, /j./I, Felloto of St. John^s College, Cambridye. 

The paper is coiiceni(*d with tluj approximate solution of ordinary differential 
equations in the iieighlx)urhoo(l of sbtgtdar points^ and commences with a brief 
description of the method of using a diagram of unit points (squared paper) 
similar to that introduced by Puiseux for the case of algebraic functions. This 
method, which was first applied to differential equations by Briot and Bouquet, 
and extended by Fine, is shown to be capable of 8uj)plying information as lo the 
existence* of infinitudes of non-regular integrals which are usually obtained by 
purely analytical processes. The essential thing to notice is that a first approxi- 
mation to a solution may be obtained, not only from a side of the ‘ polygon,^ but also 
from a corner^ provided that the corner arise as a marked point from two or more 
terms in tin* differertial equation, and two inequalities be satisfied, <A])ri -“iiq; a cer- 
tain geometrical condition. The case of a differential equation of the first order 
and a point on the discriminant locus at which the integral curves have 7iot a cus]> 
is a good example, and shows the existence of a inual may be predicted from an 
inspection of the dia^ani. The case of solutions in series which at some stasre 
introduce logarithms is shown also to depend on corner points arising from more 
than one term. 


11. The Fourier Problem of the Steady Temperatures in a thin Bod, 
By James W, Peck. 


The solution e * V exp ^ considered from the point of view of the 

isothermals and tubes of flow. The result so got appears to contradict the initial 
hypothesis of lateral radiation ; and it is pointed out that the difficulty cannot bo 
evaded by considering the radiation negligible, for this nullifies the initially chosen 
equation of heat-flow. Explanation is found in the approximate nature of the 
solution, and t^vo necessary conditions of the approximation are -wtirked out as 
follows: deKning the ratio c : k as the thermal length modalus (E) — also 
specified physically - -and taking a as the radius and I the length of the rod, 'sve 

must have (i.) the ratio " : L small ; (ii.) the ratio • I "maW. For experi* 


mental purposes the first ratio should not exceed jJjr, hut the second need oiilj' 
be smaller than about J. Illustrations of the neglect of these, conditions arc 
drawn from the experiments of Despretz and of Wiedemann and Franz. Numerical 
values of L are given for a range of substances, and the limits between which the 
I^’ourier result is applicable are pointed out, A solution having a higher degree 
of approximation than the Fourier result is then derived from the Bessel function 
solution, viz. 




* Liouvillc's Joxirml de Math. (2), t. xix. 1874, p. 85 (§§ 5-8). References 
to Kroneckor’s mclhod.s of reduction and to oilier methods will be found in my paper 
already quoted. 

- The paper is published in the Proceedings of the London Mathematical Society % 
vol. XXX iv. 



556 HEPORT — 1901. 

and it is shown that the isothermals may in certain defined cases bo taken as the 
axial paraboloids of revolution 

log. 4Li>/(4L + «)V} 

and the lines of flow as the logarithmic curves 

Drawings of the curves and numerical examples are given in illustration of 
these results. 


12. A^ote on the Potential of a Surface Distribution, 

By T. J. I’A. Bromwich, St, JoJuis College, Cambridge, 

The problem is the determination of the discontinuities (at the surface) of the 
second differential coefficients of the potential ; the results are familiar, but the 
method seems easier than any other I am acquainted with. The same method 
has been used by Weingarten Acta Mathematica/ Bd. x. 1887, p. ; * Archiv 
d. Math. u.Phys.’ (3), Bd. i. 1901, p. 27) to find the discontinuities in the second 
differential coefficients of the potential of an attracting mass at the boundary of 
the space which it occupies *, also for some kinematical conclusions in connection 
with vortex motion. 

Take the origin on the surface at an ordinary point of the surface and let the 
axis of z be normal to the surface. If the surface is closed the positive direction 
of 2 will be from the inside towards the outside of the surface ; if the surface is 
not closed the direction of s can be taken arbitrarily. The side for which 2 is 
positive will he denoted by the suffix 0, the other side by the suffix 1. The 
equation to the surface then takes the form (near the origin) 

2 = 4 {ax' + Vuxy + bif) + . . . 

Let o* be the surface density at {x, //, 2 ), supposed to be finite, continuous, and 
differentiable, and let s be the value of o- at the origin, Sy, S: being the first 
differential coelhcients there. Then we may write 


where 


cr *= 5 + a + ysy + zs~ + e/' 
- X’ + + 2 * 


and € may be made as small as we please by sufficiently diminishing r. 

The potentials on the two sides of the surface are denoted by V^„Vi,and we 
write 


dx 


9Vo 


0.1-^^ a.’- ’ ~ 


0-'V, 0''V„ 




dddy ()xfjy^ 


where the values of the differential coefficients are to be taken at the orisrin. 
Thus 

dV, 0Vo _ 


where the quantities d may be made as small as we please by sufficiently dimi- 
nishing r. 

But at points on the given surface 

2 = ^{ax* *h 2hxy + by ') + . , , 

and 80 we may write 

.V 0V„ 
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Now, by the theory of the potential 
books on potential, 


ot a aunace density, 






i)''. - ?'> . J„„., 8^ -?'i .4„,„ 

d.f a.v ay dy dz oz 

where /, 7W, n are the direction cosines of the normal to the surface (drawn from 
the side s<0 towards the side 2 > 0 ). 


Here we may write 

— {ax + hy) + 6,r, 

and so we have 


— {hx i- by) + = 1 + f ; r, 


yji + + y^u + + ^*y) ■+ 

iiy + .rw.,y ^yUyy + ej;v - 47r(A' + xs^ + ySy + €"r)[ - {hx by) + f^r] 
M.- + tv/.t,, + yuy~ + ^ 47r(s -f :if^x + yfi,j + f 


As these hold for all values of x^ y, for which v is le&s than some assignable 
ouantity, we have the results 

?/,(=» - 47rr?.s- , = ^tts , 

Uy ,, = — 47r6N , Uy - - dTTuS/ 

i(.^ - + 47r(rt + />)>• , if^y 47r/jS 

where the value of k-, is determined by the fact that 

Urr + Kyy + = (V’Vi — V ' V ) ut tlic Origin 

-0 


Since ( 1 ^ 1 )-^ + ^ 

Pi Pi 

where pp are the principal radii of curvature of the surface, it follows that 

U t - ins( ^ + -1- \ 

VPi P> / 

is independent of the directions of the axes of x, y, as might be expected. A 
special case of this, when the surface is an equipotential, was given first by Green, 
(‘ Essay,’ § 8). These results agree with those given by Korn Lehrbuch der 
Potentialtheorie,’ Bd. i. p. 60), and Poincare (‘Potentiel Newtonien,’ p. 251), w^hen 
allowance is made for the simplification introduced by using the axes selected 
above. 


13. The Applications of Fourier^ s Series to Mathematical Physics, 

By H. S. Carslaw, D,Sc, 

In the problem of conduction of heat when the solution is given hy the 
infinite series 

V = sin 

where 





f (.r') sin nv*dx\ 


the presence of the factor preserves the convergency of the series when 

differentiated term by term. 

In the problems of transverse vibrations of strings where the solution is 
given by 

V = sin nx cos nat 
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this convergency factor is not present. The paper called attention to two matters 
connected with this solution : — 

(1) The series which are used — when the string starts from a position of rest 
with sharp corners — is not capable of differentiation twice with regard to .v and t. 


(2) The equation 


being obtained on the assumption that the 


string forms a curve without sharp corners, cannot without discussion be applied 
to these cases. 


Department II. — Physics. 


The following Reports and Papers were read : — 

L Report on Underground Temperature ^ — See Reports, p, G4. 

2. Report on Seismologienl Invest) gaf ion , — See Reports, p. 40. 


3. On the Seasonal Variation of the Afmos})herir Teviperature of the 
British Isles and its Relation to Wind-directvm , Ihj W. N. Shaw, 
M,A., F.R,S.^ and R. Walky Cohen, B.Ad 

If the twenty-five-year means of temperature for each clay of the year at tlie 
four principal stations of tlie Hritish Office be plotted tbc‘ curves 

do not exhibit a smooth run, but show a 'nimlMT t'f irn -ofUin of con- 

vsiderable magnitude. It is thus difficult to assign any specific number as the 
normal mean temperature for a particular day, and the immediate object of the 
work described below was to obtain a smooth curve to which the actual observed 
temperature of any day might be referred and to study its characteristics. The 
curves of actual daily means were first compared with simple harmonic curves 
having an annual period, a maximum about July 21, and the same area as the 
irregular curves. The comparison at once disclosed a lag of spring and an 
acceleration of autumn, and a corresponding (‘xaggeration of the summer 
maximum and moderation of the winter minimum. Thi'se features, being 
essentially characteristic of the combination of a first and second order sine 
curve with a maximum at the same epoch, suggCvSted the idea of combining 
two such curves to obtain a normal curve of ref(‘rence. Thesis combined curves 
give very .satisfactory smootluid curves for the whole year for (‘ach station, and 
show that the periodic; variations of atmosph(;ric temperature at Kew may be 
very approximately represented by tlie summation of two effects, one of w hich 
corresponds to a sine curv^e with an annual period and an amplitude of 32°*04 F. 
and the other to a sine curve wdth a semi-annual pt'riod and an amplitude of 
1°*4 F. Similar statements with similar numerical magnitudes are true of the 
other stations. This result has been confirmed analytically. 

The curves of daily mean atmospheric temperature have bi'en liarmonically 
analysed for each of the stations, and the values of the harmonic coefficients 
have been determined in the Meteorological Office by means of Sir R. Strachey’s 
formula.' In each case there is a second order curve whose amplitude is about 
one-eighth of that of the first order, and the amplitudes of the curves of higher 
order are so small as to be lU'gligiblc. The first order curve has a maximum at a 
date which varies at the four stations from July 23 to August 1, and the second 
order curve has maxima which vary from January 28 to February 3, and July 30 

* See Proc, Boyal Soc. 

^ Proc, Royal Soc., vol. xlii. pp. 61-79. 
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to August 6 respectively, and minima about the end of April and October 
respectively. 

Assuming the first order curve to represent the primary solar effect, the 
purpose of this investigation has been to ascertain the nature and cause of the 
second order efiect. 

Analysis of the temperature at Vienna shows that it does not exist there either 
to the same extent or at the same epoch. At Agra there is a second order effect 
of considerable magnitude, but at an entirely different epoch, and hence in no way 
analogous to the effect in the British Isles. The effect is thus shown to be 
Tnotoorolntricul and not planetary. 

Til" was first studied for Kew. Its cause was sought in the liffects and 
relative frequency of occurrence of cyclonic and anticy clonic weather. For this 
purpose the mean temperatures of cyclonic days for each month throughout the 
year during the five years 1876- 1880, and of anticyclonic days during the same 
period, were separately calculated, and curves were plotted whose ordinates are 
projKirtioiial to the difference between tliese values and the mean of the ordinates 
of the first order curve for each month. Both these curves show the main 
characteristics of the second order curve, and the curve of difierence of tempera- 
ture between cyclonic and anticyclonic weather shows no sign of it. Moreover, 
by multiplying the percentage of difference of frequency of cyclonic and 
anticyclonic weather for each month by the difierence in temperature, the total 
effect of type of weather on temperature is obtained, and its curve shows that it 
does not in any respect resemble the second order efiect. It is concluded that 
although the second order efiect lias a meteorological origin the type of the weather 
plays no ])art in causing it. 

The effect of wind direction was next examined for the nine-year period 
1 870' 1884. The mean temperatures of tin* air during tlie prevalence of barometric 
gradients towards eacli of eight, points of the compa«ss in each mouth were 
separately calculated, and curves of divergence from the first harmonic component 
were drawn for each wind (taken as being at right angles to the gradient) in the 
same way as for the cyclonic and anticyclonic curves. ]']ach of these curves shows 
at least some characteristic of tlie second order curve ; but on summing them all 
together a curve is obtained which differs somewhat from the total curve of 
divergence from first order curve values. 

The effect is largely accounted for as the combined efiect of the seasonal 
variations in temperature of the several wind-^, and when this part is eliminated 
the remainder must be attributed to tlie relative frequency of winds of difierent 
temperature. To show this more clearly the winds were grouped together. The 
mean temperature divergence of east winds is — F. ; of north-east winds 
~4°*0F. ; and of north winds — .‘^*5 F. The«e winds were grouped as 'cold’ 
winds. Similarly the north-west and south-east winds, whose mean diver- 
gences are only F, and --0'^‘7 F. respectively, were grouped as ‘ temperate ’ 

winds, and the w(*st, south-west, and south winds, whose mean divergences are 
-t- F‘7 F., + 2^*2 F., and o F. respectively, were grouped as ‘ warm ’ winds. 
1 emperature curves were drawn for each of these groups analogous to the curves 
for the separate winds. Facli curve again shows a general resemblance to the 
second order curve, but it is noticeable that the October-NoveiiibiT minimum is 
especially prominent in tlu‘ curve for the tem])erate winds. The mean frequencies 
of occurrence of these groups in each month during the nine years were also 
calculated and expressed us a jiercmitage of tlu^ total number of days ; the results 
were plotted on curves whose ordinates are proportional to these percentage 
frequencies. 

The frequency curve for ‘cold’ winds shows a very remarkable maximum 
frequency in May and n small maximum in November. 

The freqiiency curve for warm winds shows minima at these times and 
maxima in February and -Vugust, and the frequency curve for temperate winds, 
which become distinctly colder in October-Noveinber, shows a very high maximum 
at the end of October. At that time the temperature of these winds is much below 
the average relative value, and thus the small maximum of the curve of the cold 
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winds at that time is reinforced by the seasonal coldness of the more prevalent 
winds. 

As an example of the results derived from the inquiry it may be mentioned 
that the minimum of the second order effect at the end of April may be attributed 
to the relative frequency of ‘ cold ’ winds and the relative coldness of all winds at 
that period, while the corresponding minimum at the end of October must be 
assigned to the relative frequency of ‘temperate^ winds and the comparative 
coldness of those winds at that time of the year. 

The second order effect is apparent in a single year’s observations, and has, with 
few exceptions, a larger amplitude in the analysis of the temperature curve of a 
single year than in that of a mean curve of a number of years. The amplitude for 
a single year may be as much as 3°, or a quarter of the amplitude of the whole 
annual variation. 

A similar effect is found in the variation of magnitude of the barometric 
gradient between London and Valencia, and London and Aberdeen. It is 
probable that this periodic variation in pressure plays some part in causing the 
similar variation in temperature. 

A similar effect is aLo found in the temperature variation of the sea water at 
stations surrounding these islands, and the atmospheric effect is probably con- 
nected with this. 


4. On the Effect of Sea Temperatu re upon the Seasonal Variation of Air 
Temperature of the British Isles. Bp W. N. Shaw, M.A.^ F.B.aSJ 

The paper describes an attempt to utilise the mode of geometrical composition 
and resolution of sine curves of the same period to resolve the principal seasonal 
variations of temperature at a station into constituents, which may be called the 
primary solar constituent, and the constituent due to the surroundings of land 
and sea respectively. 

The analysis of atmospheric temperature shows that there is a considerable 
lag in the occurrence of the seasonal variations of tem])erature at coast stations as 
compared with inland stations, and a still greater lag in the variations of 
temperature in the sea itself. 

The variation in sea temperature is regarded as a periodic cause of variation 
of atmospheric temperature at coast stations, the effect of which is periodic in the 
same period, and may be compounded witli the primary solar effect to give the 
resultant seasonal variation. 

The effects of these curves of equal period may be represented in magnitude by 
the numerical value of the amplitudes of the first order curves of the respective 
temperature variations, and they may be compounded geometrically by means of a 
triangle whose sides are proportional to these amplitudes, and are inclined at angles 
corresponding to the relative epochs of the curves. In such a triangle the following 
elements are known : — 

1. A side proportional to the observed amplitude at the station, 

2. The difference in epoch between the primary solar cause and the resultant, 
t.c., the angle between the sides proportional to the amplitudes of the primary 
solar and of the resultant effects. 

3. The angle between the sides proportional to the marine and the ])rimary 
solar effect. 

By assuming the primary solar efiect to be the same for places in the same 
latitude it would thus be possible to analyse seasonal variation of temperature 
at any place into its elements, and an example is given of this analysis in the case 
of Kew. A point of some interest arising out of this is the lag in the seasons at 
sea-coast stations, showing that not only the autumn and winter are late at the 
sea-coast, but also the spring, so that an early spring is to be sought inland. 


See Proc. Iloyal 8oc. 
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Another point of interest is the effect of the sea, which is not, as is generally 
supposed, actually to decrease the amplitude of annual temperature oscillation, 
but to increase it, although to a less extent than a corresponding surrounding area 
of land. Thus at Nertchinski-Zavod, in Siberia, the effect (calculated as above) of 
the secondary cause, i.e., the r-iirr.»un*liiiif land, on annual temperature variation 
has an amplitude of 65° F. ; at K-w, in the same latitude, the effect of the 

surrounding land and sea lias only an amplitude of 8°*3 F. The figures for sea 
temperature are inadequate for effective numerical analysis, but th(»y suggest a 
possibility of arriving on these lines at a definite comparison of inland and marine 
climat(>s. 


5. A New Point of View about Gravitation^ and a jn'oposiod Experiment, 

By Dr. V. Cremieu. 

We know perfectly well the quantitative law of gravitation, but we have no 
idea of the mechanism of the attraction. 

Several attempts have heon made to explain gravitation by the presence of n 
medium, but, I believe, all without success. Some leariU'd men, too, had the 
idea of liiuling by experiment whether the propagation of attraction was in- 
stantaneous or not ; but, as far as I know, no physical experiment was ever tried. 

Whenever a system is in equilibrium every attempt to di.sturb that equi- 
librium will introduce new forces into the system, which will act against this 
disturbance of equilibrium. 

There are many (‘xamples: heating of gases by compression, increase of 
resistance of metals with temperature, and consequently, when they are sub- 
mitted to an electromotive force; and, moreover, the law of Lenz in induction. 

I thought that gravitation must very likely follow that universal law. 

If, for instance, we consider the two bodies A and B in equilibrium, we can 
imagine that there is a ^ flux of attraction ’ between them. Let us move A very 
quickly : this motion will produce a siuldtm variation in that flux, and a reaction 
will take place in the system at that moment which will work against the motion 
communicated to A. 

A few months ago I described in the ^ Comptes Jlendus’ a new very sensitive 
kind of balance which gives ns an easjr and direct way of verifying that idea. 

This balance is made in the f.dh»uiii.r manner: a very light tube of nluminium 
is horizontally su.'^pended by a '•:!K ilir.-ad, the two bent parts of wdiich form an 
angle of about 120°. 

At one end of this tube is fixed a small s])hero of platinum weighing about 
three gramnu‘s. At the other end is a permanent magnet suspended by a silk 
thread ; the weight of this magnet is three or four milligrammes lighter than that 
of the sphere. 

A coil is fixed on the support of tin* apparatus, and the silk thread bearing 
tlie permanent magnet coincides with the axis of that coil. 

On sending a current through it in the proper dirt‘ction a repulsion between 
the fixed coil and the permanent magnet, will be established. That is the repulsion 
which will be ust*d in.stead of weight.s. 

I liave constructed several of these balances for use as galvanometers or 
electrometers. The measured accuracy of one was as follows : 

It gives, at a distance of two metres, a deviation of 12 millimetres for a 
current of 10*® amperes, which corresponds on tlu' movable magnet to a force 
of 8 X lO*"' dynes. This is the maximum obtained as yet. But I can easily 
obtain the 10*^ of a dyne : and I hope, with the long arm constructed for 
my gravitation experiment, to each about the 10**^ of a dyne. 

Now, with a convenient current, let us produce eq^iiilibrium between the 
magnet and the sphere. We will record it by the position of a spot of light 
reflected by a mirror. If, then, we bring near to the sphere a heavy sphere 
of lead, there will be an attraction between them ; we can equilibrate it by 
increasing conveniently the current in the coil. 
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If now we drop the heavy sphere of lead we shall have the sudden variation 
required for the experiment. 

If my idea is right we shall observe at that same moment an impulsion of the 
spot of light on the scale in the direction of the motion — that is to say, in a direc- 
tion contrary to that which would be observed if the assumed efiect does not exist. 

The apparatus for making the experiment is now ready, and I hope to obtain 
results before long. 

I will point out that astronomical observations cannot answer this ques- 
tion because in the motions of the planets there are only very small changes 
of the ^ flux of gravitation ’ ; and, besides, the distances are enormous. Moreover, 
as these changes would be always reversed in the course of a complete 
revolution, their very small effects would neutralise one another. 

6. A Discussion on the proposed New Unit of Pressure ^ opened hy a Paper 
by Dr. C. E. Guillaume. — For Dr. Guillaume^s Paper see Reports, 
p. 71. 


7. The Michelson-Morley Effect. By W. M. Hicks, F.R.S. 

In the theory of this experiment, as usually presented, no account is taken of 
the alteration in wave length produced by reflection from a moving surface, nor 
of the alteration in the direction of incidence as the drift alters, when the source 
of light is fixed to the apparatus. When this is done it follows that the pheno- 
mena to be expected are not precisely the same as those usually supposed, and in 
certain cases the displacement of the fringes is subject to a quite different law. 
The two sets of interfering waves, when there is drift, have not the same wave 
length in space, although their apparent frequencies at any point moving with the 
apparatus are equal. Consequently interference fringes are produced on a screen 
which is fixed to the' apparatus, and these fringes are displaced a certain number of 
bands when the apparatus drifts. Usually, however, the fringe is observed by an 
optical apparatus which produces an image on the retina. Ilut the two inter- 
fering pencils from any point of the actual fringe, when they arrive at the retina, 
have a different phase-difference from that at the original point Consequently 
the image of the central bright line will not itself be a bright line. The central bright 
band on the retina will be the optical image of another point on the original, and 
the fringe-image shows the original one displaced by a certain amount which 
alters with the drift. The observed displacement is therefore the resultant of 
two others, one of which may in certain circumstances quite mask the other. 
Supposing the drift of the apparatus to be comparable with that of the earth’s 
orbital motion — say 10“^ times that of light — it was shown to be possible that 
in Michelson’s actual experiment the arrangements were such that the effect he 
expected was quite masked by the other. 


8. The Law of Radiation. By Dr. J. Laumok, F.R.S. 


9. Radiation of Heat and Light from a Heated Solid Body, 

By Dr. J. T. Bottomley, F.R.S. 

In this paper an account is given of recent experiments on radiation of 
heat and light from a heated solid body commencing with the very lowest 
temperature at which a heated body becomes visible and proceeding to tem- 
peratures approaching white heat. The experiments were made on pairs of 
platinum strips specially prepared for the author by Messrs. Johnson & Alatthey. 
The strips were mm. broad, and extremely thin. One of each pair was 
highly polished, and the other was coated with lampblack. The pairs of strips 
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were contained in similar glass tubes, which were connected together by end 
tubes, one of which was connected to a Sprengel pump, and by means of the 
Sprengel pump a very high vacuum was obtained, so that the energy lost was 
entirely due to radiation; the amount of beat lost by convection being negligible. 
The lowest temperature at which the strip becomes visible in a darkened chamber 
to an observer who has remained in the dark for some time in order that his eyes 
may attain perfect sensitiveness is about 400" C. At this temperature the 
blackened strip loses nearly seven times as much energy as the polished strip. 
As tho temperature rises the ratio seems to fall, while the light given oft 
passes to dull red, then to cherry red, and finally to bright red approaching white 
heat. 

Experiments are also referred to, of an older date, in whicli pairs of wdres, 
one polished and the otlw'r sooted, were compared at the same temperature 
(inferred from the resistance of the wires). 

It is concluded from all these experiments that tho production of light is 
vastly more economical when the surface of the light-giving body is bright and 
highly polished than wlien it is dull or coated with lampblack. 


TUESDAY, SEPTEMBED 17. 

The Section was divided into two Depjirtments. 


Department I. — PiiYkSics. 

The following Papers were rt*ad : — 

1. On the Clustering of (Jravifationnl Matter in any part of the Universe, 
JUj Lord Kelvin, a,C,V,0., F.E.S, 

Gravitational matter, according to our ideas of universal gravitation, would be 
all matter. Now, is there any matter which is not subject to the law of gravita- 
tion Y I think I may say with absolute, decision tliat then* is. We are all 
convinced, with our President, that ether is matter, but we are forced to say that 
the properties of molar matter are not to be looked for in ether as generally 
known to us by action resulting from force between atoms and matter, ether aiill 
ether, and atoms of matter and ether. Here I am illogical when I say between 
matter and ether, us if ether were not matter. It is to avoid an illogical phraseo- 
logy that I use the title * gravitational matter.’ Many yt‘ars ago I ga\e strong 
reason to feel certain that ether was outside the law of gravitation. We need 
not absolutely exclude, as an idea, the possibility of there being a portion of space 
occupied by ether heyond which thert' is absolut«‘ vacuum — no ctlicr and no 
matter. We admit that tliat is something that one (oiild think of; but 1 do 
not believe any living scientific man considers it. in the slightest degree probable 
that there is a boundary around our universe heyond which there is no ether 
and no matttir. Well, if ether extends through all space, tluui it is certain 
that ether cannot be subject to the law of mutual gravitation between its 
parts, becautw'. if it were subject to mutual attraction between its parts its equi- 
librium would bo unstable, unless it were infinitely incompressible. But here, 
again, I am reminded of the critical character of tin* ground on which wo stand in 
speaking of properti(‘a of matter beyond what we see or let*! by exj>erimeut. 

I am afraid 1 must here express a view difienuit from that which Professor 
lliicker announced in his Address, when he said that continuity of mutter implied 
absolute resistance to condensation. We have no right to bar condensation as 
a property of ether. While admitting ether not to have any atomic struc- 
ture, it is postulated as a material which performs functions of which we know 
something, and which may have properties allowing it to perform other functions 
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of which we are not yet cognisant. If we consider ether to be matter, we 
postulate that it has rigidity enough for the vibrations of light, but we have no 
right to say that it is absolutely incompressible. We must admit that sufficiently 
great pressure all round could condense the ether in a given space, allowing the 
ether in surrounding space to come in towards the ideal shrinldngsurface. When 
I say that ether must be outside the law of gravitation, I assume that it is not 
infinitely incompressible. I admit that if it were infinitely incompressible, 
it might be subject to the law of mutual gravitation between its parts ; but to 
my mind it seems infinitely improbable that ether is infinitely incompressible, 
and it appears more consistent with the analogies of the known properties of molar 
matter, which should he our guides, to suppose that ether has not the quality 
of exerting an infinitely great force against compressing action of gravitation. 
Hence, if we assume that it extends through all space, ether must be outside 
the law of gravitation — that is to say, truly imponderable. I rememlier the 
self-complacent compassion with which sixty years ago — I myself, I am afraid — 
and most of the teachers of that time looked upon the ideas of the elderly 
people who went before us, who spoke of ‘ the imponderables.’ I fear that in 
this, as in a great many other things in science, we have to hark back to the 
dark ages of fifty, sixty, or a hundred years ago, and that we must admit there 
is something which we cannot refuse to call matter, but whicli is not subject 
to the Newtonian law of gravitation. That the siin, stars, planets, and meteoric 
stones are all of them ponderable matter is true, but the title of my paper implies 
that there is something else. Ether is not any part of the subject of this paper ; 
what we are concerned with is gravitational matter, ponderable matter. Ether 
we relegate, not to a limbo of imponderables, but to distinct species of matter 
which have inertia, rigidity, idasticity, compressibility, but not heaviness. In a 
paper I have already piibli>h»‘(l I gave strong reasons for limiting to a definite) 
amount the quantity of matter in space known to astronomers. I can scarc(dy avoid 
using the word ^ universe,* but I mean our universe, whicli may he a very small 
affair after all, occupying a very small portion of all the space in which there is 
ponderable matter. 

Supposing a sphere of radius 3’09.10*‘’‘ kilometres (being the distance at which 
a star must he to have pamllax 0''‘0()1) to have within it, uniformly distribuh‘d 
through it, a quantity of matter equal to one thousand million times the .sun’s 
mass, the velocity acquired by a body placed originally at rest at tlie surface 
would, in five million years, he about 20 kilometres per second, and in twenty-five 
million years would be 108 kilometres per second (if tlie acceleration remained 
sensibly constant for .so long a time), ilence, if the thousand million suns had 
been given at rest twenty-five million year.s ago, uniformly distributed *l.r.»;i 
the supposed sphere, many of them would now have velocities of 20 or dO kilo- 
metres per second, while some would have less and .some probably greater velo- 
cities than 108 kilometres per .second ; or, if they had been given thou.sands of 
million years ago at re.st so distributed that now thf‘v were equally spaced 
throughout the supposed sphere, their in<*an velocity would now be about 50 kilo- 
metres per second.* This is not unlike the measured velocities of stars, and hence 
it seems probable that there might he as much matter as one thousand million 
suns within the distance 3*09.10’® kilometres. The same reasoning shows that ten 
thousand million suns in the same sphere would produce velocities far greater than 
the known star velocities, and hence there is probably much les.s than ten thousand 
million times the sun’s mass in the sphere considered. A. general theorem dis- 
covered by Green seventy-three years ago regarding force at a surface of any 
shape, due to matter (gravitational, or ideal electric, or ideal magnetic) acting 
according to the Newtonian law of the inverse square of the distance, shows that 
a non-uniform distribution of the same total quantity of matter would give 
greater velocities than would the uniform distribution. Hence we cannot, by any 
non-uniform distribution of matter witliin the supposed sphere of 3*09.10’® kilo- 
metres radius, escape from the conclusion limiting the total amount of the matter 
within it to something like one thousand million times the sun’s mass. 

* Phil. August 1901. pp. 169. 170. 
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If we compare the sunlight with the liglit from the thousand million 
stars, each being supposed to be of the s&mo size and brightness as our sun, we 
tind that the ratio of the apparent brightness of the star- lit sky to the bright- 
ness of our sun’s disc would bo 3*87.10 ' *. Tliis ratio ' varies directly with 
the radius of the containing sphere, the number of equal globes per equal volume 
being supposed constant. ; and hence to make the sum of the apparent area of discs 
3*87 per cent, of the whohi sky, th(i radius must be 3*09.10'^ kilometres. With 
this radius liglit would take 3^.10^* years to travel from the outlying stars to 
the centre. Irrefragable dynamics ])roves that the life of our sun as a luminary 
is probably between tifty and 100 million years ; but to be liberal, suppose each of 
our stars to have a life of 100 million years as a luminary, and it is found that 
the time taken by light to travel from the outlying stars to the centre of the 
spiiere is three and a quarter million times the life of a shir, lienee it follows 
that to make tlie whole sky aglow with tlie light of all the stars at the same time 
the commencements of the stars nuLSt be timed earlier and earlier for the more and 
more distant ones, so that the time of the aiTival of the light of every one of 
them at the earth may fall within the durations of the lights of all the others at 
the earth. My supposition as to uniform density is quite arbitrary; but never- 
theless I think it highly improljable that there can be enough of stars (bright or 
dark) lo make a total of star-disc area more, than 10~’' or 10 “ of the whole sky. 

'J'o help to understand the density of the siipposi^d disfriliiuion of 1,000 million 
suns in a sphere of 3*09.10‘'‘ kilometres radius, imjigine them arrnngal exactly in 
cubic order, !itid the \olume |)er sun is found to be ]23 o. 10^'’ cubic kilometres, 
and the distance fr<»m one star to any one of its six nearest neighbours would be 
4*98. 1 (V ’* kilometres. The aim seen at. this di^ance would probably be seen as a 
star of between the first and second magnitude ; but supposing our 1,000 million 
suns to bo all of sneb b i.Iil- its to be stars of the first lU'S/’si' 'i-le at distance 
corresponding to p.ir:i'.l .\ 1'*, the brightness at distanc(‘ ■Ji'*. kilometres 
would be one one-inilliontli of this; and the most distant of our stars would be 
seen through powerful t(‘lescopes as stars of the sixteenth magnitude. Newcomb 
estimated Irom thirty to tifty million as the number of stars visible in modern 


telescopes. Young estimated at 100 million the number visible through the Lick 
telescope, ^rhis larger eatiniate only cue tentli of our assumed 1,000 million 
masses »M]ual to the, sun, of which, however, 900 million might be either non- 
liiminous, or, though luiuinous, too distant to be seen by us at their actual 
distances from tlie earth. Keuiark, al>o, that it is only for facility of counting 
that we have reekoue<i our universe as 1,000 million suns ; and that the meaning 
of our reckoning is that th(‘. total amount of matter within a sphere of 3*09.10*’’ 
kilometres radius is 1,000 million times the Min’s mass. The sun’s mass is 
1*09.1 O’* metric tons, or 1*99.10“ grammes. Hence our reckoning of our sup- 
])OMe(l spherical universe is that tbti ponderable part of it amounts to 1*99.10*® 
grammes, or that its average density is 1*01. lO '-^ of the density of water. 

Ijct us now return to the que>tioii of sum of apparent areas. The ratio of 
tills sum to 4Tr, the total apparent area of the sky viewed in all directions, is given 


]>y tb(^ formula ' : a 


3N 

4 



jirovided its amount is so small a fraction of 


unity that its (liniiiiution by eclipses, total or partial, may be neglected. In 
this formula, N is a number of globes of radius a uniformly distributed within a 
spherical surface of radius r. For the sanu‘ quantity of matter in N' globes of the 
same density, uniformly distributed through the same spliere of radius r, we have 

^ and therefore ^ =^. With N -10’, /* = 3*09.10*” kilometres; and 

N \u / a a 

it (tin* sun's radius) -7.10' kilometres; we had ft - 3*87.10~‘‘*. Hence 
a' ~1 kilometres gives 3*87.10"''; and a'' --l centimetre givcvS a" = 1/36*9. 
Hence if the whole mass of our supposed universe were reduced to globules of 
density 1’4 (being the sun’s mean density), and of 2 centimetres diameter, dis- 
tributed uniformly through a sphere of 3*09.10*” kilometres radius, an eye at the 


' Ph\U J/hy., August 1001, p. 175. 



566 


ttEPORT — 1901. 


centre of this sphere would lose only l/3(j-9 of the Ijght of a luminary outside it ! 
The smallness of this loss is easily understood when we consider that there is only 
one globule of 2 centimetres diameter per 360,000,000 cubic kilometres of space, in 
our supposed universe reduced to globules of 2 centimetres diameter. Contrast witli 
the total eclipse of the sun by a natural cloud of water spherules, or by the cloud 
of smoke from the funnel of a steamer. 

Let now all the matter in our supposed universe be reduced to atoms (literally 
brought back to its probable earliest condition). Through a sphere of radius r let 
atoms be distributed uniformly in respect to gravitational quality. It is to be 
understood that the condition * uniformly ’ is fulfilled if equivoluminal globular or 
cubic portions, small in comparison with the whole sphere, but large enough to 
contain large numbers of the atoms, contain equal total masses, reckoned gravita- 
tionally, whether the atoms themselves are of equal or une(|ual masses, or of 
similar or dissimilar chemical qualities. As long as this condition is fulfilled, each 
atom experiences very approximately the same force as if the whole matter were 
infinitely fine-grained, that is to say, utterly homoccn(‘OU>. 

Lotus therefore begin with a uniform sphere of matter of density p, gravita- 
tional reckoning, with no mutual forces except gravitation between its parts, given 
with every part at rest at the initial instant ; and let it be required to find the 
subsequent motion. Imagining the whole divided into infinitely thin concentric 
spherical shells, we see that every one of them falls inwards, as if attracted by the 
whole mass within it collected at the centre. Hence our problem is reduct*d to 
the well-known students’ exercise of finding the rectilinear motion of a particle 
attracted according to the inverse square of the distance from a fixed point. l^<»t 

be the initial distance, the attracting mass, v and x the velocity and 

distance from the centre at time t. The solution of the ])r()blem for the time 
during which the particle is falling towards the centre is 

3 '.r .r,/ 

and 

“*) GViD 

where 6 denotes the acute angle wIiom* sine is a/.'.; is shows that the tinn*' 

of falling through any proportion of the initial distajiee is the same wliatever be 
the initial distance ; ajid that the time (which wv >hall denote by T) of falling to 

the centre is in our problem of liomogeneous gravitational 

matter given at rest within a spherical surface and left to fall inwards, tho 
augmenting density remains homogem'ou-, and the time of shrinkage to any 
stated proportion of the initial radius i.s iiiver.'^ely as the sqiian* root of tin* 
density. 

To apply this result to the supposed spherical univiirse rif radius .3*09.10* '■ 
kilometres, and mass equal to a thousand million times the mass of our sun, W(* 
find the gravitational attraction on a body at its surface gives acceleration of 
kilometres per second j^er second. This therefore is the value of 

:v^^y with one second as the unit of time and one kilometre as the unit of 

distance; and wo find T- 62*8.10“ seconds « 16*8 million years. Thus our 
formulas become 
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and ^ 

whence, when sin 6 is wry small, 

Let now, for exara])lc, .‘V00.10“‘ kilomelres, and and, tlierefol'Cj 

siii^ = ^ = 3-lG.10 ‘ ; wlience, v = 2l>l,000 kilometre*^ p^r second, and 
i « T — 7,080 st*cond.s = T 2 lioiirs approximately. 

By tiiese results it is most interesting to know that our supposed si)here of 
perfectly compn'ssible fluid, beginning at rest with density 1*G1.10~'* of that of 
water, and of any magnitude large or small, and left unclogged by ether to shrink 
under the influence of mutual gravitation of its parts, would take nearly seventeen 
million \ears to reach 0161 ot the density of water, and about two hours longer 
to shrink to infinite density at its centn?. It is interesting also to know that if 
the initial radius is 3*00.10“’ kilometres, the inward velocity of the surface is 
20 1,(X)0 kilometres p<‘r second at the instant wh(‘n its radius is 3*09. 10'*' and its 
density *01G1 of that of water. If now, instead of an ideal compressible fluid, we 
go back to atoms of ordinary matter of all kinds as the primitive occupants of 
our sphere of 3*00. 10“’ kilometres radius, all these conclusions, providi'd all the 
\elocitit‘s an^ less than the velocity of light, would still hold, notwithstanding the 
ether occu])ying the space through which the atoms move*. This would, I believe,’ 
exereis(‘ no rc'sistanee whate^er to uniform motion of an atom through it ; but it 
would eertainly add quasi-inertia to the intrinsic Newtonian inertia of the atom 
itndf moving thro\igli ideal space void of ether j which, according to the New- 
tonian law, would be <‘xactly in jiroportion to the amount of its gravitational 
quality. The additional quasi-inertia must be exceedingly small in comparison 
A\ith th(‘ Newtonian in(*rtia, as is demonstrated by tlie N<‘wtonian proofs, includ- 
ing that founded on Kepler's laws for thi* groups of atoms eoustituting the planets, 
and movable bodies experimented on at the earth’s surface. 

Ill ou(‘ thousand seconds of time after the density *0161 of the density of water 
is reached, the inward surlaee velocity would be 305,000 kilometres per second, 
or greater than the ^elocity of light: and the whoh' surfac(‘ of our coiuh'iising 
glohe of gas or va])Our or crowd of atoms would begin to glow, shedding light, 
inwards and outwards. All this is absolutely realistic, except the assumption of 
uniform distribution through a sphere of the eiumnous radius of 3*09. 10“’ kilo- 
metres, which we adtipled tmnporarily for illustralioiial purpose. Tlie enormously 
great velocity (201,000 kilometres per st*cond) and rate of accideration (13*7 kihl- 
melros per siH'oml ]>er si'cond) of the iHUindary inwards, which we found at the 
instant of density *0161 of that of water, are due to greatness of the primitive 
radius, and the luiiformity of density in the primitive distribution. 

To come to reality, according to the most probable judgimmt present know- 
ledge allows ns to form, suppos*- at many millions, or thousands of millions, or 
millions of millions of years ago, all the matter in the iini\erse to ha\e been 
atoms very nearly at r(*st, - or quite at rest; more densely distributed in some 
]))aees than in others, of infinitely small averagi*. density through the wliolo of 
infinite space. In regions wlu‘n» the density was tli»‘U greater than in neighbour- 
ing regions, the density would become greater still ; in places of less density, the 

• * On the Motion produced in an Infinite Elastic Solid by tlie Motion through 
the. Space occupied by it of a Body acting on it only by Attraction or Repulsion,' 
Cong. International de Physique, Paris, Volume of Reports (PAiV. A/a^., August 1900). 

‘On Mechanical Antecedents of Motion, Heat, and Light,’ Brit. Assoc, Rep.^ 
Part 2, IS54; Edin. New Phil, Jour^^iA, i. 1855; Comptes Rendus^yoX, xl. 1855; 
Kelvin’s Collected Math, aiid Phys. Papers, vol. ii. art. Ixix. 
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density will become less ; and large regions will quickly become void or nearly 
Void of atoms. These large void regions would extend so as to completely sur- 
round regions of greater density. In some part or parts of each cluster of atoms 
thus isolated, condensation would go on by motions in all directions not generally 
convergent to points, and with no perceptible mutual influence between the atoms 
until the density becomes something like 10 of our ordinary atmospheric density, 
when mutual influence by collisions 'would begin to become practically effective. 
Each collision would give rise to a train of waves in ether. These waves would 
carry away energj', spreading it out through the void ether of infinite space. Tlie 
loss of energy, thus taken away from the atoms, would reduce large condensing 
clusters to the condition of gas in equilibrium ' under the influence of its own 
gravity only, or rotating like our sun or moving at moderate speeds as in spiral 
nebulas, &c. Gravitational condensation Avould at first produce ri8(‘ of tempera- 
ture, followed later by cooling and ultimately freezing, giving solid bodies ; 
collisions between which will produce meteoric stones such as we see them. AVe 
cannot regard us probable that these lumps of broken-looking solid matter (some- 
thing like the broken stones used on our macadamised roads) are primitive forms 
in which matter was created. Hence we are forced, in this twentieth century, to 
views regarding the atomic origin of all things closely rt'sembling those presented 
by Democritus, Epicurus, and their majestic Roman poetic expositor, Lucretius. 

2. A Discussion on (/lass used for Hcientific Pur poses. 

Opened hy a Paper by Dr. B. T. Glazebuouk, F.R.S. 


3, The Brush Grating and the Law of its Optical Action. 

By John Kerr, LL,D„, F.ILS. 

Pure water is fendered slightly hazy by holding in suspension a »smnll quantity 
of chemically precipitated and invisibly fine particles of Fe ^0, ; this liquid placed 
in a uniform and moderately strong magnetic field gives the bi'st known example 
ot the Rrush grating. The water is understood to be traversed throughout its 
mass by a set of invisibly fine filaments of solid particles, all straight and jmrallel. 
When this medium is examined in the polari^cope the vibrations transmitted are 
always perpendicular to the filaments. 

Ime action of the Brush grating comes out in experiment as twofold: (1) a 
negative double refraction with filament lor optic axis ^ (2) a vSolective absoiqition 
of the extraordinary ray. Tlie phenomena are quite regular, and as pure as any 
that are given by good crystals, but upon a comparatively small scale of intensity. 
The sim^est statement of the law ot tlie action is that when light passes through 
the Brush grating the Fresnel vibrations parallel to the filaments are the most 
absorbed, and those perpendicular to the filaments the most retarded. 

It is interesting, and may be useful, to compare the new medium with the 
numerous media known in optics as the coloured birefringent crystals ; and also 
with Hertz’s grating of parallel wires, used as a transmitter and absorber of 
electric waves. 

4. The Effect of Errors in Iluliug on the Apprara)ice of a D iffract hm 
Grating. By H. S. Allen, M.A., B.Sc. 

If a spectroscope is adjusted to view a single spectral line, and the eye-piece of 
the observing telescope is removed, the diffraction grating is seen illuminated by 
monocbromatic light j but in general the image is crossed hy a number of dark 
bands parallel to the rulings on the grating. The bands may be better studied by 
focussing the observing telescope on the surface of the grating instead of on the 

Homer Lane, American Journal of Science, 1870, p. 57 ; Sir W. Thomson, 
iP/u/. J/iiy., March 1887, p. 287. 
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slit of the collimator. The object of the paper is to explain the mode of formation 
of these bands. 

In an absolutely perfect grating all the light going to form the spectral line 
of any particular order is brought to a single focus by the objective of the telescope, 
ond the emergent cone of light is bounded by the image of the grating formed by 
the objective (the distance between the grating and the objective being greater 
than the focal length). In the case of a grating containing two rulings differing 
by a small amount the light from each portion will be brought to ita own 
appropriate focus, and the two emergent cones of light will be bounded by the 
corresponding parts of the image of the grating. A screen placed in the position 
of this image would be uniformly illuminated, but if it were moved nearer to the 
lens the boundary between the two rulings would receive light from the cones 

or from neither of them, according to the relative positions of the foci. If the 
screen were moved further from the lens the effect would be exactly reversed, so 
that a light band in one case becomes a dark band in the other. 

The theoretical results, which have been verified by observation, may be 
summarised as follows : — 

Ordevfi on the rif/ht of the central imaf/e (the observer is supposed to be facing 
the grating). — l^ase 1. In passing from a wide to a narrow ruling in going from 
left to right. Focus in, light band. Focus out, dark band. 

Case 2. In passing from a narrow t(» a wide ruling in going from left to right, 
Focus in, dark band. Focus out, light band. 

Ordem on the left of the central image , — The results just given must be 
reversed. 

The bands disappear when the telescope is focussed exactly on the grating. 


5. On, (I new Electromagnet and an Echelon Spectroscope for Magneto-oydic 
Ohserrations, Eg Professor A. Cray, F.E.S.,, and Dr. W, Stewart. 


G. On lie^olving Power in the Microscoiye and Telescope, 
Eg Professor J. D. Everett, F.ILS, 


The author maintains, in oppo.sition to the view put forward iu standard books 
on the microscope, that re.solviiig power, whether in the microscope or the tele- 
scope, depends simply on keeping down the size of the disc wdiich, owing to 
diffraction, is the imago forraeu by the objectiv<' of a luminous point of the object. 
The illumination of the disc diminishes from the centre outwards according to a 
well-known law, first worked out by Airy, becoming zero at a definite distance ; 
hut fur a considerable distance within this limit the illumination is too faint to be 
appreciable, and the visible size of the disc therefore increases with the brightness 
of the luminous point which is imaged. The radius of the disc, reckoned up to 
the theoretical limit of zero illumination, is directly as the wave-length of the 
light employed, and inversely as the sine of the semivertical angle of the cone ot 
rays which emerges from the objective. The etfect of large aperture in the tele- 
scope, or of large N.A. in the microscope, is to increase the sine of this angle, and 
in the same proportion to increase the fineness of representation. ^ 

Dawes’ results for the closeness of double stars which can be just separated by 
a giv’en objective lead to the conclusion that the two discs, corresponding to the 
two nearly equal components of the star, can be just recognised as two when the 
illumination due to one at the centre of the other is about of the central 
illumination ; and Abbe’s determinations of the resolving powers of microscopical 
objectives, as dependent on N.A., lead to exactly the same conclusion for the 
microscope, an agreement which seems to have hitherto escaped attention. 

Abbe’s own view, as stated in the concluding sentence of bis Paper to the 
Iloyal Microscopical Society (vol. i. 1881, p. 423), is: — 

T’he very first atop of every understanding of the microscope is to abapdoR 



570 


REPORT — 1901. 


the gratuitous assumption of our ancestors that microscopical vision is an imitation 
of raacroscopical, and to become familiar with the idea that it is a thing sui 
geyieris,^ 

This view has since been somewhat toned down ; but he still maintains that, 
in the case of such an object as a diatom, there is practically a superposition of 
two images, one -h-j/., *!!!■.:■ coarse outlines and the other the tine details.* 

It is of oour^- l -.r v to mentally divide phenomena into two classes for 
convenience of treatment ; but Huygens’ principle applies equally to the fine and 
the coarse parts of an object ; and there is no way of obtaining true representation 
of fine details, except by giving smallness to the discs which are the images of 
points, seeing that the whole image, coarse and fine parts alike, is built up of these 
discs. 

An important point, wliich is merely presented as an empirical fact in books on 
the microscope, is the enormous benefit derived, in fine work, from employing a 
sub-stage condenser of high quality to throw upon the object the sharpest possible 
achromatic image of a limited portion of the source of illumination, an iris dia- 
phragm, close to the condenser, being employed to assist in the limitation. The 
reason of the benefit is that the influence of large aperture in reducing the size of 
the discs which build up the image depends on the capability of mutual inter- 
ference between all points of a wave-surface sent by a point of the object to the 
focus. Two distant portions of the surface cannot interfere, if they are derived 
from distinctly different parts of the source of illumination. For purposes of 
resolution, aperture counts only so far as it receives illumination from one and 
the same source. If the four quadrants of an aperture are illuminated by four 
separate sources, they will give, instead of a single small round spot, four larger 
spots partially overlapping. 

A subsidiary heneflt conferred by accurate focussing of the 80urc(5 on the 
object is the prevention of the spurious patterns which are formed by the inter- 
ference of light sent from a single point of the source to cliflereiit markings on an 
object. 


7. On the Interference of LiyJit from Indepenrlcnl Sources. 

By G. JoiiNSTONK Stoney, il/.A., D.Si\, F.R.S. 

In the course of an inquiry into tlie distribution of li^ht by \i8ihle objects the 
fact has emerged that lights from independent sources can Ixi made to interfere, 
whatever be their phases and states of polarisation. 

The present abstract is in reference to this point. To make it sufficiently brief, 
it is limited to explaining the method of proof and giving one application to a 
case which is easily dealt with, and where the result can he verified experimentally. 

The investigation starts from the admitted fact that in a transparent isotropic 
medium the undulation spreading outwards from each punctura, or visibh^ j)oint, is 
a train of waves of alternating electro-magnetic stresses of which the wave-fronts are 
surfaces that are nearly spheres, or portions of spheres, concentric witli the 
piinctum, and enlarging with the speed of light in the medium. 

Electro-magnetic stresses require an expenditure of energy to produce them or 
to alter them, and in other respects there are analogies between the electrical 
events with which we shall have to deal and dynamical events. Accordingly, as 
we have a fuller nomenclature of dynamical than of electrical events it will be 
convenient to speak of changes of electro-magnetic stress as motions in the medium, 
of the cause of an alteration of the rate of change as a force, and so on, for this 
purpose employing these and other dynamical terms in a sufficiently generalised 
sense. 

AVe shall also have to assume that it is legitimate to apply the principle of 
reversal to electrical as to dynamical events. 

Let us take a definite case, and suppose tliat P, a punotum or small source of 
light, is situated at a point /in the open mther, from which it radiates light of wave 

* Carjyenter on the Mlcroseope^ 8th edition, p. 64. 
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length X in some or in all directions. P probably acts somewhat like a Hertzian 
vibrator ; but whatever be its inodus operandi it is an agent which makes a disturbance 
in the a3ther and sets up what we may call turmoil in its immediate neighbour- 
hood. This turmoil is of a special kind, its action on the tether beyond adding 
wave after wave to an undulation of regular waves, which advances outwards. 

It is this undulation of regular waves beyond tlie region of turmoil that is the 
light radiated from P. 

T''he aether is competent to propagate these waves forward without external aid 
and by reason of forces developed within itself when strained ; but the turmoil in 
ihe vicinity of P requires that forces supplied by P shall co-operate with the forces 
developed in the medium to keep it going. If P ceased to maintain it, the 
turmoil would quickly disappear alter expending whatever energy had been stored 
up in it in adding a few additional waves to the inner fringe of the great undula- 
tion travelling outwards. 

Let us draw round /a tiny sphere with radius p, which we may call sphere p, 
just sulhciently large to include the region of turmoil. In the case of light, one or 
two wave lengths is a suthcient radius for this sphere, since beyond that short 
distance the events in the mtherdo not dilier sensibly from regular wave-motion. 

P, which emits the light, is a portion of the non-setlier. It is a Lsource’ 
through which energy is transferred from the non-ajther to the aether. By reason 
of its presence the jether is not a ^ self-contained system ’ of the kind which is 
necessary to justify an application to it of the principle of rtwersal. But we can 
bring about this requisite state of isolation by supposing that P, after having 
emitted light for a definite time, say for one minute, not only ceases to emit light, 
but ceases to exist. This total suppression of 1^ cuts otT the communication 
between the mther and the uon-mther, and thenceforward the mther is a self- 
contained system in which we may iinesligale X\\(\furthpr progress of events by 
employing th(^ principle of reversal. It will be convenient to divide time into 
equal intervals — .say into minutes — and the definite supposition we shall make is 
that P emits light of wave length X from the epoch till the epoch f = one 
minute, and that at the close of this period all the contents of the sphere p, including 
1* and the disturbed tether near it, are suddenly anniliilate'd, and quiescent asther 
put in their plac(\ 

By the end of the tirst minute, when these events are supposed to take place, 
the undulation beyond sphere p has extended to a distance from/, which is about 
forty-.seven times the distance from the earth to the moon. After those events 
take place, the undulation continues to advance outwards; and we may now 
employ upon it the juinciple of reversal, with the advantage of being at liberty 
to confine the reversal to the reversal of motions in the mther. This provides us 
with the means of investigating events after the first minute. 

We may also include the events of the tirst minute by iutrodueiug two 
reversals; since by this contrivance we can succeed in reproducing under the new 
conditioiivS, /.c., within a .self-contained lether, precisely the same undulation as 
existed during the tirst minute while P was emitting light. To this end let us 
imagiue the undulation to continue its outward journey for any convenient period 
—say for two minutes after the annihilation of the contents of sphere p. This 
brings us to the epoch three minute.s. At this instant let reversal of all 
motions in the mther take place. The outflowing waves then retrace their steps, 
so that after the reversal the undulation becomes light converging towards the 
focus f. When the time t = eight minutes arrives the undulation has not only con- 
verg^'d upon /, but after passing that focus it has become an undulation of 
divergent, spherical waves, each part of the undulation when passing the focus 
having crossed to the opposite side of /. At the instant ^ = eight minutes let a 
second reversal of all motions in the lether take place. The light which, im- 
mediately before this second reversal, was diverging from / again becomes 
convergent, and within the period from f = teii minutes to t = eleven minutes 
each spherical wave for the second time passes the focus and becomes divergent, 
and each of these divergent waves now finds itself under such circumstances that 
BO soon as it gets beyond little sphere p it bt'comes for all future time an exact. 
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repetition of what the corresponding actual wave emitted by P in the first 
mmut-e was, and what it would have continued to be if neither reversal had taken 
place. 

Hitherto we have only dealt with the undulation as an undulation of splierical 
waves. Let us now go again over the same ground, and avail ourselves of its 
being legitimate to resolve the light into wavelets by Huygens’s theorem. 

In addition to little sphere p, let us draw round / two other spheres with 
radii r and R, r being some moderate length such as a metre, and R a much 
greater length, such as two or three metro-tens.* We shall find it convenient to 
imagine other spheres to be also described round /, viz., the series with radii 
M, 2M, 3M, &c., where M is the length of the journey which light describes 
each minute, which in the open sether is a distance of 1*8 metro-tens. Let us 
now make it our special aim to consider in what way the process we are going to 
apply ^vill remlne the imrt of the undulation of spherical v'aves which lies within 
sphere r. 

As before, let P for the first minute emit light of wave length X. This light 
consists of the spherical waves which travel outwards through the space beyond 
sphere p. At the close of the first minute the foremost wave has reached 
sphere M. Throughout almost the whole of this minute a portion of the 
undulation has been within sphere r, 'which (if r is a metre) is large enough to 
includo from 13 to 25 hundred thousand (according to the colour) of the expanding 
light waves. 

At the end of the minute P and the rest of the contents of sphere p are to 
be annihilated, and quiescent oether is to be substituted for them within tliat 
little sphere. 

Two minutes latter, i.e., when / ~ 3 minutes, the immense undulation of 
spherical waves has got beyond the great sphere 11, and has advanced into the 
spherical shell between spheres 2M and 3X1, leaving quiescent rether behind it. 

At this instant — i.e.y vrhen t S minutes — the first reversal is to take place, 
whereupon the waves that have been hitherto outward bound become inflowing. 

Ijet them pursue their new course after this first reversal until the time 
f = 8 minutes. By that time the undulation has converged upon the focus, has 
passed it, and has again become divergent light, each part of the undulation 
having crossed to the opposite side of /. When the epoch ^ - 8 minutes 
arrives the undulation of spherical waves is travelling outwards, and has reached 
the space between spheres 2M. and 3M, and sphere R lies in the quiescent space 
within the undulation. 

At this instant — 1 >., when t ^ 8 minutes — let the second reversal take place. 
The undulation for the second time travels inwards, and on their inward journey 
the spherical waves come succe-ssively to coincide with sphere R. Accordingly 
if we divide the surface of sphere R into its elements r/o-j, do-^f &c., then by 
Huvgens’s theorem we may subt;titute undulations of hemispherical wavelets 
radiating inwards from the innumerable centres t/o-,, dcr.^, See., to take the place of 
the further progress of the inward-bound undulation of spherical waves. Ae 
these innumerable undulations of wavelets advance, they sweep over the space 
occupied by sphere r, which is two metres across, and ivithin the limits of that 
space the wavelets differ but very little from wavelets that are accurately flat and 
accurately uniform. In this way the converging spherical waves within sphere r 
succeeded by the same waves diverging after they pass the centre of the sphere, 
produce identically the same motion within sphere r as would develop itself if 
the innumerable undulations of nearly plane wavelets described above w^ere 
made to sweep across it simultaneously. It can further be proved that the 
equation of energy is fulfilled in this resolution, and that in every respect the 
resolution is a true physical resolution. 

The next step is an easy one. It is legitimate by an application of the method 
of limits to make the wavelets where they cross sphere r accuraii-ly piiiii.* wavelets 

* A metro-ten is the tenth of the metros or decimal multiples of the rpetrp. 
Ip other words, it is 10*® metres. 
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and accurately uniform^ and at the same time to increase the size of sphere r 
to any desired extent. When this has been done we obtain the following im* 
portant theorem : — 


Theorem I. 

The undulation of spherical waves emitted by a luminous punctiim P situated 
at a point / of a transparent isotropic medium, together with that preceding 
system of waves converging upon /, which would have been followed by this 
same radiation from / if P had been absent — t.e., the complete undulation of 
spherical waves which embraces an entire past history as well as the entire 
future history of the undulation — can be (‘Oinpletely resolved into undulations 
of plane wavelets, each wavelet of unlimited extent in its own plane, and 

uniform throughout that extent. And this resolution is a true physical resolution 
and not merely kinematical. 

An adequate conception of thes<‘ plane-wavelet components can perhaps bo 
best acquired by making temporary use of the hypothesis that the light t^mitted 
by P consists of rays, of the kind with which we are familiar when tlie useful 
liypothesis that light consists of rays is made the basis of the science of 
geometrical optics. Here, however, we are to obliterate these hypothetical rays 
and to substitute for each hypothetical ray a real undulation ot plane wavelets, 
each wavelet having its wave-front perpendicular to the ray, and being of 
unlimited extent in the plane of the wavelet as well as uniiorm throughout that 
extent. To complete the picture the intensity of each undulation (/.e., the 
square of the transversal of t'ach of its wavelets) is to be proportional to the 
intensity which we lm^e to attribute to the corresponding liypothetical ray of 
geometrical optics. As the numbt'r of rays is unlimited, so is the number of the 
undulations of plane wavelets that tak(‘ their place. 

The investigation requires one. other fuiidamentnl tliereom, of which, ns it is 
a well-known theorem, we need only give the enunciation, premising that the 
direction in which an undulation of plane wave.s travels is in an isotropic medium 
perpendicular to tin* wave fronts. 


Theorem Jl. 

Any number of undulations of uniform plane waves, of wave length X, 
advancing in the same direction in an isotropic medium, may be united into a 
single resultant undulation of uniform plane waves travelling in tliat direction. 
(If the undulations to be combined are variously polarised, the resultant undu- 
lation will in general be elliptically polarised.) 

From these fundamental theorems several useful inferences may bo drawn ; 
such as — 


Theorem 111 . 

The whole of the light of wave length > emitted by any visible object, 
whether self-luminous or requiring incident light to render it visible, may be 
lesolved into \indulations of uniform plane wavelets, of which there need be only 
one such undulation provided for each direction towards which light is propa- 
gated from the visible object. 

This is an immediate corollary from Theorems I. and II. 


Theorem IV. 

The light of wave length X traversing any portion of space may he resolved 
into undulations of uniform plane wavelets sweeping oyer that space, of which 
there needs only one such unaulation in each direction. 

This also is a corollary upon Theorems T. and II. 
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Theorem V. 

The light of wave length X which reaches the image of an object formed by 
an optical instrument may be resolved into undulations of uniform plane wave- 
lets, of which only one undulation need he provided for each of the directions 
along which light reaches the image. 

This theorem is a particular case of Tlieorem IV. 

Light may be resolved into wavelets in innumerable ways. Amongst these 
the analysis into undulations of uniform plane wavelets possesses the unique 
advantage that as ea<'h undulation advances through spare neither it nor any of 
its parts undergoes change. Hence 


Theorem VI. 

To estimate the effect produced within a closed space or by the light that has 
reached a given image, it will suilice to draw cylinders enveloping this space or 
image, in all the directions from which liglit comes to it, and to coniine our 
attention to the portion of each undulation of uniform plane wavelets which lies 
within that one of the cylinders which is perpendicular to its wave fronts. 

From this group of theorems others of much interest follow ; but to describe 
the method by which they are derived would necessitate entering upon new ground, 
and would unduly prolong the present abstract. It must therefore sullh^e to say 
that by some of these further propositions a beam or pencil of light is resolved into 
its plane-wavelet components, each of indefinite extent laterally; and that this 
resolution renders possible a study of the phenomena of diffraction gratings when 
the portions of light that reach the individual rellecting strips come from inde- 
pendent sources. 


Some of the IIesults Obtatned. 

These theorems have made it possible to investigate the distribution of the light 
which is thrown off by visible objects, and they explain the cAperimental effects 
seen by Professor Abbe when light was incident upon microscopical objects under 
various limitations as to direction. In the course of the inquiry the total light 
incident on an object, or else the total light which (‘merges from it, has to be 
resolved into its plane-wavelet components ; and it appt^ars on applying this 
method of analysis, either to the incident or to the emergent light, that the por- 
tions of light thrown off by diflerent parts of the object are capable of interfering, 
whether those portions of light had reached the object from tlio same or from 
independent sources. 


Verttication iiY Experiment. 

After confirming these results by a repetition of Abb(‘*s observations and by a 
large range of other experiments with the microscope, it appeared to the writer to 
be desirable to contrive a test experiment which could be carried out wdlli more 
precision than is possible when employing the microscope. 

A ruling of parallel equidistant lines seems from the theoretical point of view 
to be the simplest kind of visible object with detail upon it to be seen. Accord- 
ingly the object chosen for experiment was a UowlaiHi’s diffraction grating with 
a ruling a little more than 4^ centimetres long, and containing about 26,000 
reflecting strips. 

The theoretical investigation indicated that the light thrown off by the grating 
should be in the same directions and have tin; same intensiti(‘8, whether the 
incident light which has reached the several reflecting strips have come from the 
same or from different sources, provided that, if they come from different sources, 
equal intensity of light has reached the several strips. 

To test this Miss E. A. 8toney proposed to bring light from independent sources 
to tjie various papts of the grating oy throwing an imago of the sun upon it ; 
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and the experiment which resulted has most satisfactorily confirmed the prediction 
of theory. 

The light from the sun was reflected from a lioliostat furnished with a 4-inch 
optically flat mirror, worked by Sir Howard Orubb, r.R.S. The mirror is silvered 
on the front, and may be relied on to furnish reflected light capable of forming a 
good image. I'he reflected beam was received by a horizontal telescope furnished 
with a 2-inch objective by Cook and an eyepiece by Watson. 33y this apparatus 
an image of the sun was formed in a vertical plane at a distance of a little more 
than a metre from the telescope, and of a size somewhat larger tlian the Rowland 
grating. Whenever there happened to be minute spots on the sun at the time of 
observation, the image was good enough to show them satisfactorily. 

The surface of the grating was made to coincide with this image, so that the 
light reaching diiferent parts of the grating came from diflerenl parts of the sun. 
At the same time, in consequence of the arrangements described above, all light 
Ti^ached the grating from nearly * tlie same direction, viz., from tlie direction in 
which the tjye-stop of the telescope was seen from the grating. 

When the apparatus was set up in this way, the same full series of bright 
impure spectra were produced as are seen when the* portions of light reaching the 
several reflecting strips come from identical sources. 

Still further to test the predicted n^sult, a spectroscope slit was placed near 
the telescope, in the position of the ey<'-stop of the telescopt*. This r(*duced the 
light forming the image of the sun and impaired its definition, hut still left the 
image good enough to ensure that the light reaching reflecting strips of the 
grating which are somewhat distant from one another came from different 
parts of the sun. The spectrum of the second order on on(i side was then 
viewed through the telescope of the spectrometer, when the Fraunhofer lines 
were well seen in large numhers. The E group in the green was carefully 
examined, and the definition was so good that all but one - of the 30 lines in 
Rowland's great map were seen. The closest doubles that were tibserved to he 
resolved were at 52()5’S in the E group, and the corona line with the iron line 
adjoining it at 5;no*0. The spacing of these doubles is about I of an Angstrom 
unit, \vhich in that part of the spectrum would, according to Lord Rayl»‘igh*s 
formula (A/dX-=2w), reqidiv a grating of 16,000 lines t») resolve them in the 
second spectrum if the grating and the adjastments were perfect. 

The performance as seen was regarded a,s good, consid«*riiig the impossibility in 
some r<‘spects, and the difliculty in others, of getting the adjustments more than 
approximately made : 10,000 lines occupy 2H mm. on the grating, which is more 
than an inch. It therefore extended over a considerable part of the image of the 
sun which illuminated the grating. Moreover, having regard to the fact that 
the hri^'hlni -'- of the light reaching the different reflecting strips was not quite, the 
same, and to tlie other 'Inutcondi g- mentioned ab<we, it seems not unlikely that 
the whole of the 26,000 retlecting strips of tlu* grating were actually in operation 
to produce such definition as was observed. If so, light was made use of from 
parts of the imago of the sun as far asunder as 1-* inch. 

[Notr adtleil October If >01. — The e\]>eriment is very much improved by 
introducing a collimating lens bt*tween the slit and the grating. The lens employed 
is a lens of 73 eni. focus, and was set up at a distance of about 12 cm. in front of 
the grating. It does not sensibly impair the image of the sun formed on the 
grating, and it enables tlie . V ■' ■ ■ * > be fiffh; made which had to be h‘ft 

imperfect before. When ll., ■ ■■ ■ - wore carefully made the spectrum of 

the sun in the second spectrum di<l not apiircciably fall short in either definition, 

• The light reaches all parts of the grating from exactly, and not only nearly, the 
same directions when the collimating lens described in Aote above is added to the 
apparatus. 

The line not seen is the faint chromium line of wave lengtli o275*3I and of 
intensity 00 on Rowland’s scale. It is between two stronger lines, the nearer of 
which is of intensity 1 and ;it a distance of about, a fifteenth of an Angstrom unit. 
This is too close for resolution by a grating of 26,000 lines in its second spectrum. 
The pair are, however, widely separated by the grating that was used in its fifth 
spcc^trum. 
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resolving power, or purity of the best spectrum that can be obtained when the 
spectrometer is employed in its usual way, f.e., with the image of the sun thrown 
on the slit. No doubt, the light being now derived from n large extent of the 
sun’s disc, sharp lines must have been fringed with faint and narrow wings owing 
to the rotation of the sun ; but the wings were too faint and too narrow to be 
visible in the second spectrum.] 

On the whole, the verification of the effect predicted by the new analysis 
appears to be satisfactory. 

A modification of the experiment can be made in the absence of sunshine by 
throwing the image of a flat sodium flame upon the grating, when the D lines will 
be seen beautifully defined, and may be reversed if suitable arrangements are made in 
the flame. But a sodium flame cannot be made truly flat or truly steady so as to 
furnish an image the purity of which may be relied on like that of the sun. The 
solar arrangement for making the experimtmt is therefore to be preferred when 
sunshine and sufficiently good apparatus are available. 


8. A Long Period Solar Variation.^ Ihj William J, 8. Lockyeh. 

This paper consists of a discussion of the observations of the measurement of 
sunspot areas made since the year 1838, this year being the epoch when Schwabe 
commenced bis series of sunspot observations on a systematic basis. The actual 
dates of the epochs of maxima and minima of sunspot area used in this investi- 
gation were those given by Dr. Wolf and Dr. Wolfer. As a check on the work 
the important results of Mr. AVilliam Ellis’ discussion of the Greenwich 
Observations of the Magnetic Elements were utilised, as he has shown that the 
curves representing the magnetic elements are in almost exact accord with that 
representing the solar spotted area. 

In dealing with the sunspot curve the first result of the investigation was 
to indicate that the intervals between a minimum and a following maximum 
varied regularly, the length of this period of variation amounting to a little more 
than three eleven-year periods, or about thirty-five years. The magnetic curves 
examined in the same way indicated precisely a similar variation. 

An inquiry into the amount of spotted area included in each interval between 
consecutive sunspot minima indicated also a regular variation, the period l^ing 
similar to that mentioned above — namely, about thirty -five years. 

Further, it was found that the interval in time between consecutive minima 
was not constant but varied, as far as could be judged, regularly, the length of 
the period increasing and decreasing in alternaie eleven-year periods from a mean 
value. 

The paper then indicated that as the sun may be considered as a ‘ variable ^ 
star, it may be likened to the well-known variable r] AquilcT, the light of which 
changes rather similarly — i’.e., the interval between a minimum and a following 
maximum has a short-period variability, and the period from minimum to minimum 
alters. 

In conclusion the author referred to the important work of Professor Ed. 
Bruckner, who had indicated that the changes of climate were periodical, and 
that the mean length of the period was about thirty-five year.s: to Mr. Charles 
Egeson’s investigations on territorial meteorology for South Australia ; and to 
Professor Ed. Richter’s results on his researches on the movements of glaciers. 

All these investigations indicated clearly a periodical change in the meteorology 
of the earth’s atmosphere, which were the result of this thirty-five yearly solar 
period, as shown by the correspondence of the respective epochs. 

The paper then indicated that the next ^ great ' maximum of sunspots, similar 
to that of 1870 and 1835, should occur at the approaching maximum, and it 
would be interesting to see whether all the solar, meteorological, and magnetic 
phenomena of those two periods were repeated. 

* See Proc. Royal Soc. vol. Ixviii. p. 287). 
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The conclusions drawn from the whole investigation were as follows : — 

1. There is an alternate increase and decrease in the length of a sunspot period, 
reckoning from minimum to minimum. 

2. The epoch of maximum varies regularly with respect to the preceding 
minimum. 

The amplitude of this variation about the mean position is about 
± 0 8 year. 

The cycle of this variation is about thirty-five years. 

•3. The total spotted area included between any two consecutive minima 
varies regularly. 

The cycle of this variation is about thirty-five years. 

4. There is no indication of the fifty-five-year period as suggested by Dr. AVolf. 

(5. The climate variations indicated by Professor Briickner are generally in 
accordance with the thirty^five-year period. 

fi. The frequency of aurorae and magnetic storms shows indications of a secular 
period of thirty-five years. 


Dej’autmknt II. — Meteokoi.ogy, 

Tin? following Report and Papers were read : — 

1. lieport on Meteorological Observations on Ben Nevis^ 
5See Reports, p. 54. 


2. The Seismograph as a Sensitive, Barometer. 

By K. Napieii Denison, Meteorological Office^ Victoria^ B,C. 

Since the installation of a * Milne ’ Seismograph in connection with the Meteoro- 
logical Ollice at A'ictoria, B.C., in September 1808, the author has taken up the 
study of the various movements of the horizontal pendulum apart from those 
caused by earthquakes. 

In order to make a thorough in\ estigation of this phenomenon, the author has 
taken the photographic records from this instrument for the years 1800 and 1000, 
amounting to over 3,000 feet of paper, and with a millimetre and time scale has 
measured the amounts and times of occurrence of all changes, including the diurnal 
and longer period deflections. These observations have been entered .* .i 
designed register, and as these observations are often of sulHcient am:! 
necessitate the resetting of the boom by altering the levelling adjustment, it has 
been necessary to correct the above readings in order that the true and continuous 
movement be obtained during these years. 

By studying these corrected observations in conjunction with the Victoria 
Synoptic Weather Charts, the author became convinced that most of these move- 
ments were due to meteorological causes. In order therefore to be able to pursue 
this study further, he has plotted these observations upon *1 inch squared paper: 
the iime scale used was 2*4 inches per day, and -1 inch to equal one millimetre. 
Above' this curve for each mouth was ])iottod the Victoria barometer from the tri- 
daily observations, and surmounting this was entered the tri-daily record of the 
direction and velocity of the winds and precipitation. 

The results from the plottings for the year 1801) when studied in conjunction 
with the corresponding weather charts proved so interesting that a brief paper 
upon this subject was read before the last meeting of the Koyal Meteorological 
Society. Since then the author has completed the plottings for 1000, and, in order 
to increase their Mvlue, has added the Victoria tidal curve also. 
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The following notes have been deduced from these observations: — 

(1) The crust of the earth is depressed under areas of high barometric pressure, 
and elevated under areas of low pressure. 

(3) When the barometer is high over the Pacific slope from British Columbia 
to California and low over the adjacent ocean, tiie horizontal pendulum isdefiected 
towards the east. 

f3) When the barometer is high off the coast and low over the Pacific slope, 
the norizontal pendulum is deflected towards the west. 

(4) The horizontal pendulum tends to move east during the winter months and 
west throughout the summer. 

(6) The total westerly movement (-ijn«fyin.r a depression of the coast) ex- 
ceeds the easterly swing for the year ittuJ by o4*0 millimetres and by 20-7 for 
1900. 

fO) When an extensive ocean storm area is approaching the coast of Van- 
couver Island, while the barometer is high over the Pacific slope, the pendulum will 
steadily travel eastward before the coast barometers b‘gin to fall, or its presence 
is noticeable upon the synoptic weather chart. 

J r) Should such a storm be followed by an extensive high pressure area, the 
Ilium will turn and move steadily toward the westward, sometime before the 
local barometer begins to rise and before the winds have shifted to the westward. 

(8) Should an important storm area move down the coast from Alaska and 
be followed by an extensive one of high pressure and a cold wave ••\te!nliiiL'' from 
the Yukon south-eastward, the pendulum swings to the westward, )■.‘^.lro the 

storm has reached thi.s latitude. These are termed abnormal winter movements, 
and cause the few cold days experienced in this vicinity. 

(9) The greatest monthly range occurs during the stormy winter months, and 
the smallest range takes place during the summer type of almost continuous tine 
weather. 

(10) The diurnal range is most pronounced during the summer months, whim 
the greatest amount of sunshine is recorded, and the least amount of rain. 

(11) Fine weather is usually preceded by a westerly movement of the pendu- 
lum, due to an approaching ocean high area which spreads inland over the province, 
while further south the barometer is comparatively low. 

(12) A careful perusal of the two years^ plottings proves that during the 
normal type of summer and winter barometric di.stribution the Ijarometer and 
pendulum curves tend to come to^'i*lher a- areas of low pressure approach the coast, 
and diverge when high areas follow the same course. 

The above brief and incomplete summary of deductions derived from these two 
years’ observations is respectfully submitted with a strong desire that this invest i- 
gatiou bo taken up by a special committee, and if this study of the pendulum’s 
warnings tends to aid the forecasting of ocean storms upon this distant seaboard of 
the empire, may not a similar study at homo lead to the adoption of simple 
seismographs throughout the kingdom to be used as sensitive barometers, as an aid 
in warning the advent of the great Atlantic storms before they reach the western 
coast i' 

3. On Meteorological Vhenomnm in Relation to Changes in the Vertical. 
Ihj Professor J. Milnk, F.R.H. 


V^ELNESDAY, SEPTEMBER 18. 

The following Report and Papers were read:— 

L Repwt on the Determirw.iion of Mag^ietic Force on Board Ship* 
See Reports, p. 29. 
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2, On a JS’ew Fonn of Instrumfiut for Ohsrrviny the Magmiic Dip and 
Intensity on Boa/rd Ship at Sea. By Captain E. W, Creak, C.B.^ 
F.B.S. Sec Reports, p. 29. 

o. N'ote on some Results obtained with the Self recording Instruments 
for the xVntarctic Expedition. By Dr. R. T. Glazkurook, F.R.S. 


4. On a Determination by a Thermal Method of the Variation of the 
Critical Velocity of Water with Temperature. By H. T. Barnes, 
M.A.Se.^ D.Se., Lecturer in Physics, and Ft. G. Coker, M.A., D.Sc., 
Assistant Professor of Civil Engineering, McGill University, 
Montreal. 

The critical velocity, or p(»iiit at which the How of water through a pipe 
changes from stream-line to eddy motion, lias been the subject of a series of 
experiments by Osborne lieynolds from the philosophical as well as the practical 
aspect . 'Fwo methods, which are too well known to require description, were 
ado])ted in his experiments — the method of colour bands and the determination of 
the law of resistance governing tlie flow at velocities above and below the critical 
velocity. From the results of liis w'^ork Reynolds \va8 able to verify certain mathe- 
matical deductions as to the eflect of viscosity and diameter, which led to exceed- 
ingly simple expressions for determining the change in the flow. The eflect of 
temperature was, however, less comph'Udy verified. In so far as the critical 
velocity is dependent on tluj viscositv, the temperature eoeflicient of the viscosity 
was taken as representing this temperature change. General experimental results 
indicated, at least approximately, that the law of Poiseuille for the flow through 
capillary tubes held for the critical velocity between 4® and 22"^ G. It was deemc^d 
desirable by the. authors, on account of the large eflect produced by temperature, 
to determine tins eoeflicient directly by a new method, and more especially as the 
law of Poiseuille itself was deduced from experiments ranging only as high as 
4ry^ 0. 

In the pn‘>eiit paper a new thermal method of measurement is described, and 
also e\])ei'imeiits by this method with a brass pipe 0*414 inch in diameter at 
different temperatures between 16® and 86® 0., together with the general results 
so far as it is yet possible to communicate them, showing the reformation under 
perfectly steady and uniform conditions of the stream-line flow at velocities very 
much aiiove tin? critical point measured by Reynolds. 


Thermal Method of Measuring Critical Velocity. 

Ifwater be heated while flowing through tubes in stream-line motion, the distri- 
bution of heat throughout the water column is not uniform. In the case where the 
heat is applicnl at the outside of the tube, as in the experiments ol L. Graetz, only 
the few layers which are almost stationary in din»ct contact with tlie tube will be 
heated, while the inflow water, which passes din'Ctly through the central portion 
•at a much greater velocity, will remain almost entirely unheated. In the case 
where the heat is received from a central wire, the heat is carried off by the 
•quickly moving water in a cloak as it wore around the wire, leaving the sides of 
tlie tube unheated. At and beyond the point where eddies make their appearance 
in the flow, the entire column of water is mixed and stirred, and the temperature 
‘distribution becomes uniform. The point of change, or the critical velocity, may 
be then very clearly defined by observing the sudden increase in the temperature 
of the flowing water. In some of the first experiments this change of tempera- 
ture was observed by noting the increase in resistance of a platinum wire threaded 
through the centre of the tube heated on the outside, and the preliminary results 
showed that the presence of a wire of 6 mils’ thickness in a tuoe of about 4 inch 
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in diameti r ’i. -l .-.j'imip. n*ly no measurable influence in causing nn earlier breabiog 
up of the .'-iroain-liii- il'i-.i / Although the electrothermal method of meMuremenI 
was quite satisfactory, it was found that the point of change was determined more 
gimply by placing the bulb of a sensitive mercury thermometer in the path of the 
water as it emerged from the tube, and this had also the additional advantage of 
showing the true temperature of the water. A glass prolongation, of slightly 
greater diameter and connected carefully to the brass pipe by a specially con- 
structed cone or adapter, enabled the reaaing of the thermometer to be observed. 
It was a matter of considerable surprise to the authors to see the very sudden way in 
which the reading of the thermometer indicated the point of change in the character 
of the flow by an almost instantaneous change of reading. That the change in 
the ■ . V" ; i! 1: '-I'-s the critical point was shown by introducing a colour band in 
the ■ \ . ;:i which case the band disappeared at the same moment the jump 

in the thermometer thread took place. 

Since in the experiments the tube was heated on the outside, it might at first 
sight appear that the temperature difFerence between the layers of water in direct 
contact and the central column might produce a disturbing action on the flow, but 
as this temperature difference was always small, the total jump in the thermometer 
being seldom over a few tenths of a degree, the disturbance, if any, was reduced 
to a minimum. Moreover, special experiments were repeatedly made to determine 
a possible disturbing eflect oy maintaining the temperature of the walls of the 
tube at different points above and below the water in the tube, but none could bo 
detected. 

It was necessary to have only a few degrees difference in temperature beiweeji 
the walls of the tube and inflow water to obtain a measurable reading. 


Domription vf the Apparatus. 

We were fortunate in having at our disposal, through the kindness of Dean 
Bovey, the facilities aftbrded by the hydraulic laboratory, where the large experi- 
mental tank, feet high and 25 square feet in area, served admirably for a 
reservoir. The tank stood on the bed rock, and was therefore free from vibration 
or disturbance, and after the eddies had died out, occasioned by filling, the water 
was in as completely ({uiet a state as possible. The water u.sed for the experi- 
ments was supplied from the Montreal mains, and was quite clear. It would not 
have been possible to use distilled water owing to the large quantity required, but 
every precaution was taken in the way of repeated cleaning to have the water 
pure. . 

The rest of the apparatus was designed, and for the most part constructed, in 
the laboratory, and served admirably for fulfilling the required conditions for 
carrying out the experiments. Subsequently it was found that by a few simple 
alterations the method of colour hands could be used as well for the experimonfs 
with the large pipes. 

Each of the metal pipes studied ^vas fltted with n metal trumpet flare to direct 
the flow as it entered, the point of junction being very carefully smoothed so as to 
produce no disturbing action. The walls of tlmso pipes were maintained at a con- 
stant temperature, above or below the temperature of the water flowing through, 
by means of n jacket, through whicli water was circulated by a centrifugal pump. 
A graduated valve regulated the flow, which was caught and measured iu an 
accurately calibrated copper measure. 

Experimental Results. 

Two tables are given, the first showing the effect produced by increasing tlio 
Lead of water in slightly increasing the critical velocity; and the second, the 
eflect of temperature between 16° and 86° C. These experiments were made with 
the 0'414-incli brass pipe. 

Two other tables are given, one showing the agreement of the observations of 
Reynolds by the method of colour bands with those of the iththors, when reduced 
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to a size of pipe equal to theirs, and the other showing that the observations of 
tteynolds between 4° and 22° C. give a closer a^eement with the authors’ temper- 
ature formula than with the forihula of Poiseuille. 

The law showing the dependence of the critical velocity on the temperature 
obtained by the authors may be stated thus : — 

1‘ =/ (T) = (1 + -OSOOT + -oooro^^T) ~ ' 
botv'een 15° and 80° C. ; while the law of Poiseuille reads 
(1 -I- *033081 + •00221TO “ ' 

between 0° and 45’ 0. 

Experiments on Streanv-Unc Flow at High Velocities. 

It was found further that the unusually steady conditions obtained in the large 
tank conduced to some ii:** !-- results in regard to stream-line flow at high 
velocities. For certain si/ - n*' pip*-.-, over half an inch to as large as the authors 
have yet used, ?.e., 2} inches, the How re-formed again to stream-line above the 
critical ])oint of Uevnolds, and persisted apparently as the stable flow to velocities 
ranging from 12 to 20 feet per second. Beyond these velocities they were unable 
to go, but in some instai.ces no sign of breaking down occurred at these points. 

Two experiments were tried, which illubtrate clearly that water flowing with 
a pci’fectly smooth, unruillcd surface is in stream-line motion. A circular orifice 
was insi'rted in the. side of the tank, which gave a clear rod-like jet of water that 
issued horizontally under a high head and curved in a parabolic arc under gravity* 
After all initial disturbances had died out in the tank a colour band was intro- 
duced by bringing the colour tube to within about 3 inches of the centre of 
the orifice, A clearly defined and 8harx> luio of colour threaded its way through 
tlio jot of water, shifting slowly from centre to side and back to centre agam^ 
allected probably by slight moVements in the tank. This thread of colour was 
<Ustinctly visible down to the point where the jet of water impinged against the 
waste weir, a distance of 15 feet. By introducing an excess of colour a similar 
phenomenon to the breaking down of the stream-line flow in a tube was noted, 
aind the jet Iw^came suflused with colour, broken, and unsteady up to within a foot 
or two of the orifice. On reducing the quantity of colour the stream-lines 
re-formed and the xvaiicr became smooth, clear, and steady, threaded by the sharp 
line of colour as before. Two sharp-edged orifices were tried, ^ and 2.^ inches 
diameter respectively, xvith coefiicionts of discharge equal to 0*070. With the 
lieads used tha' highest velocity reached by the outflowing water, calculated in 
the usual way from the formula 

V- 0*970^/2^4 


was 30 feet per second. 


5. Thu InUirforrnce and Pokirimtion of Electric Waves. 
Jig Professor (J. Quinckk. Sec Reports, p. 39. 


6. On the Efjecls of Miufnetisation on the Electrical Gondactivitg of IroHt 
and Nickel. Eg Guy Baulow, E.Sc. 

The object of the experiments was to determine whether any simple relation 
exists between the change of electrical resistance and the intensity of magnetisatioti 
ill iron and nickel wire when magnetised longitudinally. The eiiects of hyatere^ 
as shown by the magnetic change of resistance were also examined. 

The Wheatatoue Bridge method xvas employed, with a bridge wire of low 
resistance. The experimental wire was wound longitudinally on a thin rod of 

1901 oo 
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wood, the ^ comparison ’ coll being of copper, and wound close to it on the same 
bobbin. These coils were enclosed in a glass tube and placed within the 
magnetising coil which was provided with a waters acket. 

Auxiliary coils of German silver were coniiectecl in the other two arms of the 
bridge so as to increase the sensibility of the aiTongement. The magnetisation 
was determined by the ballistic method. Wires of iron, steel, and nickel were 
examined. The curves of * ascending reversals ’ were obtained for the changt^ of 
resistance and for the mncOfiotisatinn. A comparison of these curves shows the 
manner in which the of n^Histance depends on the magnetisation. The 

results obtained by this method showed that the change of resistance is not 
proportional to any single powder of the magnetisation, but cun be represented by a 
function of the type + />!* + cl'’. 

Hysteresis loops were also obtained showing the elfect of cyclic variations 
of field on the change of resistance and on the magnetisation in the same 
specimens. These curves show that the change of resistance vanishes in the cych^ 
Ivhen the magnetisation vanishes, but the change of resistance shows considerable 
hysteresis with regard to the magnetisation. 

7. The Injluence of a Magnetic Field on the Visctmlf/ of Mag nrtisahk 
Liquids. By Professor A. Grav, F.K.^^. 


8. The Injluence of a Maynetic Field on the Viscnsify of Maynetisahh 
Solids. By Professor A. Guay, F.B.S. 


, 9. Magnetisation of Electrolytic Nickel. 

By Jamks W. Peck ar^ Robert A. Houstoun. 

An account is given of experiments in progress to di‘terniin«» tlio magnetic 
quality of electrolytically deposited nickel. I’he method of deposition i'<dc8crilH‘d, 
and the difficulty of getting adherent deposits of sufficient thickness is pointed 
out. Magnetic measurements (by the ballistic step-bv-step inetho<l) made upon 
the nickel are ^veu, and for purposes of comparlsou similar measurements for 
specially pure nickel wires are made. These wires contained only from 0-25 per 
Cent, to 0‘42 per cent, of impurity (chiefly iron). \'ahi(*8 for !l, I, H, A*, /i are 
given ; and hysteresis cycles and permeability curves are drawn o»it. A moving 
coil galvanometer (as recommended by Ewing) is used for many of the ballistic 
measurements^ and is found to bo very convenient. 


10. New Form of Permeanieter. By Professor F. G. Bailv, M.A. 

The apparatus depends on the measurement of the ratio of I> to 11 in the 
sample. A Complete magnetic circuit is formed by two lengths of llu* sample 
joined by short iron blocks at the ends. Magnetising coils are placed round the 
sample. In one of the blocks is a narrow gap perjiendiculur to the direction of the 
lines of force. Above tbi.s is pivoted a pair of astatic magnets. 'Fhe lower 
magnet is influenced by the dilfereuce of magnetic potential between the two sides 
of the gap, the force being proportional to B. Round the upper magnet is placed 
a small coil in series with the main magnetising coils, which acts on the magnet 
with a force proportional to II. Using the principle of the sine galvanomoter, the 
Coil is rotated until the two forces are oalancofl, the position of the magnet, system 

being along the line of the gap. Tl.on fi = The coil is shaped to give 

hn almost unifom scale through some ^ of arc, and the permeability is read 
dirflpt.1v on thfl Rpnlfl. 
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The scale is calibrated for a standard size of specimen, and the value for any 
other size is obtained by inultiplving' by the ratio. A wide range is obtained by 
using only a part of the magnetising coils when the permeability is high. 

The masriifti-in? force is read on a separate instrument, such as a suitable 
amperemeter. Itegulatiug resistances, a reversing switch for demagnetising, and 
a switch for altering the range are added. 


11. Note Oil the Coherer. Jhj Professor James Blytii, J/.yl., LL.D. 

TJie f)bject of this note is to draw attention to some experimental results con- 
nected with the ordinary iilings-coherer, which I can hardly think are new, but 
which I have not. seen specially noticed. 

When a coherer is placed in circuit with a battery, and when no current 
passes througli it, it is obvious that its terminals must correspond to the charged 
plates of a condens!»r, and that the J^.D. between them 
must he equal to llie K.M.F. of tin* hatterv. J^et AB E 

he the coherer and V. the battery, then the iM). between ^ 

A and B is equal to the K.M.F. of C. If now A and B be ^ ^ \ 

connected for an instant 1)v a circuit cnnUiniiig a coil F ( j 

having .self- induct ion, th(» coherer AB will lx» found to /q 

have assumed the conducting instead of the insulating ^ T v 

condition. Thijj can be tested by switching a galvano- / \ 

meter into the battery circuit and observing the detlec- [ j 

tion. If, however, the coherer AH be short-circuited I j 

for nil instant by a coil having the same resistance as F, V y 

but wound so us to have no self-induction, the coherer i 

d<)(»s not become a conductor. 

Tliis would seem to show that the dis(*harge of the 
condenst*r-colierer must he of a distinctly oscillatory nature before the wcll-kuown 
effect of coherence is produced. 

The next result 1 have to refer to de]^uids essentially on the same cause. 

Let two coherers AB and (’J) be included in the same circuit with a 
battery F and a galvanometer or hell CL A1 m 3 let a Vo^^s machine be placed 
near AB so as to produce an 

oscillatory spark near AB, but f, 

let FI) he placed so far away 
as to be beyond the direct 

action of the spark ; then in / \ 

general it will he found that ( A B C / 

when A B becomes a conductor n » S y/ 

suddenly the jerk given to (’I) ’ 

is sutheient to make it also a 

coiidiiclor, and the galvanometer will deflect or the bell ring. If FB be now- 
tapped, tlio bell stops, a It hough AB has lieen left untcmched. This shows that 
if one coherer in a circuit suddenly assumt's the conducting condition all other 
eoherers in the saun' circuit tend to do i h(' same. 
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Section B.— CHEMISTRY. 

Peesident or the Section— Professor Pbecy F. Fkankland, Ph.l),, F.R.Si 


TEUnSDAY, SEPTEMBER 12. 

The President delivered the following Address: — 

The Position of BHtish Chemistnj at the Dawn of the Tfcentieth Ccntnrij^ 

Two circumstances unite in rendering this year especially appropriate for the 
survey and valuation of all departments of British life and organisation — the 
dawn of a new century, the close of the Victorian era. It is a moment when not 
only the nation as a whole, but every group of ])erson8 drawn together by what- 
ever bond, and indeed each individual for himself, must involuntarily ask the 
question, Are we progressing or receding, or are we standing still H Upon us, 
then, who are bound together by the common interest which we have in that 
science to which this Section is devoted there forces itself the question, \Vhat is 
the position of British Chemistry at the present moment, how does this present 
bear comparison with the past, and what are the prospects for the future V 

To bring before you some considerations with respect to the answer which 
should be given to this question, or rather series of questions, will bo my 
endeavour in responding to the honour which has Ijeen conferred on me of 
inaugurating the work of our Section at this Meeting of the Association. 

It is with no light heart that I undertake this task, for there are present here 
to-day those whose much longer experience and far more intimate connection with 
the progress of our science render it presumption on my part to address them on 
this subject at all. 

It Is well known that the history of British Chemistry, as indeed that ot 
British Science in general, is a very remarkable one : it is almost entirely made up 
of achievements which are the result of private initiative ; and the persons who 
have taken part in the making of this history have, wdih some notable exceptions, 
not been servants of the State, and have thus differed from the makers of scientific 
history in almost every other country in the world. Thus the opportunities for 
the investigations which are recorded in the * Transactions ’ of our Chemical 
Society have, for the most part, not been provided out of the public purse, but 
by pnvate individuals or by institutions which have been created by private 
benefaction. 

'fhis unique condition of things is well illustrated by taking up a volume of 
the * Chemical Society’s Journal ’ and glancing at the table of contents. 

Thus in the volume for 1881, taken at random, wo find that, out of the seventy- 
five original communications which it contains, only thirteen emanate from 
Government laboratories, whilst w^hat will surely not a little surprise the scientific 
historian of some centuries hence is the circumstance that there are only four 
communications from the so-called 'ancient seats of learning’ of the united 
Kingdom, no fewer than three of which are by one and the same investigator. 
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Again, most noteworthy is the fact that as many as five contributions are from 
distinguished amateurs. We have been told, on what many persons regard as 
high authority, that England is suffering from amateurism in all departments of 
life ; and however true this may be as a general proposition, the amateurs of 
Britisli Science, like Gladstone, Schunck, and Perkin amongst living chemists, are 
assuredly some of the most valued possessions of this country. 

On looking back a quarter of a century into the past it is at once apparent 
how greatly during that short period of time — less tlian a generation of men — 
have the opportunities for higher chemical training been extended and multiplied 
in our midst. I think I shall not he far wrong in saying that until twenty-five 
years ago practically the only public laboratories in which the higher study of 
chemistry could be pursued were those of the Itoyal College of Chemistry, the 
Iloyal Institution, of University and King’s Colleges, London, the University 
laboratories of England, Scotland, and Ireland, as well as those of the Queen’s 
Colleges and of the Iloyal College of Science in the sister island : to which must 
be added the laboratories of two institutions of a somewhat different type, via., 
Owens College, Manchester, and Anderson’s College, in this great city of the 
north. It is the rapid multiplication of institutions of the Owens College type 
that constitutes probably the most important feature in the higher intellectual 
development of the population of this country during the past quarter of a 
century; indeed, it may very possibly be found in the future tliat this constitutes 
the most striking landmark in the history of British intellectual progress during 
recent times. A glance at the following table will show the remarkably rapid 
growth of these institutions during the last quarter of the nineteenth century: — 


Oponiim of Universitt/ Colleges, 


University College, London . 
King’s College, London 
Owens College, Manchester . 
Durham College of Science, New- 
castle .... 
University College, Aberystwith 
Yorkshire College, Leeds 
University College, Bristol . 


1828 

1881 

1851 


1871 

1872 I 

1875 i 

1876 1 


University C ’loLre, Nh Mingham 
Firth College, Sle 
Mason College, Birmingham 
University College, Liverpool 
University College, Dundee . 
University College, Cardiff . 
University College, Bangor . 


Finsbury Technical College \ 
Central Institution | 


City Guilds 


ri883 

11885 


1877 

1879 

1880 
1882 
1882 
1883 
1881 


Thus tl * of the greater number of these institutions falls within the 

decade ] ■» . ■ ■■ i 

The benefits arising from the creation of these numerous institutions have 
not, however, been by any means limited to those persons who have actually taken 
advantage of their instruction, for their existence has stimulated the establish- 
ment of many other institutions, some of which, like the two Colleges founded 
and maintained out of the resources of the City and Guilds of London, although 
more limited in their scope, afford equal or even greater opportunities for higher 
scientific training in the particular branches which are represented. 

The foundation of these University Colleges and of other institutions for 
higher education by private initiative, and without a particle of assistance from 
the public exchequer, is quite in keeping with the history of a country in which 
it is ’•ecognised that the Government does not lead, but only follows where it is 
drawn or propelled. 

It would certainly be anticipated that such a large addition to the machinery 
for higher scientific training as is represented by tlie creation of these numerous 
local colleges during the past twentj^-five years would have had a marked 
influence on the output of scientific discovery in this country. We will endeavour 
to ascertain whether such a result is discernible in the case of chemical science. 
Turning to the ‘Transactions of the Chemical Society,’ I have compiled the 
following table in the hope of obtaining some information on this point ; 
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Original Communicationa in the Transactions of the Che^nical Society, 


1849 . 

. 29 

1802 . 

. 81 

1875 . 

. 49 

1888 . 

. 75 

1850 . 

. 33 

1863 . 

. 51 

1876 . 

. 54 

1889 . 

. 71 

1851 . 

. 33 

1864 . 

. 54 

1877 . 

. 58 

1890 . 

. 71 

1852 . 

. 28 

1865 . 

. 49 

1878 . 

. 61 

1891 . 

. 95 

1853 . 

. 22 

1866 . 

. 47 

1879 . 

. 84 

1892 . 

. 90 

1854 . 

. 23 

1867 . 

. 49 

1880 . 

. 75 

1893 . 

. 104 

1865 . 

. 30 

1868 . 

. 47 

1881 . 

. 75 

1894 . 

. 83 

1 1856 . 

. 14 

* 1869 . 

. 37 

1882 . 

. 65 

1895 . 

. 116 

1857 . 

. 14 

; 1870 . 

. :i8 i 

' 1883 . 

. 63 

1896 . 

. 117 

1858 . 

. 30 I 

1 1871 . 

. 28 : 

: 1884 . 

. 67 

' 1897 . 

. 114 

1 1869 . 

. 21 

I 1872 . 

. 32 , 

, 1885 . 

. 85 

i 1898 . 

. 102 

1860 . 

. 26 1 

1 1873 . 

. 46 

, 1886 . 

. 85 

1 1899 . 

. 120 1 

1861 . 

. 32 1 

I 1874 . 

. 49 

1887 . 

. 88 i 

1900 . 

. 127 j 


I i I 


The information furnished by these figures is also presented in a graphic form 
by means of the lower curve in the diagram facing p. 593. 

The activity displayed in chemical research, as measured by the number of 
original communications to the Chemical Society, is, however, beat followed by a 
consideration of the aggregate number of papers contributed during the three 
following decades: — 


Total Niimbor of Papers in 

Decade ‘ Transactions of Chemical Society^ 

1855-1861 352 

1865-1874 422 

1875-1884 ()41 

1885-1894 847 


From these figures* it is manifest, even without the application of any of those 
mathematical processes in which modern chemists arc becoming so expert, that 
the most remarkable increase in the number of original investigations is indeed 
coincident with that decade, 1875-1884, in which the great majority of the 
institutions to which I have referred began to throw their prismatic rays of 
knowledge on many thousands who until then were sitting in shadow or even in 
darkness. 

That these new institutions should have so immediately borne fruit in the 
manner I have indicated cannot fail to be surprising to those who have been 
associated with the early years of almost any of these colleges, for when a faithful 
record of the experiences of their first professors is written the extraordinary 
obstacles which these pioneers had to encounter, and which in so many cases they 
successfully overcame, should afford material for a most remarkable, instructive, 
and even amusing volume. The worthy founders and their executors or trustees 
appear in general to have supposed that it was only necessary to provide a 
spacious building, and then appoint a staff of professors who were to do the rest, 
whilst the necessity of funds for annual upkeep, for libraries, and for assistants 
was almost overlooked. 

It has indeed been learnt by bitter experience that the cost of efficiently 
maintaining institutions of this most ambitious character is enormously greater 
than was supposed in this country twenty-five years ago, and that founding a 
college, far from resembling the inauguration of a remunerative business, is very 
like entrance into the bond of matrimony, with its attendant annually increasing 
demand upon the pecuniary resources of the paterfamilias. 

It would not indeed be surprising if some of these modern colleges had been 
long debarred from contributing directly to the progress of scientific investigation 
in this country, for this was often assuredly considered amongst the least of the 
many arduous duties imposed upon their first professors. Ascertained capacity to 
enrich science wae in some ce-ses almost a presumptive disqualification for tUeir 
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cliairs, or at an^ rate took a back seat beside enthusiasm for evening classes and 
faith in the efticacy of that mysterious panacea * technical instruction/ It is 
Indeed lamentable to think of the valuable years of productive work lost to the 
country through so much of the energy of these early professors having been 
sacrificed to these veritable fetishes of our would-be educational reformers. 

Notwithstanding the unfavourable conditions under which most of those 
university colleges had in the first instance to carry on work, it was not long 
before they showed that they were to become, even during the tenure of office of 
their first professors, important centres for the prosecution of research — at least 
as far as chemical science was concerntid. Owens College had indeed already 
led the way in this matter before the period with which I am more especially 
concerned to-day, for there the first professor of chemistry had pursued his 
memorable investigations on the organo-metallic compounds, and had, within the 
first five years after the foundation of the College, enunciated that generalisation 
which was subsequently extended into the law of valency ; whilst under his suc- 
cessors, Sir Henry lloscoe, Schorlemmer, Harold Dixon, and Perkin, jun., the Owens 
College has become perhaps the largest and best equipped school of scientific 
chemistry in the British Islands. 

From the Yorkshire College, Leeds, opened in 1875, there proceeded imme» 
diately in rapid succession that whole series of careful investigations relating 
more especially to specific volume and other physical constants which we associate 
with its first chemical professor, Thorpe, and his coadjutors. 

In the west of England, where tlie University College of Bristol was opened 
in 1876, the chair of chemistry was first occupied by the man who has so recently 
once more proved to the world that there are discoveries mode in these islands 
which for striking originality and independence are unsurpassed and hardly 
equalled elsewhere. It was during his tenure of the chair at Bristol that 
Uanisay, assisted by his able fellow-worker and successor Sidney Young, carried 
out those important and most laborious . . ipoiir pressure and 

the thermal properties of liquids which ■ ■ ! . . : his extraordinary 

fertility and resource as an experimenter, but also revealed that exceptional 
freshness of mind which has enabled him to discern new methods of attacking 
problems that have already engaged the attention of many able men before 
him. 

Turning from the west of England to the Midlands, where, in 1880, there was 
founded, through the private munificence of the late Sir Josiah Mason, a college 
bearing liis name, which, before even attaining its majoritv, was transformed at 
the psychological moment, as by the wand of the magician, into the University of 
Birmingham. The first professor of chemistry at the Mason College, my dis- 
tinguished predecessor, Tildeu, soon made opportunity there to continue those 
early researches on the terpenes with which lus name will always be associated. 
We find him also further elaborating the important uses as a reagent of nitrosyl 
chloride, which he liad a number of years previously shown how to prepare in a 
state of purity, and which has played a somewhat similar part in the exploration 
of the terp(‘ne hydrocarbons that phenylliydrazine has done in the elucidation of 
the sugar-group. In addition to these investigations we find Tilden at Birmingr 
ham also turning his attention to some of the phenomena attending the solution of 
salts. The younger men attached to the Mason College also found there fhe oppor- 
tunity of enriching chemical science with the results of notable investigations; fqr 
do we not all remember Thomas Turners valuable contributions to our know- 
ledge of the influence of chemical co^nposition on the physical and mechanical 
properties of cast iron Whilst early amongst those detailed investigations on 
the phenomena of solution, which ip recent years have had such far-reaching 
effects on the development of our science, must he mentioned Dr. Nicol’s experi- 
tnents pn the volume changes attending the mixture of salt solutions, and on 
the molecular volume, the boiling-point, and expansion of such solutions. 

In the bleak north-east of our island, at Dundee, where a college was foxmded 
in 1882 with an extremely handsome endowment by members of the Baxter 
family, the first professor of chpmistrjjr, Cftrnelley, fire4 by tj^at restless and almost 
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perfervid energy which doubtless hastened his untimely end, soon found oppor- 
tunity to interrogate Nature in various directions, notwithstanding the arduous 
teaching duties which his insatiable love of work had imposed upon himself. Thus, 
already in 1884, we find him, in his quest for material which should throw light 
on the periodic relationship of the elements, continuing his laborious work on 
melting-points and publishing those two ponderous quarto volumes in which every 
known melting-point was recorded, and forming truly one of the most remarkable 
compilations ever attempted in our science. Of these volumes he might indeed 
have said, ^ Exegi monumentum lere perennius,’ for they will assuredly prove a 
record of the boundless energy which characterised tlie man, more imperishable 
even than the memorial tablet erected by his admiring students and friends in 
the entrance hall of the Dundee laboratory, which be built and loved so well. 

Yet another chemist, whose untimely death we have had to lament during the 
past twenty years, laboured with marlved zeal in one of these new colleges, for it 
was at Aberystwith that Humpidge, regardless of bis delicate health and in spite 
of the altogether unreasonable burden of teaching duties imposed upon him by the 
terms of his appointment, contributed to our knowledge of the atomic weight of 
beryllium, and participated in establishing the position occupied by that metal in 
the natural classification of tlie elements. 

Time does not permit me to further dilate upon the great activity displayed by 
many of the first occupants of the chairs of chemistry in these provincial University 
Colleges, It is also unnecessary for me to do more than remind you of the work 
accomplished by the two Colleges of the City and Guilds of London, the chemical 
laboratories of which have from their very inception been under the stimulating 
influences of Dr. Armstrong and Professor Meldola, foci of research from which 
a number of young chemists of distinction have already emanated. 

In recent years we have witnessed the genesis of another class of institution, 
less ambitious in their aspirations than the University Colleges, hut indirectly also 
of much importance in their bearing upon the nurture of scientific chemistry in 
this country. I refer to the so-called Polytechnics which have sprung up in several 
parts of the Metropolis, and to some other institutions of similar scope in dilferent 
parts of the country. If research in the University Colleges has been the product 
of their professors rather than of the environment which they afford, assun^dly 
this is even far more so in the case of these Polytechnics, which are primarily 
evening schools for the benefit of those who have other occupations during the 
day. That the young lecturers on chemistry at these places should find time and 
opportunitv for original research, and that sometimes of a very high order, is 
indeed a brilliant testimonial to their indomitable energy and resourcefulness. 
Overburdened with large classes until late hours at night, often in those remote 
and hideous parts of London which suggest to most of us only Slumlaud and the 
philanthropic efibrts of Toynbee Hull or of Dr. Bariinrdo, these young chemists 
awake in the morning only to return as rapidly as possible to those laboratories 
which exercise on them a fascination as subtle and magnetic as that which draws 
the commonplace Englishman to the golf-links, the cricket-field, or the racecourse. 
It was in the laboratory of such a teclinical school, the Iloriot Watt College, at 
Edinburgh, that my distinguished predecessor in this chair, my friend Professor 
Perkin, created his opportunities for devising and carrying out those now classical 
methods of building up carbon rings which are the admiration of all organic 
chemists throughout the world ; methods which he has recently brought to such 
a pitch of perfection that he is not only able to forge these rings in great variety, 
but to * bridge ’ them with links of carbon atoms. It was at the Heriot Watt 
College also that his work on berherin was performed, and it was here tliat he 
contracted that fertile alliance with Dr. Kipping, his able coadjutor in so many 
valuable investigations. 

At the London Polytechnics, again, more recently, we have had similar 
examples of fertility, for are we not all familiar with the masterly work of Mr. 
W. J. Pope, who by his investigations at the Goldsmiths’ Institute has extended 
our knowledge of asypimetyic atoms, and has shown that optical activity, which 
liitherto had only been associated with carbon, and somewhat doubtfully with 
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nitrogen, can certainly be produced, not only by asymmetric pentad nitrogen, but 
also by tetravalent tin and sulphur ? Dr. Ifewitt, again, whom I am proud to 
number among my former students, has shown that the laboratory of the People’s 
Palace, Whitechapel, may be made a centre in which abstruse investigations on 
the aromatic compounds can be carried on. 

There is, however, perhaps nothing which testifies more strongly to the zeal 
for original investigation amongst Dritish chemists than the manner in which 
some of the science masters at our schools have participated in the advancement of 
chemical knowledge. Some of these schools have, indeed, from time to time secured 
the services of men whose names are indelibly engraved on the records of scientific 
chemistry, and it is from the laboratories of these scliools that in some cases 
perhaps their best work has emanated. Of the chemical who have 

laboured in school laboratories there occur to me, amongst the living, Debus and 
Clowes at Queenwood, Tilden and Shenstone at Clifton, Pnrdie at Newcastle- 
under-Lyme, Drereton Baker at Dulwich, Charles Baker at Shrewsbury. To these 
names might be added many more ; indeed an e.xamination of the list of Fellows 
of the Chemical Society shows at what a number of schools throughout the 
country the chemical teaching is now imparted by men who have themselves 
advanced the science which they profess. 

From the conspicuous instances wliicli I liavo brought before you — and they 
might, did time allow, be greatly multiplied — it must he obvious that if a chemist 
only possesses the necessary enthusia«m and qualifications he will, no matter how 
inauspicious his surroundings, siiocieed in doing snmetliing to extend the 
bounaaries of his science, and I think [ may go furiher and say without fear of 
conlradictiou that in this devotion to research tlie chemist in tliis country usually 
throws into the shade the representatives of other branches of scitmee. How is 
this pre-eminent zeal of the British chemist to be explained ? I believe that 
there are two principal causes in operation which have brought about this result. 
Firstly, the great majority of the higher chemic/d teachers in this country have 
been trained in Germany, or have been trained by men who were themselves 
trained there ; and secondly, they have only in exceptional cases been educated at 
the ancient seats of learning. Their inspiration and enthusiasm are almost in- 
variably directly or indirectly traceable to a German origin, and this fire is kept 
alive by their remaining in constant touch with German chemical literature. 

It is being continually imi)ressed upon us in the new^spapers and dinned into 
our ears from every platform that it is imperative for this country to approximate 
more to German ideas and metliods, and in general to cast away our insular pre- 
judices, obstinacy, and self-satisfaction. We chemists have already done these 
things; we have emancipated ourselves from the mischievous illusions which have 
a tendency to thrive in a country enjoying an isolated geographical position. For, 
during the last half century the academic springs of Germany liave been visited 
by a stream of young English chemists, a stream which, for the perennial regularity 
of its flow, reminds one indeed of the pilgrimage made by our fasliionable invalids 
to the same country in the hope of correcting the efiects of liigh living by the 
waters of Homburg, Kissingeii, and Wiesbaden. Tht^re must indeed be few 
chemists who return from the German temples of science without bringing back 
at least a spark of the sacred fire to be kindled on an altar at liomt^ ; and although 
at times it may be stifled by the island fog, or burn low through the scarcity of 
fuel, it generally smoulders long before going out nltogothcr. 

The chemist, again, is generally, as 1 have said, unfettered by an English uni- 
versity record: he stands or falls by the work of his life, and not, as so many others 
do, by the reputation which they have made in three short years of adolescence at 
one of the ancient seats of learning. 

The spirit of research, which was formerly but a sporadic manifestation within 
the walls of these venerable institutions, has, liowevor, now become endemic there 
also, and for a number of years past chemical literature has received a continuous 
stream of original communications from Oxford and Cambridge, as well as from 
the Universities of Scotland and Ireland. Instead of those occasional contribu- 
tions which were customary in the past, we have now evidence tliat these centres 
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in several cases yield to none in the energy and success with which chemical in- 
vestigation is being pursued, and that the work of the chemical staff is being 
shared in by advanced pupils trained at these universities themselves. In this 
connection it is quite unnecessary for me to remind 3 on of the contributions to 
British chemistry within recent years by Crum Brown and his pupils at Edinburgh, 
by Japp at Aberdeen, by Purdie and Jame< Walker at the duplex university 
now working so harmoniously north and south of the Tay, by Emerson Reynolds 
at Dublin, and by Harcourt and Harold Dixon, Liveing and Dewar, Ruhemann, 
lleycock and Neville, Fenton, Sell, Marsh, and others, who have brought our 
science into such living prominence on the banks of the Cam and the Isis. 

It is, however, not at home only that British chemists have displayed their 
devotion to research, for with the world-wide relations of the empire it has 
naturally fallen to the lot of some of our number to carry the science to the utter- 
most parts of the earth, but it is surely a matter of which we may be justly proud 
that some of these missionaries, like Mallett, Liversidge, Pedler and Rennie, have 
in these distant lands carried out a number of most important scientific investiga- 
tions ; whilst to one of them. Dr. Divers, belongs the great distinction, not only 
of having carried chemistry to the Far lilast, but of having reared a most active 
school of chemical research in that fascinating island empire of the rising sun and 
the chrysanthemum which has won the unfeigned admiration of the West. 

The annals of British Chemistry are, however, b3" no means an exclusive record 
of the exploits of those engaged in the teaching of our science. I have already 
referred to the importance of the contributions made b}" men of leisure, but an 
equally noteworthy feature of British Chemistry is that its progress has been so 
often furthered by men who have snatched the time for investigation out of a busy 
professional or industrial life. Belonging to this category the names of a long line 
of distinguished chemists of our own time suggest themselves : AV^arren de la Rue, 
Hugo Miiller, Sir John Lawes, Sir William Crookes, Sir William Abney, Peter 
Griess, Newlands, O’Sullivan, Horace and Adrian Brown, Harris Morris, 
Cross, and Bevan. To this group of chemists helongs also Dr. Ludwig INIond, 
whose technical researches have been of such great value to industrial chemistry, 
whilst his devotion to the pure science is attested by liis interesting discovery and 
investigation of the metallic carbonyl compounds, and by his conception and muni- 
ficent endowment of the Davy-Faraday Laboratory, in wliich such unique oppor- 
tunities for research have been provided by him. 

This would appear to he the most fitting moment also to refer to certain other 
institutions intimded for purposes of research which have boon established during 
the past twenty-five years. Of these the first is the Rotbamsted Laboratory, so 
celebrated during the last lialf-century for the memorable investigations of Lawes, 
Gilbert, Pugh, and Warington, but which has more recently, through the generosity 
of the late Sir John Lawes, been rendered a permanent home for the elucidation of 
agricultural problems both by laboratory experiments and by trials in the field. 
Secondly, there is the Research Laboratory which the Pharmaceutical Society 
has established with the view of raising to a higher level the chemical education 
of its most promising future members. This laboratory has furnished the 
opportunity for the valuable investigations of its first director, Professor Duii- 
stan, and of his successor, Dr. Collie. Still more recently a chemical research 
laboratory has been established in the Imperial Institutii. That noble building 
has within the last few years undergone a process of transverse subdivision, one- 
half having assumed an independent existence as the nucleus of that still crystal- 
lising body, the University of London ; whilst in the remaining half the work of tlie 
Institute is now carried on in such silence that we have almost forgotten its exist- 
ence. For where is the florid music with which on summer nights the air of 
South Kensington was wont to reverberate ? Gone. Gone also are the tea-tables, 
the gardens with their million fairy lights, and the promenading crowds in gay 
attire. But if the Institute, founded by public subscription to watch over and 
advance the prosperity of the British dominions, has been impoverished by the 
discontinuance of these revels, it has become enriched and has gained in dignity by 
the creation within its wallsof a Research Laboratory in which Professor Dunstan and 
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hie assistants are busily iuvertifrnliu^' the chemical nature of numerous interesting 
products obtained from all parts of Greater Britain. 

^ There can, in my opinion, be no doubt that this much extended cultiTation of 
scientific chemistry in this country, which is such a noticeable feature of the con- 
cluding years of the nineteenth century, has been greatly assisted by a most fortu- 
nate, and more or less accidental, circumstance, without wliicli the energy and 
enthusiasm of our chemical teachers would have been seriously restricted in their 
influence. I refer to the very substantial surplus, iiti inc irne of G,000/. 

to 7,000/. a year, of which the Commissioners of th" found them- 

selves possessed* and its utilisation on the advice of the late Lord Playfair for 
the purpose of the Itesearch Scholarships which have for some ten years past been 
so highly prized by all the educational institutions permitted to participate in 
them. The good wrought by these scholarships has been very far-reaching, and it 
would he diflicult to praise too highly the wisdom displayed by the Commissioners 
in drawing up the conditions on which they are awarded. Firstly, by not limiting 
them to any one science, they have stimulated a wholesome rivalry between 
departments to bring on their promising students to tlie level of scientific investi- 
gation. Secondly, they have compelled the governing bodies of educational insti- 
tutions to recognise and make provision for research as part of tlie regular pro- 
gramme of these places. Thirdly, they have encouraged talented students to 
devote an additional year, or even more, to their education in the hope of securing 
one of these prizes ; and these students have thus provided their teachers with the 
personnel necessary for carrying on scientific work. Fourthly, the scholars them- 
selves have had the iuestimable advantage of extending their horizon, and of 
coming in contact with other teachers, otiier schools of thought, and other views 
of life. Fifthly, these scholars on their return, and before they have obtained 
definite employment, are welcomed as supernumeraries in English colleges, where 
they have an opportunity of continuing their researches, and where they assist in 
imbuing the students with the spirit which they have themselves imbibed. Lastly, 
these and other scholarships of a similar character are providing the country with a 
body of highly trained men whose value to the nation is annually becoming more 
appreciated, and whose work will continue to bear fruit directly or indirectly for an 
indefinite period of time. These ]i]xhibitioii scholarships have now been awarded 
since 1891, and already no fewer than sixty-five chemists, including three women, 
have enjoyed the enormous privilege of extending their education for a period of 
two, and in special cases even three, years under the most fiivoura])le sur- 
roundings. 

Bearing in mind the rooted o])jection wliich pervades the people of this country 
to ex]^nd any public money on higher education, it is marvellous that it should 
have oeen possible to employ this fund, which after all is of a quasi-public character, 
for what maybe described as educational use at a high potential, instead of its being 
dissipated in the manner so dear to Englishmen, by benefiting to an infinitesimal 
extent a much larger number of persons. Indeed . but for the vertebrate cha- 
racter of the Commissioners in 1877, the fund would have been thus frittered away, 
for in that year they were waited upon by a deputation of influential persons who 
urged that the money should he distributed in grants to provincial museums. 
Had that been done what would have been the result? The masses would 
have had a few more glass cases to gaze at on wet days and hank holidays ! 

There can, I think, be little doubt that in this matter of the allocation of 
funds intended for the public good we have reached a turning-point in the road 
which we have been so long pursuing. Until recently it has Wn the feeling of a 
very powerful majority in this country that public money should only he spent in 
such a way as to directly benefit very large numbers ; and in the case of educa- 
tional funds, therefore, it was only their utilisation for tlie benefit of the masses 
that could be entertained. Now, whilst it is indubitable that the improvement of 
our primary education was for many years a crying necessity, it has long been 
obvious to a minority that this policy is systematically starving that higher edu- 
cation in which we are lagging more and more behind those other countries in 
'Wbicb grci^ter elasticity prevails, and in which the immediate and obvious wants 
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of the community receive prompt attention without regard to the traditions and 
doctrinaire principles of a past generation. In the matter of higher scientific 
education, at any rate, it is becoming more and more widely recognised that its 
starvation through attention being exclusively directed to the low-level education 
of the masses is defeating the very ends which this policy has in view. Indeed, 
some "^metical men, and even a few statesmen, realise that the many are beginning 
to sufier from the results which this policy has had on our manufactures and com- 
merce, without which the multitude can have no existence at all. 

The more than princelv patronage of higher education by that Scotsman who has 
not forgotten the land of his birth during fifty years spent in a country which has 
afforded the necessary scope for his genius and energies illustrates the change in 
the wind of opinion amongst practical men ; for Mr. Andrew Carnegie’s handsome 
contribution to the funds of the University of Birmingham, and his endowment of 
the universities of Scotland on a scale which is altogether without precedent, 
clearly show which, in his opinion, are the rungs in the educational ladder of this 
country that require strengthening in the interest of those very masses which it is 
his earnest desire to benefit. The still more recent response of the City Council 
of Birmingham to Mr, Chamberlain’s suggestion that a rate should be levied in 
aid of the university of that city is further evidence that Mr. Carnegie's practically 
expressed opinion is shared by the enlightened rulers of that great municipality to 
which I have the privilege of belonging. 

These, ladies and gentlemen, are, 1 believe, no mere sporadic manifestations, but 
1 signs of the times. The opening of the new century is in reality 

a ,year oi very serious awakening to those Englishmen who are not deaf to the 
voices in the air around them. It is rapidly dawning upon many tnat ‘ the 
greatest empire which the world has ever seen ’ cannot be maintained unless we 
cast ofl:' insular prejudices and traditions, and make a careful study of those points 
in which other nations are our superiors, with a view to the intelligent adaptation 
and development, as distinguished from mere imitation, of their methods to our 
own particular needs. 

The survey of the British chemical world at tlie dawn of the twentieth century 
affords, however, scope for satisfaction in many ways. Not only have the places 
in which higher chemical work can be and actually is carried on been greatly 
multiplied, but the number of workers has been largely increased ; and although 
the enthusiasm of these workers cannot well be greater than that of those who 
laboured so successfully twenty years and more ago, it has not become diminished, 
and is certainly diffused more widely amongst the })ersotmel of our colleges and 
universities. In this connection I need only remind you of the large number of 
active and independent investigators who are to be found amongst the members 
of the junior stafi' at almost every college in the country, and which is altogether 
without parallel in the past. 

There are hardly any of the great problems now exercising the minds of 
chemists throughout the world which are not being worked at by some of our 
number; whilst that some chapters in the recent progress of chemical science are 
more or less specifically British, I would only remind you of the isolated labours of 
Dr. Perkin in the field of magnetic rotatory power ; of Sir William Crookes’s explo- 
ration of the phenomena occurring in high vacua ; of the researches of Abney, 
Bussell, and Hartley on the absorption spectra of organic compounds ; of the 
investigations by Harold Dixon and Brereton Baker of the behaviour of substances 
in the complete absence of moisture ; of the extension by Pope and Smiles of 
our knowledge of asymmetric atoms ; of the near approach to the absolute zero 
of temperature by Dewar; and of those marvellous discoveries of Baleigli and 
Bamsay which have not only introduced us to five new aerial elements, but have 
revealed the existence of a hitherto unknown type of matter, which is apparently 
incapable of entering into chemical combination at all. 

But whilst we may thus congratulate ourselves on this increased activity in 
chemical investigation, and upon the maintenance of a high standard of quality by 
the exceptional brilliancy of the researches of some of our number, we must now 
carefully consider how we stand with regard to the absolute quantity of our output. 
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I havo^ called your attention to the evidence of activity in the British chemical 
world which is furnished by the number of original investigations communicated 
to the Ohemical Society of London. Let me now ask you to turn to the corre- 
sponding picture, which is furnished by the statistics of the much younger 
Chemical Society of Berlin. 


Original Communicatio7i8 to the Chemical Society of Berlin. 


1868 . 

. 97 

1877 . 

. 568 

1886 . 

. 696 

1896 . 

. 636 

1869 . 

. 262 

1878 . 

. 602 

1887 . 

. 708 

1896 . 

. 566 

1870 . 

. 277 

1879 . 

. ()04 

1888 . 

. 658 

1897 . 

. 560 

1871 . 

. 288 

1880 . 

• 563 

1889 . 

. 601 

1898 . 

. 565 

1872 . 

. 303 

1881 . 

. 495 

1890 . 

. 6,30 

1809 . 

. 549 

1873 . 

. 420 

1882 . 

. 541 

1891 . 

. 677 

1900 . 

. 636 

1874 . 

. 616 

1883 . 

. 635 

1892 . 

. 553 



1876 . 

. 488 

1884 . 

. 646 

1893 . 

. 687 



1876 . 

. 517 

1886 . 

. 686 

1894 . 

. 653 




A comparison b(;tween these figures and those of the London Chemical Society 
js best efiected by means of the diagram, which speaks for itself, and shows that 
chemical science occupies an entirely dillerent ])lace in Germany from that which 
it even now does in this country. The curves in the diagram bear, indeed, some- 
what the same relationship to each other as do the homely elevations of the 
Grampians to the snow-clad peaks of the Andes. 

Is this state of aflairs to continue throughout the twentieth century Are 
intellectual ambitions to bo for ever subordinated to the extension of territory, to 
the acquisition of that metal which has had its atomic weight so accurately 
determined by Thorpe and Laurie, and to those other problems which till the 
political horizon ? Even the most recent awakening of interest in higher scientific 
education is not altogether of the breed to satisfy us as men of science ; for the 
interest is assuredly not in the pursuit of knowledge for its own sake, but is 
aroused by the desire to secure those material advantages which it Is beginning 
to be realised must inevitably result from the steadfast prosecution of scientific 
research. This is indeed a very different spirit from that which has led to the 
proud position occupied by science and learning of all kinds in Germany. 

y chiller has truly said — 

‘ Knowledge is to one a goddess, to another only an excellent cow.’ 

I fear there can be no doubt that here it is the cow, and not the goddess, that is in 
request. Thus, whilst in Germany the love and reverence for knowledge preceded 
the esteem of knowledge for tlie material benefits which it confers, w'e must hope 
that ill our country the eagerness to secure the material advantages will perhaps 
lead to a love and reverence for that which confers them, so that in the course of 
time, perhaps, the useful cow will be allotted a stall on Olympus, or be at least 
pastured on the grass of Parnassus. 

From whatever motive, whether iitiUtarian or otherwise, we wish to see the 
position of science in this country raised, and the qualitative and quantitative- 
output of scientihe work increased, I imagine that the methods to be immediately 
pursued for attaining this end must be very similar. 

If the higher teaching of science is to be really encouraged the first necessity 
is that this higher teaching shall offer a sufiicieiitly attractive career to the man of 
ambition as well as to the enthusiast. We all know that the supply of enthusiasts 
of intellectual power combined with capacity to perform is extremely limited and 
wholly inadequate for carrying out the important work of the world, and that the 
greater part of such work is actually done by men of ambition. 

In order that the academic world may attract the ablest men of ambition as 
well as that rara avis, the able enthusiast it is necessary that the highest prizes 
for academiq dbtinction should carry similar social prestige, similar remuneration, 
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and similar opportunities of exerting- public influence as are enjoyed by the leaders 
of other professional callings : they should be at least equal to those of the 
Archbishop of Canterbury or of the Lord Chancellor. It is not by any means 
necessary that such prizes should be numerous, as is abundantly demonstrated by 
the volume of able ambition which is drawn into the Church and to the Bar by the 
comparatively few opportunities for great success in those professions. The 
enthusiasts already find their way into the academic world ; and, although they 
maintain the quality of British scientific work, they are unable, by virtue of 
their scarcity, to maintain t:. •. which is essential for the luxuriant growth 

of science in our midst, ^^!il absence of such tangible rewards as are 

bestowed in other spheres of intellectual activity prevent the importance of science 
being recognised by a public which has no appreciation of the inward and spiritual 
grace unless guided by the outward and visible sign. 

Precisely the opposite policy, as far as remuneration is concerned, has, however, 
been pursued in the academic world during recent years, the few very moderate 
prizes which formerly existed having been deliberately commandeered to more 
nearly equalise the value of the chairs in all departments. 

The principle of equalising the remuneration of different chairs is as inequitable 
as it is utterly unsound from a business point of view. The principle is unsound 
because equal salaries will not secure men of similar standing in different subjects, 
it is inequitable because the amount of work attaching to the chairs of different 
subjects is necessarily very unequal, as is the order of intellect required for the 
successful discharge of their duties. 

Again, tlie system which *' .-r.h'.irr ground in this country of allocating a 
certain stipend to a chair is i . •■-*.!■ and mischievous. It is as irrational to 
fix the remuneration of a particular chair as it would be to fix the price to be paid 
for one’s portrait, irrespectively of whether it were taken by a photographer or 
painted by a Boyal Academician. If we really want the best man for any 
particular professional service, whether it be to treat us for a disease, to plead our 
cause in a court of law, or to perform on some musical instrument for our delecta- 
tion, we know that we must make up our minds to pay the price which the best 
man commands in his particular profession, and it is absurd to siip])ose that the 
same principle does not hold good in the matter of securing the best man for an 
academic appointment. This, again, is intimately connected with the desirability 
of providing a sufficient number of steps in the academic ladder, so tliat it shall 
not be possible for the ‘ young man of promise ’ to be rushed into a first-class 
appointment from which he has no ambition to move for the remainder of his 
days. 

Another matter, again, requires consideration : if wo are really in earnest in 
the attempt to bring our universities abrt'ast of those in other countries, our chairs 
must be systematically thrown open to the whole world, and the best men 
obtainable secured, irrespectively of their nationality. Not only have small 
nations adopted this plan, but even the nation which is pre-eminent for its 
academic strength is by no means blind to the importance of drawing into its 
service from the outside men of • nri.. • h: brilliance and power. I need not 
remind you that England has also exhibited a wise and liberal spirit in this 
matter in the past, and that, .as far as our science is concerned, this policy has been 
most fully justified. For, consider only what the English Chemistry of the latter 
half of the nineteenth century owes to tlie genius and magnetic influence of the 
imported Hofmann. lean imagine the electors to British chairs '■u.-.’e.'fina* that 
there might he linguistic difficulties in the way of carrying out such a policy, in 
answer to which 1 would appeal to the pupils of Hofmann to say whether his 
stimulating discourse lost anything of its vigour and inspiration through the 
strong Hessian accent with which every word of it was saturated. It is to be 
hoped that no narrow and short-sighted policy, disguised under that too often mis- 
used word ^ patriotism,’ will seek to close the doors of our universities to the genius 
and ability of other nationalities. 

I believe, however, that one of the most urgent and pressing of University 
reforms is that greater facilities should be afforded_for the migration of students 
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from one university to another, without prejudice to their acquisition of a degree. 
It is the present system, which practically chains an undergraduate with links 
of steel to the university at which he matriculates, that is at the root of many of 
the evils under which our higher education is labouring. 

The university at which a youth matriculates is often determined by the 
fatuous, although pathetic, wish of the father that his son should spend his time, 

I will not say work, amidst the surroundings which awaken such pleasant 
memories in himself ; and the youth once within the magic portals has little or no 
opportunity of rectifying the possible mistake of his fond parent, who has probably 
for a quarter of a century been quite out of touch with university matters, or even 
divorced from the intellectual world altogether. 

This foolish sentiment of loyalty to a university or even college is sometimes 
kept up for generations, and 1 have met persons who have told mo that their 
family had always been Balliol or Trinity men, with the same sort of pride that 
they would doubtless have informed me, had they been able, that their ancestors 
came over with the Conqueror or had charged with the Cavaliers at Xaseby. 

The prevalence of such a sentiment shows that our universities are principally 
valued for their social attractions, as well as for their past history and ancient 
traditions, in which connection it is always well to remember that a living dog is 
better than a dead lion. 

The possibility of students di'-«!i-i.i*ii*j themselves from the university of their 
matriculation and freely migr.sSi. g one school to another would, in my 
0 ])inion, not only he of immense advantage to the students themselves, enabling 
them to obtain the best inst-ruction in each particular subject and greatly 
extending their horizon and knowledge of the world, but it would operate most 
favourably on the universities themselves, minimising the tendency to stagnation, 
and compelling those who hold the pu- — to provide for the strengthening 
of w’eak departments. Nor should the possibilities of migration bo limited to the 
Universities of the United Kingdom or even of the British 3Empire, but the prospect 
should be kept in view of ultimately effecting an arrangement w^hereby students 
could enjoy the advantage of visiting the universities of other countries. 

Such migration is, of course, closely connected with the duration of the period 
of university study, and in this matter reform is most urgently needed. The 
traditional three years devoted to the acquisition of a degree is hopelessly 
inadequate for tin* lii.i 'M* j‘iir|iMses of university training, especially wheif the very 
immature age at w! I u*! I students generally begin their university career 

is taken into consideration. The period of academic study should be forthwith 
extended to five years, as it is only in this w^ay that the university can be effec- 
tively made a centre of researcli. ‘Without a course of study of such duration, 
and of which research forms a part, it is quite impossible that the higlilv trained 
men who are now so urgently needed for practical avocations should be 
produced. 

In this connection, again, we all know that much mischief has been going on 
in recent years. Instead of the terms on which degrees are at present obtainable 
being regarded as too lenient and easy, proposals are actually being put forward 
in some quarters to enable persons attending evening classes to thereby qualify for 
university degrees. Now, whilst it. is of the utmost importance to ])rovide 
abundant opportunities for the talented poor to obtain a university education by 
reducing the fees and by instituting a sufficient number of bursaries, it is impera- 
tive that those who are to be stamped w'itb the distinctive mark of a university 
should have devoted their whole and undivided attention, over a certain period of 
time, to the couraes of study prescribed. Ijct us beware of introducing the half- 
time system into the university, a system which we Ijnow to be a deplorable 
makeshift even in the elementary school. 

In this matter of the aspirations, scope, and functions of a university we have 
not merely to contend with the ignorance and apathy of the average Philistine, 
but we are wrestling against principalities, against powers, and against darkness in 
high places. Thus only four months ago one of our most prominent statesmen, 
whose oracular and sporadic utterances inspire amongst millions almost the 
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awe and respect wbicli is felt for the supernatural; is reported in the columns 
of the daily papeis to have said at one of the most important educational 
arathorinar? of this first year of the new century: — ‘You, Mr. Vice-Chancellor, 
spoke of ihe stigma that would rest on the University if it did not annually 
produce some work of original research. I, from another point of view, am 
contented if you do nothing of the kind. 1 am satisfied to think that in a 
large and increasing degree you will train men and women fit for the manifold 
requirements of this Empire.* This statesman, who it is not surprising to find was 
educated at Eton and Oxford, is thus of the opinion to-day, unless, indeed, his 
views have changed in the interim, that it is possible to train men and women fit 
for the manifold requirements of this Empire without bringing, at any rate, some 
of them into contact with the living spirit of research — that spirit which, operating 
through the ages, has enabled man to transform the wilderness in which he was 
placed by his Creator into the garden of material and intellectual enjoyments in 
which that statesman was himself born. 

I would ask you to contrast with the views of the distinguished aliminm of 
Eton and Oxford the utterance of another statesman who, unhampered by such 
educational antecedents, has formulated the following ideal for the guidance of 
that university which he has himself created : — 

‘The third feature to which I should call attention, and whicli, I nm inclined 
to say, is of all the most important, is that a university should be a place where 
knowledge is increased, and where the limits of learning are extended. Original 
research, the addition of somethin;! to the total sum of human knowledge, must 
always be an essential part of our proposals,* 

Ijastly, we have to consider whether this university work, in which we hope 
for such great de\ elopments in the twentieth century, is still to be carried on by 
what is virtually private enterprise and private endowment, or whether it is to bo 
provided for by taxation. 

If the reforms and developments which are being preached from so many 
platforms are toTbe really carried out, if even our higher scientific training alone is 
to be brought into line with that which is provided in many other countries, it is 
indubitable that expenditure Avill have to be enormously increased. Now, 
profoundly as we all admire the enlightened public spirit of the men and women 
who have in the past endeavoured out of their private resources to help forward 
the great movement of higher education, it is, I believe, the firm conviction 
of all who have any r(»al knowledge of what this higher education means, 
and a clear conception of what must bo done in order to put it on a proper 
footing ill this country, that on private benefaction alone this work cannot be 
accomplished. Jliit even if private endowment could raise this great edifice 
in our midst, it is obvious that, wo should have to wait indefinitely for its 
realisation. Voluntary contributions cannot be made to come at the bidding of 
those who stand in need, nor directed into the channels where they will produce 
the most good ; they have to he patiently waited for, with the result that valuable 
time is lost and opportunities pass by never to return. Private benefaction, 
moreover, is almost always retrospective : a hospital is not founded by the chari- 
table until the sick are dying unattended ; almshouses and orphanages are not 
lliought of until the widow and the fatherless are either starving in the streets 
or begging on the doorstep. What we so forcibly recognise in this matter, 
however, is that we have not only to make up for leeway in the past, but that we 
must now exercise prevision to prevent similar disastrous lapses in the future. 
The state of affairs to w^hich wo have been reduced must not bo allowed to occur 
again ; the warnings of those possessing special knowledge in these matters must 
not be disregarded in the future as they have been in the past, for it is no 
exaggeration that the whole of the learned societies and academic bodies of this 
country put together have at present a smaller corporate share of political 
influence than a Temperance League or a Trades Union. To what has this state of 
things reduced us ? The humiliating spectacle of ‘ the greatest empire the world 
has ever seen’ at the beginning of the twentieth century without a teaching 
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university in its Metropolis, and engaged upon the task of tardily patching one 
together out of those heterogeneous elements of uncertain valency which are to 
hand. Is the completion of this structure, on a scale challenging comparison with 
the universities which are to l^e found in the other great capitals of Europe, to be 
delayed until a millionaire, or rather series of millionaires, can be induced to 
finance' it P To this work, and to other works like it, is it not fitting that every 
inhabitant of this country should contribute? For these are works which 
assuredly benefit all classes, not only of this generation, but of those which are to 
come — at least as much as the acquisition of territory at a distance of 8,000 miles 
from home, and for which purpose the nation is apparently willing to pay at 
the rate of one and a quarter million sterling per week for an indefinite period of 
time. 

It is sometimes urged that this higher education does not benefit the masses ; 
but could any contention be more erroneous ? The poor have really a far greater 
stake in the prosperity of our home industries and commerce than the rich ; for 
whilst the decay of our producing power will remove the very means of subsist- 
ence from the poor, it matters very little to many of the rich whether their 
dividends are derived from home-enterprises or from those of a Billion Dollar 
Combine or some similar transatlantic Trust or Corporation. 

Higher education and true universities are also amongst the most potent factors 
in breaking down the hereditary stratification of society and in minimising the 
advantages depending upon the accident of birth, so that, with the greatly 
enhanced facilities which must be provided for students without means, they 
should afford in the future, even more than they have done in the past, an avenue 
for the humblest boy of talent to that position which he is by natural endowment 
and by his own exertion best fitted to fill in the interests of the State. 

Is this great work of raising up a worthy system of national higher education, 
and of creating a living interest and widely diffused enthusiasm for knowledge and 
for the increase of knowledge in all its branches, going to be accomplished during 
the century of which we have but crossed the threshold ? Even the most sanguine 
among us dare not unhesitatingly say Yes ; but assuredly upon the answer, which 
is hidden by the veil of the inscrutable future, depends in the very highest degree, 
not only the material and intellectual welfare of the rising generations, but also 
the good name and reputation of the Empire in our own time and the gratitude 
which, above all things, we should strive to earn from that immortal# part of us 
which we call Posterity. 


The following Papers and Report were read : — 

1. Duty-free Alcohol for Chemical Research, By W. T. Lawrence. 

* The present occasion seems opportune to direct attention to the fact that one of 
the most familiar, most readily procurable, and most cheaply produced of all organic 
material is placed beyond the reach of many students by the heavy duty levied upon it* 
May /, in the name of teachers of organic chemistry, appeal to the Board of Inland 
Revenue, on behalf of scientific and technical education, to provide institutions for 
higher education in science wi*h a limited quantity of pure alcohol free of duty^ 
thereby placing schools of chemistry in this country in the same position as those 
on the Continent?' — Dr. JuLius B. Cohen, * Practical Organic Chemistry,’ Introduc- 
tion, p. vi. 

The remarkable success attained by the Baden Soda and Aniline Factory 
in the modification and commercial adaptation of laboratory syntheses, a 
success which has lately resulted, after some nine years of experimental work, in 
the manufacture of indigo, &c., has demonstrated that organic research work, 
which possessed at the time a merely theoretical interest, may ultimately find 
valuable application in the chemical industry. English manufacturers have 
gradually awakened to an appreciation of the value of research, and the chemist 
who has published a considerable amount of original work will command a high 
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salary and, having demonstrated his ability to tacjtle intricate problems, will be 
consulted when difficulties arise. 

To give an example, a large firm of manufacturers in the north of England, 
finding that certain of their comestibles products lost their colour on keeping, 
instead of communicating with a firm of analysts, consulted an organic chemist, 
who possessed little or no experience of commercial organic analysis, but whose 
experiments and researches showed that he would consider the question with an 
innate knowledge of the subject, unfettered by rule of thumb. The decision of the 
manufacturers proved a wise one. 

The majority of young men engaged in organic research possess restricted 
incomes — £100-150 shows a fair average — consequently the expense of materials 
falls heavily on them. Such research frequently demands the use of large 
quantities of dutiable articles — absolute ethyl and methyl alcohols, methyl iodide, 
&c. Now the duty on alcohol is a consumption tax the objective of which is 
tersely put in the following sentence from the official Customs tariflf, < including 
naphtha or methylic alcohol purified so as to be potable ’ ; but it was certainly 
never the wish of any administration to tax experimental science and the 
industries which result from these experiments. 

A good instance of the -absurd length to which the Customs authorities are 
prepared to go appeared a few weeks since in the papers. A collection of 
crustaceans preserved in spirit was sent from India to Mr. Beddard, tlie eminent 
F.R.S. ; the Custom House wished to charge Mr. Beddard 25«. duty because the 
spirit in which these crabs and crayfish were preserved had not been methylated, 
and was consequently, we can only suppose, considered potable. I am glad to say 
the alcohol was poured away, and consequently the duty was not paid. 

The following figures from the Owens (College Chemical Laboratory show the 
amount of duty paid in the course of one year on methyl and ethyl alcohol alone : — 

Duty paid in 1896-7 £43 ] 6 0 

„ „ 1897-8 £50 0 0 

„ „ lW-9 £44 10 0 

The duty represents about 2*15 times the original value of the alcohol. 

Practically the whole of the alcohol purchased by the laboratory used by three 
or four chemists engaged in organic research : t hus the ledger debits from 
October to April 1900-01 three chemists with lU. Ss., OL IB.s., 5/. respectively for 
alcohol ; we may therefore consider that these three cliemists pay roughly 60/. a 
year for alcohol, of which sum about 16/. lOs, is the actual value of the alcohol, 
and the rest is made up by the duty. 

The distinct disadvantage at which the English chemist works, as compared to 
his Continental colleagues, is shown by the tollowing statement kindly supplied 
by the Commercial Intelligence Department of the Board of Trade : — 

‘ So far as the information in the possession of this branch goes, there would 
appear to be no free admission of alcohol from abroad for industrial purposes in 
either of the countries ^ named. There are internal taxes in both countnes from 
which alcohol is, under certain circumstances, exempt ; but it docs not appear that 
the exemptions affect the imported article, unless possibly in one instance, as will 
appear later. 

* In France the internal tax of 220 fr. per hectolitre of pure alcohol is a 
consumption tax from which alcohol used for industrial purposes is exerapty being 
subject only to a statistical tax of 26 centimes per hectolitre of pure alcohol, 

‘ On imported articles, in which alcohol exists, the consumption tax is levied 
(in addition to Customs duty) on the amount of pure alcohol which exists in a 
state of simple mixture or chemical combination, and it is not absolutely clear 
whether if such articles to be used for industrial purposes they would be 
exempt from this tax. The statistical tax on articles in which the alcohol has 
been entirely transformed, eliminated, or evaporated {e,g,y ether), plus 80 centimes 
per hectolitre, to compensate for the expeu.ses of surveillance, &c., incurred by 

* France and Germany. 
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French manufacturers, is, however, levied on the amount of alcohol calculated to 
have been used in their production. In Germany alcohol used for industrial or 
medicinal purposes is exempt from the tax on the production of spirits 
(Brantweinstenet*).^ 

The above remarks apply equally to alcohol used in chemical research. 

One of the objections whicli will possibly be raised by the Treasury in refusing 
to move in this matter is that though a great proportion of the cost of organic 
research in this country is due to the high cost of duty-paid alcohol and ether, yet 
they (the Treasury) pay back to chemical science far more than they receive from 
chemistry as duty. It has been suggested tliat the organic chemistry department 
of the Owens College has been peculiarly favoured in the administration of the 
Treasury grant. Here are the facts. In the year 1898 the chemical department of 
the Owens College received 175/., and in the year 1899 125/. in Treasury grants; 
against these items we find that the College in the year 1899-1900, though 
suffering severely from the financial depression, paid 427/. 155. lOd, for apparatus 
and chemicals used in research, the result being that 20 per cent, of the transac- 
tions of the Chemical Society for 1899 are occupied by contributions from the 
College laboratories. It is well here to point out that the tax falls most heavily 
on students who, having just taken their degrees, are engaged in their first 
researches. Such students, as a rule, receive no pecuniary assistance. 

Jloes not the Treasury grasp the elementary principle that the advance of 
kiiowdedge, leading, as it does, to tlie creation of new industries and to the perfec- 
tion of the old, becomes a valuable, if indirect, source of increased income ? 

The Board of Inland Revenue are understood to object that the administration 
of a remission of the duty in alcohol would be both complicated and costly. 

Is this difficulty really so insuperable? In France, as has been shown, the 
cost of administration is met by a statistical tax. In this country a precedent has 
been set in the permission of responsible pt‘r8on8 to use and recover methylated 
spirit. 

‘ A person desirous of using methylated spirit must make written application 
to the Commissioners, stating the situation of the premises, the particular purpose 
or purposes to which the spirits are to be applied, the quantity likely to be 
required in the course of a year, and if the quantity to be used in a year exceeds 
fifty gallons, or there is a still on the premises, or means are adopted for the 
recovery of the spirits after use. lie must furnish the name of one or more house- 
holders or of a guarantee society to join him in a bond for the proper use of the 
spirits.’ 

In America and (Canada colleges and institutions are permitted to use alcohol 
free of duty on a signed reauisition from the head of the college or department. 
Should this suggestion be adopted or not? 

A modification of the following scheme might be found workable. Institu- 
tions and laboratories desirious of using pure alcohol for scientific purposes might' 
apply to the Board of Inland Revenue for a licence (for which, say, a charge of 
55. to 10.S. could be made); the manufacturer or retailer supplying the alcohol in 
this country would with the delivery note send a form which could be filled up 
and signed by the director of the institution or laboratory, and the manufacturer 
or retailer would ultimately obtain remission of duty from the Inland Revenue 
Board on presentation of these forms as bona In the case of alcohol coming 

from foreign countries the usual Customs note would be so modified that the con- 
signee would be able to apply direct for rebate. If the Board of Inland Revenue 
consider supervision of sucn institution and laboratories necessary, it surely would 
not entail much extra work on those officials who now control the use of methy- 
lated spirit. 

What steps can be taken to obtain this object ? It is first necessary to ascer- 
tain whether to effect such a change would be within the statutory powers of the 
Board of Inland Revenue, or whether it would be necessary to introduce a Bill 
into Parliament. 

In the first case it seems to me that an influential deputation might wait on 
the First Lord of the Treasury or the Chancellor of the Exchequer and represent 
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to him the facts of the case. In the second case the question becomes more 
complicated. 

My view — a view shared by many eminent chemists present at this meeting — 
is that it would be highly advantageous to appoint a small committee to consider 
the question and to re^)ort on it. 

The intention of this article has been to again call attention to a subject which, 
though frequently the object of fruitless endeavours, yet by its very reasonable- 
ness deserves success. Oiganic chemists will find that they will have to present a 
very strong case, influentially backed, before they can persuade such officials of 
the Treasury and Board of Inland Revenue as do not possess the scientific mind 
to recognise the importance of the subject ; yet the time is coming when 

‘ the thoughts of men are widen’d with the process of the suns.’ 


2. The Coal Tar Industry, 

By Dr. A. G. Green. — See Reports, p. 252. 


3, Report on a New Series of Wave-length Tables of the Spectra 
of the Elements , — See Reports, p. 79. 


FRIDAY, SEPTEMBER 111. 

The following Papers were read : — 

1. Enzyme Action, By Adrian J. Thrown. 

The author has already shown * that in alcoholic fermentation a constant 
weight of sugar is decomposed in unit time by a constant amount of yeast in solu- 
tions containing different amounts of sugar, and has called attention to the fact 
that in this respect the action of fermentation differs essentially from that of inver- 
sion, which, according to C. O’Sullivan and Tompson, follows the law of mass 
action.* 

So long as the phenomenon of fermentation was believed to be a life function 
inseparable from the living yeast cell, it did not appear remarkable that the order 
of progression of its action should differ from that of inversion ; but since Buchner 
has shown that fermentation, like inversion, is an enzyme action, this point of 
difference required further investigation. 

The author has examined the action of invertase on cane sugar experimentally, 
and demonstrates that the action as usually studied does not follow the law of 
mass action, but resembles that of fermentation. 

The curve of action of invertase found by C. O’Sullivan and Tompson does not 
instance mass action, but, as suggested byDuclaux,* its form is due to the arresting 
influence of inversion products. J. O’Sullivan’s experiments^ on the power of 
inversion of living yeast cells are referred to, and it is shown that the results of 
his experiments also confirm the author s conclusion. 

But although the action of inversion as studied by C. O’Sullivan and Tompson, 
J. O’Sullivan, and the author does not follow the law of mass action, the author 
does not regard the action, however produced, as independent of mass influence, 
and considers that the influence of mass in inversion changes as it has hitherto 
been studied is restricted by some other influence. This influence he believes 
exists in the time factor of molecular change. 


' J. Chem. Soc., 61, 1802, .380. 
* Ann Jmt. Pastevr, U08. 


2 Ihid„ 67, 1890, sr>5. 

^ J, Chem, Soc.; 61, 1892, 920. 
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In any simple chemical change the influence of mass regulates the number of 
molecular contacts between acting and reacting molecules in unit time ; but if a 
time factor enters into the molecular reaction, there must be a point beyond which 
the number of molecular cham/es cannot increase owing to the restriction of time 
in the action, and this point will be determined by the relative frequency of 
molecular contact and the length of the time interval of molecular change. 

There is good reason to believe that during inversion of cane sugar the sugar 
enters into molecular combination with invertase previous to change, which pre- 
supposes a time factor of some magnitude. Under these conditions it therefore 
appears the more probable that this factor limits the effect of mass action in 
inversion changes as observed in solutions of ordinary concentration. But if this 
is so, there must bo a point of dilution in cane sugar solutions when invertase, 
acting in the dilute solutions, exhibits an order of change in conformity with mass 
action. The author shows by direct experiment that this point is reached in a 
solution containing about 1 per cent, of cane sugar, so far confirming his conclusion 
that the time factor of molecular change limits the action of inversion in all but 
very dilute solutions of cane sugar. 

As the character of the action of fermentation has been shown to resemble 
that of inversion, it appears very probable that in this enzyme change also the 
time factor of molecular change limits its action ; and possibly the influence may 
be evidenced in all enzyme change, and so play an important part in the complex 
functions of living organisms which depend on enzyme action. 


2. liaduun. By Professor W. Marckwald. 


The Section wns then divided into two Departments. 


Department I. 

Th(^ following Ileport and PiipiTs w ere read : — 

1. Report on the Relation hetrveen the Ahsorptlon Spectra and Chemical 
Constitution of Organic Substances . — See Reports, p. 208. 


2. On tlie. Chemical and Biological Cluinges occurring during the Treat- 
ment of Scjcage by thr so-called Bactf^ria Beds. By Professor Letts, 
D.Sc., Ph.D., and R. F. Blake, F.C.S., F.I.C. 

It is generally assumed that the so-called ‘ bacteria beds ^ act as oxidising 
agencies, absorbing oxygen from the air during their periods of rest and subse- 
quently transferring it to the constituents of the sewage when the Ix'ds are filled 
with t nis latter, the transfer being effected by micro-organisms which have esta- 
blished themselves on the surface of the material with which the beds are filled. 

It also appears to be generally taken for granted that the micro-organisms 
mainly concerned in the purification process are the nitrifying organisms. Hence 
if these views are correct, the effluent from the bacteria beds should contain 
nitrates and nitrites equivalent in amount to the uuoxidised nitrogen which disap- 
pears during the treatment. But on examining the results obtained by chemists 
m investigations on sewage purification it will be found that compai*atively small 
amounts of nitrate and nitrite are produced in relation to the unoxidised nitrogen 
disap^pearing. 

The following figures are taken (or have been calculated) partly from results 
given in the Manchester Report of llio Rivers Committee, January 22, 1900, 
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Table 1, the Leeds Report on Sewage Disposal, December 1898, Table 1, and 
partly from the table (p. 68) given in Dibdin’s book on the ' Purification of Sew- 
age and Water/ 


Nitrogen 
disappearing as 
* Free * and 
‘ Albuminoid * 

Ammonia 

Nitrogen found in the Effluent 
as Nitrate and Nitrite after double 
contact with the Bacteria Beds 

: 

Groins per Gallon 

Grains per Gallon 

Percentage on 1 
Nitrogen 1 

disappearing j 

Manchester . . . } l‘G34 

1 0-636 

39 1 

Sutton . . . .1 7-185 

1-100 

16 

Leeds . . . . | 1*628 

1 0-11 

7 

1 


It is quite evident, therefore, that a considerable portion, and in most cases the 
greater part, of the unoxidised nitrogen which disappears must be got rid of in 
some other form, and the question arises as to how this may occur. In all prob- 
ability there are two — and only two — alternative ways in which the nitrogen can 
be lost, viz. — 

(1) It may escape in the gaseous state as free nitrogen, or possibly as oxides 
of nitrogen. 

(2) It may pass into the tisvsues of animals or vegetables, the former of which 
may escape from the bacteria beds, and the latter (and possibly the former also) 
may remain permanently in the beds. 

In other words there may be either a chemical or a biological explanation, or 
both together. 

Chemical Explanation . — In an investigation on the effects of double contact 
with bacteria beds on screened and settled sewage the authors made analyses of 
the dissolved gases present, both in tlie original sewage and in the elllueiit from 
both beds, the samples being collected in such a manner that they did not come 
into contact with the air. 

The general results of these analyses were avS follows:— (1) Ib'actically no 
oxygen was present, either in the sewage or etlluents. (2) The elliiieiit from 
first contact always contained considerably more carbonic anhydride than the 
original sewage, and with two exceptions the ellluent from second contact also 
contained an excess of that gas. (3) In eleven out of twelve series of analyses the 
quantity of nitrogen in the effluent was iu excess of that present in the original 
sewage, and generally speaking it was in larger excess in the elHuent from double 
contact than in that from single contact. 

As the first six series of analyses only were made under exactly the same con- 
ditions, the authors find that, taking them us the basis of calculation, on the average 
the excess of nitrogen in the effluent from second contact over that present in the 
sewage amounted in weight to 0*272 part per 100,000, while the loss of un- 
oxidised nitrogen which had occurred in the sewage (by Kjeldahl’s process) 
amounted to 2*2 parts, or that 12 per cent, of the nitrogen lost from the sewage 
during purification was thus accounted for, while in one particular case it amounted 
to 31 per cent. 

In all probability only a fraction of the free nitrogen actually evolved would 
be retained by the effluent, the rest escaping into the air. 

Biological Explanation . — As regards the possibility that nitrogen is lost bio- 
logically, t.e., is absorbed into the tissues of animals or plants which feed on the 
sewage, there can be no doubt that a portion does escape in that way. The bacteria 
beds at Belfast and elsewhere swarm with minute insects [Bodura aquatica). 
These, escaping in myriads, often form a thick layer on the surface of the effluent, 
which looks hke soot. There can be no question that in thus escaping these 
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Animals carry with them some of the nitrogenous constitutents of the sewage which 
they have devoured, but as yet the authors have formed no estimate of the quan- 
tity so removed. There are also species of worms always present in the bacteria 
beds in considerable numbers which no doubt also feed on the sewage. 


3. Humus and the Irreducible Residue in the Bacterial Treatment 
of Sewage. By Dr. S. Rideal. 


4. Sulphuric Acid as a Typhoid Disinfectant By Dr. S. Rideal. 


5. On the Inverse Relation of Chlorine to Rainfall, 

By William Ackkoyd, F.LG. 

Rainfalls of various dates when compart'd among themselves appear so erratic 
in their quantitative composition that observers have generally been satisfied with 
monthly or half-yearly averages. When the periods of observation are shortened 
to daily estimations, say of the chlorine, it clearly appears that minimum amounts 
of rainfall are marked by maxima of chlorine contents, and rive versa. Thus in a 
daily comparison where the results are plotted for tenths of an inch of rainfall and 
parts per 100,000 of chlorine the respective curves interlock and each chlorine peak 
has its corresponding rainfall hollow. This will be seen on following the plotted 
observations m the diagram for Halifax, November 12, 1000, to March 7, 1901. 
It is also apparent in the diagrams for country rainfall which illustrate my paper 
* On the Distribution of (Jhlorino in Yorkshire, Part II.,' and where the observa- 
tions are weekly. Marked ])arallelism of chlorine curves, where several are com- 
pared, is regarded as being due to common causes. 


6. On the Distribution of Chlorine in Yorkshire^ Part II, 

By William Ackkoyd, F.LC, 

All figures refer to parts of chlorine per 100,0<X) of water. 

As the result of many observations of minima, the chlorine is found to increase 
from ‘7 -1 in the west and north-west, where the rivers originate, to 1-7-2 in the 
east and south-east, where, in the Chalk Wolds, the upturned t'dges of the chalk 
drink in and store up a vavst amount of rain water, which is utilised by many of 
the East Riding communitit's. Deynnd this there is a south-eastern area of high 
chlorine figures formed by the triangular tract of drift ending with Spurn Head. 

Normal chlorine is atlected by manufacturing centres. From observations ex- 
tending over three months, it is shown that in a manufacturing town like Halifax 
the atmo9ph(*ric contribution tlirough the rain is *01 part of chlorine per 288 
people per square mile, and that the total contribution for ground as well as air is 
•01 part of chlorine per 63 of the population. 

Attention is also drawn to a disturbing influence in the prevalence of high 
winds from the sea, which send up the chlorine figures for the rainfall. 


Department TI. 

The following Papers and Report were read : — 

1. Hydration of Tin^ including the Action of Light. 

By Dr. J. H, Gladstone, F.R.S.y a7id George Gladstone. 

The authors described a tin trade mark which had been standing in the minera- 
logical cabinet of Mr. George Gladstone for twenty-seven years, exposed on the front 
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to dilFused daylight. The whole of the exposed surface was verjr dark in colour, 
especially where the exposure was most complete. On examining it under the 
microscope it was found to be covered with little granules varying in colour from 
yellow to dark reddish-brown. Where the dark granules were thickest there were 
found small yellow lumps that had all the appearance of colloidal matter. Some 
of this was removed and treated with water. The microscope revealed a quantity 
of light-coloured translucent films ; the edges of the drop of water on evaporation 
showed imperfect colourless crystals resembling closely those obtained from other 
specimens of tin colloid, together with gelatinous matter. It was evident that 
tnere had been a slow chemical change, greatly due to the action of light, as 
the back of the trade mark, which was practically in the dark, showed very little 
discoloration. In order to see whether this could be repeated within a short time, 
three experiments were made on freshly cut surfaces of tin. The first was kept in 
the dark for six weeks, and sometimes subjected to a temperature of 100^ C.: 
under the microscope it showed no clear sign of any action. The second was 
exposed for the same time to diffused daylight : it showed slight but unmistakable 
signs of granular formation. The third was exposed to direct sunlight : it was 
distinctly spotted over with dark-coloured granules. 


2. Transitional Forms between Colloids and Crystalloids, 

By Dr. J. H. Gladstone, F,}t,S., and Walter Hibbert, F,LC. 

The investigation of the crust formed on the tin trade mark referred to in the 
previous paper induced the authors to carry the inquiry further. Among the 
remains of the ancient British village near Glastonbury, which had been 
submerg^ in the marsh for 2,000 years, were the rod and weights of tin described 
in the British Association Report for 1899, p. 505; and an examination of the 
crust formed on these objects showed the gradual formation of yellow, amber, and 
reddish-brown hydrates, together with minute egg-like bodies, which, when 
broken, were found tti contain gelatinous matter soluble in water, and giving on 
evaporation crystals having curved edges. The crystals are very definite in form, 
but are generally colourless and hygroscopic. A specimen of native cassiterite 
gave similar results ; and so did colloidal tin hydrate formed from stannic chloride 
by dialysis. Colloidal hydrate of titanium gave intermediate bodies closely 
resembling those of tin. The same was found to be the case with aluminium and 
palladium colloids. No similar forms have yet been obtained from silica ; but it is 
well known that quartz crystals, diamonds, and ice are apt to exhibit curved edges 
and conchoidal fracture. 

The authors regard these semi-crystalline bodies as intermediate forma 
betweeen the gelatinous colloids, whether pecti.sed or not. and the ordinary 
crystallised metallic hydrates. They look upon them as consisting of the hydrate 
combined with many molecules of water, and think that the various kinds of 
crystals (crosses, fishes, rhombs, &c.) are due to different amounts of combined 
water, as they show different degrees of solubility and of diffusibility. The 
isomorphism between these hydrates of tin, titanium, and aluminium is worthy of 
notice. 

The secular changes that take place in the.se gelatinous hydrates, and the 
formation of the insoluble films, are the subject of investigation at the present time. 


3. Report on the Nature of Alloys . — See Reports, p. 75. 


4. The Minute Structure of Metals. By G. T. Beilby. 

Microscopic examination of metallic surfaces produced by breaking, tearing, or 
filing, by rolling, drawing, hammering, or polishing, has shown that the metals as 
they are ordinarily met with appear in two forms 

(a) As minute granules or scales. 

if) As a transparent, glass-like substance. 
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These two forms of ^ metal substance ^ occur in all of the metals examined, and 
taken together they do not appear to depend in any way on the particular thermal 
or mechanical treatment to which the metal has been subjected, nor on the greater 
or less mass of the particular piece of metal examined. Their existence is 
therefore to a great extent independent of the conditions which determine the 
particular crystalline structure of metals and alloys. 

In form (a) the granules or scales do not vary much in size in the different 
metals examined, which include among their number representatives of most of 
the great groups. The diameter of the scales is estimated to range from to 

of a millimetre. Their thickness has not yet been measured, but they can be 
seen by reflected light when their thickness is certainly less than * niilli- 

metre. 

Form (b) is seen as a transparent glass-like film on metal surfaces, which have 
been exposed to certain forms of pressure. In the transparent form the metals 
have their characteristic colours by transmitted light ; for instance, gold is green, 
iron and platinum are blue, copper is red, nickel is olive green. 

The scale form (a) passes into the transparent form (6) when the metal is pressed 
or hammered upon a hard polislied surface. The same effect takes ])lace when a 
mirror-like polish is produced by ordinary methods. Files or cutting tools in 
passing over the surface or through the substance of metals leave the cut or 
scraped surface covered with a more or less continuous film of transparent metal. 
By suitable treatment a coating of transparent metal can be formed of varying 
degrees of thickness, so that by reflected light .scales can be seen more or less deeply 
imbedded in the transparent coating. The light from the deeper scales shows the 
characteristic colour of the metal. In .some cases the colour of the coating 
appears so dense — as seen by the microscope — that no reflected light reaches the 
surface. 

Attempts have Ix^en made to measure the thickness of the transparent film by 
focussing for its upper and lower .surfaces, or for the upper surface, and for scales 
embedded in the film, and measuring the movement of the microscope between 
the two points. As tlu'se ineasureiuents appear to give rather exaggerated results 
their publication is held over for the meantime. 

The traii.spnrent metal (b) pas.se8 back into the scale form (a) under certain 
kinds of mechanical or chemical treatment. 

The metals already examined include gold, silver, platinum, cobalt, nickel, 
chromium, iron, copper, lead, bismuth, antimony, tin, cadmium, magnesium, 
aluminium, zinc. 

The highly crystalline metals, such as antimony, bismuth, and zinc, exhibit the 
same features as the softer and more malleable metals. The crvstalliue faces and 
cleavage pianos are covered with a film of transparent metal, wtile scales are dis- 
tinctly seen in fractures at right aiigles to the cleavage planes. 

Galena shows similar appearances. 

The zinc and tin alloys of copper show the same minute structure and appear- 
ances. 

The persistence of these minute scales under all kinds of mechanical and 
thermal treatment, the remarkable uniformity of their size and appearance in 
metals of all of the leading groups, their di.sappearance into the transparent form 
and their reappearance agai’.' apparently unchanged in size or otherwise — all this 
seems to aflbra fair ground for the conjecture that they are in some way definite 
units in the structure of metals. 

5. On the Action of Ammonia on Afetals at High Temperatures, 

By G. G. Henderson, D.Sc,, and G. T. Beilby. 

Platinum, gold, silver, copper, iron, nickel, and cobalt have been exposed to 
the action of ammonia at temperatures ’ ■ r 600® to 900®. In every case 
the physical effect of the treatment was “ i- the metal completely, while 

a large proportion of the ammonia was resolved into its elements. 

The fracture of metals which have been exposed to this action has been 
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described by earlier observers as ‘ crystalline.’ This is not the case : it is spongy 
or cellular, and appears under the microscope as if it had been suddenly cooled 
while in a state of active effervescence. 

The penetration of the ammonia molecule into the metal is remarkably quick. 
Iron and copper rods a quarter of an inch in diameter were completely penetrated 
to the centre in thirty minutes. But disintegration goes on almost indefinitely 
thereafter. Copper exposed for seven days to this action at a temperature of 
800® became reduced to a fine spongy powder. The prolonged action on platinum 
produces very fine deposits of platinum black on the surface of the more massive 
metal. 

The authors beheve that the physical effects which result from this action are 
explained by the alternate formation and dissociation of the nitrides of the metals 
taking place between certain narrow limits of temperature, the reaction being 
turned m either one direction or the other according as ammonia or hydrogen 
molecules preponderate in the gases which are in contact with the molecules of 
metal at and below the surface. 

It is suggested that the formation of spongy deposits on the outside of 
platinum crucibles heated by Bunsen burners, as well as the disintegration of the 
platinum wires of pyrometers exposed to furnace gases, may be accounted for by 
the presence of traces of ammonia in the combustion gases. 

The absorption of small quantities of nitrogen by pure iron renders it hard 
and brittle lilve steel. Malleable iron tubes exposed for seven days to the action 
of ammonia at a temperature of 800° became so brittle that they could be broken 
like porcelain by a blow from a hammer. 

It is suggested that some of the efiects on the structure and properties of iron 
and steel which are at present attributed to other elements may be due to the 
presence of traces of nitrogen. 


6. Ahtmhiium-Tin Alloys, By W. Garrick Anderson, M^A,^ D,Sc; 
ancZ George Lean, BBc, 

This investigation was undertaken to ascertain, with some definiteness, the general 
properties of the alloys of aluminium and tin, and particularly the cause of the 
peculiarity, first pointed out by lliche,‘ that the alloy containing 2o per cent, 
aluminium evolves hydrogen freely when placed in water. This property was 
found to belong, not only to the particular alloy in question, but to the whole 
series, whether cast or annealed. 

From the determinations of the cooling curves it is shown that tin dissolves in 
aluminium, but that in the case of alloys containing more than 10 per cent, tin a 
second break in the cooling curve takes place at 2.32° C., indicating an excess of tin.* 
} also employed to show the structure of the alloys in the cast 
■ ■ ■ : ■ The amounts of hydrogen evolved from the several alloys, 

cast and annealed, were found to stand in no simple relation either to the weights 
of the constituent metals present, or to the depression in the aluminium melting 
point. 

From microscopic examination of water-corroded plates the conclusion is 
arrived at that contact action between the tin and the stanniferous aluminium is 
mainly responsible for this spontaneous oxidation. 


7. Ahiminium- Antimony Alloys, By W. Campbell. 


8. Aluminium-Copper Alloys, By W. Campbell. 


^ Riche, Jr, Phami. Chem.^ 1895, 1, v. 

* H. Gautier, Comptes Reiidnst 123 [1896], p. 109. 
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SATURDAY, SEPTEMBER 14. 
The Section did not meet. 


MONDAY, SEPTEMBER 16. 

The followijif^ Papers and Reports were read : — 

1. On the Three Stereoimric Cinnamic Acids, 
By Professor A. Michael. 


2. On the Genesis of Matter. By Professor A. Michael. 


3. On the Process of Substitution . By Professor A. Michael. 


4. On the Synthetical Formation of Bridged-rings. 
By Professor W. H. Pekki:% F.R.S. 


5. TJlc Condf )isatio)i of Benzil loith Dibenzyl Ketone. 

By (t. G. TIendehson, D.Sc.y and R. H. Corstorphine, B.Sc. 

Benzil condenses r(*adily with dibenzyl ketone in presence of aqueous caustic 
potash, and tefrajdirnylcf/c/ope/iteao/one is produced according to the equation 

Ph.CO ITi.OlI... Ph.C = C.Ph . 

I + 1 >CO 

Ph.(T) Ph.CIl/ ' Ph.C(01I).0HPh^ 


The new’ compound crystallises in colourless lustrous needles, m.p. 208°. It is 
readily soluble in benzene, but only sparingly in alcohol. It yields an oA wie which 
crystallises in small colourless prisms, m.p. 107°, and when heated in alcoholic 
solution with parabromphenylhydrazine it gives a crystalline hydrazoue, m.p. 169°. 
The acetyl derivative was obtained in prisms of a dark purple colour, from wdiich 
the colouring matter could not be removed by recrystallisatioii : it melts at 218°. 
Tetraphenylcyclopentenolone readily decolorises permanganate, yet it does not 
combine additively with bromine, as might bo expected from its constitution, but 
is slowly converted into an unstabh^ bromine dcrivafivcy which was not obtained in 
a state of purity. It also reacts with phosphorus pentachlpride and with alcoholic 
hydrogen chloride, but the product, which contained chlorine, was too unstable to 
admit of purification. When cautiously oxidised wdtli chromic anhydride dis- 
solved in glacial acetic acid it gives benzoic acid and a neutral compound, of the 
formula ’'vhich occurs in colourless cry.stals, m.p. 164°. When boiled under 

n reflux condenser with hydriodie acid and red phosphorus, tetraphenylcyclopente- 

rh.c = crh 


nolone is partially reduced and tetraphenylcyclopentenvl 


I 

Ph.CIl. CHPh- 


/ 


OHOH 


is obtained. This substance crystallises in shining colourless needles, m.p. 162°, 
It is readily soluble in benzene, but very sparingly in alcohol, and it reduces 
permanganate. It does not react either with hvdroxylamiiie or with phenylhydra- 
zine, but it yields an acetyl derivative y wdiich crystallises in colourless tablets, 
m.p. 182°. It does not form an addition product wdth bromine, but is converted 
into a bromine derivative y Ca^Ha^Br . OH, which crystallises in colourless needles. 
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m.p. 216®, and by tbe action of phosphorus pentnchloride or of alcoholic hydrogen 
chloride it yields a chlorotetmphenylcyclopentene, 0^,,, FI > 301 , in the form of colour- 
less prisms, m.p. 181®. By heating at 180® in a sealed tube with hydriodic 
acid and red phosphorus, tetraphenylcyclopentenol is reduced, and yields a 
mixture of two hydrocarbons, end which can be separated by means 

of ether, in which the former is readily and the latter sparingly soluble. 
separates from ether as a crystalline powder, which melts with decompositioii 

Ph.C = 0Ph 

over 300®. It is no doubt tetraphenylcyclopentene | \ OIF,. The 

Ph.OFIOFIPh/ 

other hydrocarbon separates in the crystalline state from alcohol. It melts at 
80*6-81®, and is apparently identical with the tetraphenylcyclopentene 
PhOH-OIIPh 

I >0Ho, already prepared, in a different manner, by Wislicemis. 

PhCH-OHPh/ ■ 


6 . Some Relations between Physical Constants a^id Constitution in 

Benzenoid Amines. Part III. By W. R. Hodgkinson and 
L. Limpach. 

In the * Proc. Chem. Soc./ 1893, 9, 41, we drew attention to some relationships 
between melting-points and constitution in some amines, and a further contribu- 
tion by Gordan and one of us on the same subject appears in ‘Trans. Chem. 8oc.,’ 
1901, 79, 1080. 

Since then a considerable number of amines, their formyl and acetyl, and other 
derivatives have been prepared, it is believed, in as p\m^ a state as possible, and 
their melting-points redetermined. 

The first point noticeable is that the difference between the melting-points of 
the formyl and acetyl derivatives of bases of the same constitution is the same or 
very nearly so. 

If in any base a methyl group be replaced by ethyl or oxy methyl (OCII.^) the 
melting-points of the formyl and acetyl compounds change, but the differences 
between them appear to be the same as between the formyl and acetyl derivatives 
of the methyl compounds. 

The following will serve as instances : — 




Melting-points 


— 

Constitution * 

Formyl- 

Acetyl- 

Difference 



compound 

compound 



CH, CH, CII, 




Pseudo Cumidine 

2 3 5 

CH 3 C,H, CH, 

121 ° 

164° 

43 

Ethyl-^-Cumidine • 

2 3 5 

CH, CH, 

103 

145 

42 

Pararxylidine . • • 

1 4 

OOH, CH 3 

116*5 

139 

22*6 

Oxyraethyl-p-xylidine . 

1 4 

CH 3 CII, CH, 

86 

109 

23 

Cumidine .... 

1 2 4 

OCH, CII, CII, 

98 

j 126 

28 

Oxymethyl Cumidine . 

1 2 4 

68 

I 96 

28 


* The constitution is expressed as in parts I. and II. on the plan 

<3 - NHCHO 


% 


1 " 
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The tetra-methyl bases exhibit some other peculiarities. As far as the 
melting-points of their formyl and acetyl derivatives are indications, they would 
appear to l)e composed of two xylidines less the melting-point of formo-anilide 
(46®). 


Thus : 

1 . 


Formyl 

derivative 


Formyl 

derivative 


NITCIIO 


CH 

on. 


6. 


Formyl 

derivative 


M.F. [163®] 


3 composed of 

Icn, 


NHCIIO NHCHO 

Oil, on /\ 


6 

1 


ft \ 

4 

2 

CII, CII 3 

4 9 


[104®*5] 
104-5 + 104-6- 46 -lG.r. 
NIICIK) 


M.l'. [I8;i°] 


CII. 


composed of CH, 

< > 

ciL 

f > 


4 3 


4 3 


[i04°-r)] 


NHCHO NHCH 


OIL 


[1C4°J 


CH,, 


104 + — 40 “ 180, 


NHCHO 

/\. 


11(110 


CH 3 


• 1 

4 S 


CH 3 composted of 


/\ 


\‘/ 

CH,, 

M.r. [144°] 

113-6 + 760 -46=.144, 


CH, 


V 

CII 3 

[113-5] 



The foregoing are merely a few examples. A mucli more extendtHi list and 
an attempt at a discussion of these relations we hope to give shortly. 


7 . The Existeiice of Certain Semicarbazides in more than one Modification. 
By George Young, Ph.D. 

In 1887 Michaelis and Schmidt made benzoylphenylsemicarbazide by the 
addition of cyanic acid to as-benzoylphenylhydrazine 

C.lIyN.NII, + IICNO = C,lI,.N.NH.CO.NH, 

CO.O„IL CO.C.H, 


and found the product to melt at 202-203°. Six years later (1803) Widman 
obtained benzoylphenylsemicarbazide by boiling pbenylsemicarbazide, suspended 
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in benzene, with benzoic chloride, but found the melting-point of the product to 
be 210-211°. 

CJl5.NH.NH.CO.NH, + C JI5.COOI = C Jl5.N(00C,H5).NH.C0.NH, + HCl. 

Widman then rt^peated the preparation, making use of the Michaelis-Schmidt 
method, and again obtained a product melting at 210-211°. From this it might 
have been inferred that the lower melting-point obtained by Michaelis and 
Schmidt was probably due to insufficient purification. 

Towards the end of 1896 I had occasion to prepare benzoylphenylsemicarb- 
azide, and made use of Widman’s method. The product obtained melted at 
202-203°, and the melting-point was not altered by repeated recrystallisations. I 
liad thus obtained the ^lichaelis-Schmidt product by means of VVidman’s method 
of preparation, and at the same time confirmed the Michaelis-Schmidt melting- 
point. These results having been published in the ^ Transactions of the Chemical 
Society,^ Dr. Widman kindly sent to me a sample of his benzoylphenylsemi- 
carbazide, which I found by my thermometer to melt at 210-212°, so that the 
thermometers were not to blame for the discrepancy. 

A comparison of the two substances showed that the one which melted at 
202-203° was distinctly more soluble than tlie higher melting one in the 
ordinary solvents, such as benzene, ether, alcohol, or water. 

The first interesting observation was that on boiling a small quantity of 
Widman’s substance with jvater: it went into solution very slowly, and on 
cooling separated in crystals, which melted at about 200°, and, after recrystallisa- 
tion from dilute alcohol, at 202-203°. 

The Widman form of benzoylphenylsemicarbnzide had been transformed into 
the Michaelis-Schmidt form. 

The reverse transformation was not so easy, partly because it takes place, even 
under the best conditions, very slowly ; partly because it loads under varying 
conditions, not only to Widraan’s benzoylphenylsemicarbazido, but also to a third 
modification. 

This third form of benzojlphenylsoraicarbazide melts at 205-200°. It is 
produced from the lowest melting form by boiling witli benzene in a reflux 
apparatus on the water-bath. The change took place with 2g. substance in 
about fifteen hours, and further similar treatment was without effect. 

This benzoylphenyleemicarbazide, which melts at 205-206°, can be re- 
crystallised unaltered from benzene, ethylic acetate, acetone, or alcohol. Boiling 
water and, more slowly, dilute alcohol convert it into the lowest melting form. 

If the Michaelis-Schmidt product be boiled with benzene in a reflux apparatus 
on a sand-tray, instead of on a water-bath, the result is different, 'fhe change, 
here again, is slow. After some fifteen hours’ boiling the product softens at 
about 205°, and is completely melted at 210°. Further boiling is without effect. 
This product can be separated, by washing with cold ethylic acetate, into 
Widman’s benzoylpheuylsemicarbazi’de, which remains undikolved, and the 
third modification which dissolves in the ester. 

By this method of boiling with benzene on a sand-tray tlie form melting nt 
205-206° can be converted partially, but nearer completely, into Widman’s 
modification. 

The process of lowering the melting-point from 21 1-212° to 205-206° is best 
carried out by boiling with acetone. 

The difference in effect produced by exchanging the water-bath for a sand-tray 
in boiling with benzene suggested what is probably the reason why, although 
making use of apparently exactly the same method as Dr. Widman in preparing 
the benzoylphenylsemicarbazide, 1 obtained, not his product, hut that of Michaelis 
and Schmidt. 

In the preparation phenyleemicarbazide and benzoic chloride are boiled in 
benzene in a reflux apparatus. I had carried out the boiling on a water-bath, and 
obtained benzoylphenylsemicarbazide of melting-point 202-203°, mixed, as was 
found later, with a small quantity of the form which melts at 205-206°. On 
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repeating the preparation in exactly the same manner, with the exception that 
the water-bath was replaced by* a sand-tray, I obtained Widman^s results. 

These three modifications of benzoylphenylsemicarbazide are not only different 
in regard to their melting-points and solubilities in various solvents, but they can 
be distinguished from one another by their appearance under the microscope. 

That one of them is not simply a mixture of the other two is shown by the 
fact that when any two are ground together in a mortar the melting-point of the 
mixture is no longer sharp, and the two modifications can he separated again by 
the use of a suitable solvent. A mixture of equal parts of the modifications 
melting at 205-200® and 211--212® began to soften at 204® and finished melting at 
200® ; the whole of the lower melting modification could be removed by washing 
with cold ethylic acetate. 

A mixture of equal parts of the modifications melting at 202-203® and 
211-212® began to shrink at about 200® and was not entirely melted until 208®. 
The lower melting substance could be removed by washing with warm benzene. 

The property of existing in three such modifications is not confined to benzoyl- 
phenylaemicarbazide. I liave obtained by similar means, that is, the action of 
various solvents at different temperatures, throe modifications of phenylsemicarbazide, 
the ordinary form melting at 172®, which in its properties corresponds with the 
Michaelis-Schmidt benzoyl derivative, and two lower melting forms melting at 
164® and 151®, of which tl^e one which melts at 151® corresponds in its insolubility 
and its stability in benzene with Widman’s benzoylphenylsemicarbazide, 

o-Tolylsemicarbazide, p-tolylsemicarbazide, and l>inzoyl-p-tolylsemicarb- 
azide have each been found capable of existence in three modifications, and 
from indications obtained with other semicarbazides it seems probalde this would 
be the case with all those of the general form It.R'.NJI.NII.fyO.NHj where 
R is a benzenoid radical and R' is hydrogen or benzoyl. 

As to the relatiou;of these modifications to each other, the semicarbazides in 
question may he trimorplious, or we may have to deni with some form of stereo- 
isomerism, Unfortunately, although we have tried n number of reactions, we 
have not been able as yet to find one which showed a difference in the chemical 
behaviour of the three modifications, and we might therefore accept the theory of 
triinorphism were it not for two facts. 

The first is that it is |X)88ihle to recrystallise two and sometimes all three 
modifications from the same solvent, and (*\en in presence of one another, without 
conversion of one into aiioUier. 'Fliat .‘^eems tt^ me to dispose of tri morph ism. 

The second fact is that witli certain semicarbazides, diphenvlsemiearbazide 
(C„H,),N.II.CO.NH,, bydrazodicarbainide MI,.CO.]N'II.Nn.(T).Nn,, and benzal- 
semicarbazone 0,,n.,.CU.iS.Xn.C().NII ,, 1 have been unable to oWin even a 
auggestion of a second form. 

That seems to point to t he property of existing in these different forms being 
dependent on the nature of the groups in position 1, 

NII.,.NlI.CO.NII,. 

(1) (2) (a) (4) 

At present, however, we have not sufficient evidence on which to base any 
theoretical explanation. 


8. Report on Isomeric Naphthnleve Derivatives . — See Reports, p. 152. 


9. Report on Isomorphous Derivatives of Benzene . — See Reports, p. 78. 
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TUJSSDAY, SEPTEMBER 17. 

The following Papers and lleports were read: — 

1. Some Points in Chemical Education. By Joji Sakurai, LL . D .^ 

Professor of Chemistry in the Imperial University of Tokyo ^ Japan. 

The marvellous and wonderfully rapid progress which chemistry has made within 
the last fifteen years is characterised by the fact that not only experimental means 
of investigation have been extended, enriched, and made accurate, but also a number 
of comprehensive and fertile ide**s have been developed one after another, and 
deductive methods of inquiry made possible and found to be exceptionally 
fruitful ; chemistry has, in fact, thrown off much of its empirical character, and 
established itself to be a truly rational science. The educational value, which it 
has thus acquired, is enormous, a student of modern chemistry having ample oppor- 
tunities of cultivating the power of observation and the faculty of reasoning at the 
same time — a two-sided advantage which is possessed neither by an essentially 
descriptive science nor by an essentially abstract science. 

The teaching of chemistry from the point of view attained by the recent 
development is not only important for those who would become pure chemists, but 
also for those who would have to apply the knowledge of that science in special 
directions, such as physiology and chemical technology, inasmuch as its con- 
ceptions are exceedingly comprehensive and fertile, their applications in these 
directions having already led to some important practical results. It is also no 
less* important for the education of boys in secondary schools, as it puts the 
fundamental facts of chemistry in a clear, intelligent, and rational form, supplying 
requisite food for the healthy development of their brain. 

Notwithstanding these evident and exceptional advantages which the teaching 
of modern chemistry afibrds, it is still taught, to a great extent, in the same dry 
and merely descriptive way as in old days, explanations which are in direct 
opposition to*well-establi 8 hed facts being, moreover, not unfrequently given ; and 
for the interest of our science and profession this state of things should be speedily 
remedied. 

One of the remedies would be to remove certain misconceptions which seem to 
prevail pretty freely. Now the name ^physical chemistry,^ which has come into 
general use, has apparently given to many an idea that it is a special branch of 
chemistry, whilst, in fact, it pervades the whole domain of our science and treats 
of specially important and fundamental chemical questions. Exclusive use of the 
name ^general chemistry,’ in its stead, would have the effect of removing this 
misconception and of accelerating a more free introduction of modern views into 
the teacning of chemistry. Another misconception, which seems to have 
crept into the minds of many, relates to the use of mathematics. It is often 
stated that, as the treatment of general chemistry requires higher mathematics, 
it 18 neither possible nor desirable to introduce it into elementary teaching, but in 
this opinion there is a confusion of ideas. It is true that, for a detailed study and 
cultivation of general chemistry, a fair knowledge of higher mathematics is both 
desirable and necessary. This fact should, indeed, be clearly and generally 
recognised, and students of chemistry should be encouraged to acquire this 
knowledge. But the teachings of general chemistry can be introduced into 
elementary text-books without any mathematics, and yet in a concise, useful, and 
interesting form ; moreover, simple and appropriate lecture experiments, illus- 
trating the laws of chemical dynamics, the theory of solutions, &c., can be easily 
contrived. 

A very effective remedy would be to diffuse the knowledge of, and to increase 
the interest in, modem views among the teachers in secondary schools. For this 
purpose courses of lectures, in which general chemistry is amalgamated with 
descriptive matter, should be given to them, say during summer vacations ; also 
writing of elementary text-books on the same plan should be encouraged. 

The objection, which might be raised, that the attempt to give a fair training 
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in generar chemistry over and beyond what it has been customary to teach takes 
too much time is met by the consideration of the fact that some portion of the 
descriptive matter usually given in lectures may be cut oft*, not with inconvenience, 
but rather with advantage, inasmuch as in the class-room the attention of 
students should be more directed to points of general interest and importance, 
whilst the time usually devoted to analytical work in the laboratory may also be 
conveniently shortened, what the student should learn from it being rather 
principles and methods of analysis than mere practical skill. 


2. On the Detection and Estimation of Arsenic in Beer and Articles 
of Food. By W. Thomson, F.R.S^E. 


3. On the Nomenclature of the Ions. 
By Professor James Walker, F.B.S. 


4. On the Equilibrium Lam as applied to Salt Separation and to the 
Formation of Oceanic Salt Deposits. By Dr. E. Erankland Arm- 
strong. — See Heports, p. 262. 


5. Report on the Bibliography of Spectroscopy . — See Reports, p. 155. 


WEDXESDAY, SEPTEMBER 18, 

The following Papers were read : — 

1, The Electrolytic Conductivity^ of Halogen Acid Solutions. 
By Dr. J. Gibson. 


2. On the Flame Coloration and Spectrum of Nickel Compounds. 

By P. J. Hartog. 

It was shown that when nickel acetate is brought into a Bunsen flame totrether 
"Nvith hydrochloric acid two kinds of coloration may be produced: (1) a temporary 
purple coloration which flashes out and disappeais ; (^2) a more ])ermaneut deep- 
red coloration. The temporary coloration is so evanescent that the spectrum of 
bright lines to which it gives rise could not be mapped by the eve. It is hoped 
to record it photographically. The deep-red coloration gives with a single prism 
spectroscope two bands — a red band, extending from wave length 6292 to (>126, 
and a green band, extending from 5328 to 52t)0. It was shown by spraying a 
10 per cent, solution of nickel acetate into a Smithells separator that the colora- 
tion is produced in the inner cone. The solution must he either mixed with 
hydrochloric acid or chloroform vapour must be introduced into the flame in the 
manner used by Smithells in his researches on flame coloration. N ickel cliloride 
introduced into the flame gives only a slight red coloration. Cobalt acetate was 
found to yield no flame coloration. 

The tneory of flame coloration is still obscure, despite the researches of 
Pringsheim and Smithells ; but these experiments lend support to the view that 
chemical action is necessary for the production of colour in the flame. It was 
pointed out that in the case of manganese the flame coloration (green) said to be 
* sometimes ’ produced can always be produced with the acetate. 

1901. s s 
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3 . The Methods of Determining the Hydrolytic Dissociation of Salts, 
By Dr. R. C. Farmer. — See Reports, p. 240. 

4. The Influence of Solvents on the Rotation of Optically Actix'^e 
Compotmds. By Dr, T. S. Patterson. 
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Section C.— GEOLOGY. 

PltESlBENT OF THE SECTION — JOHN IIORNE, I'.lv.S., F.Il.S.E., P\G.S. 


THURSDAY, SEPTEMBER 11. 
Tlie President delivered the following Address : — 


Jloctnf Ad canoes in Scottish Geology. 

A quarter of a century has elapsed since the British Association met in this 
great industrial centre, when Professor Young, in liis presidential address to this 
Section, pointtni out some of the dilHculties which, as a teacher, he experienced in 
summarising the principles of geology for his students. At that meeting, also, the 
late Duke of Argyll, wliose interest in geological questions never faded, gave an 
address G)n the Physical Structure of the Highlands in connection with their 
Geological History.’ The return of the Association to the second city of the 
empire, which since 1H76 has tmdergone remarkable development, due in no small 
measure to tlie mineral wealth (d' the surrounding district, suggests the question. 
Has Scottish geology made important advances during this interval of time? 
Have we now more definite knowledge of the geological systems represented in 
Scotland, of their structural relations, of the principles of mountain-building, of 
the zonal distribution of organic remains, of the volcanic, plutonic, and meta- 
niorphic rocks so largely developed within its borders? It is true that many 
problems still await solution, hut anyone acquainted witli the liistoryof geological 
research must answer these questions without liesitation in the affirmative. In 
the three great divisions of geological investigation — in stratigraphical geology, in 
pal.i'ontology, in petrology— the progress lias indeed been remarkable. The details 
of these researches are doubtless familiar to many who liave taken an active share 
in the work, hut it niny serve a useful purpose, and perliaps ))o helpful as a land- 
mark to give now an outline of some of the permanent advances in the solid 
geology of Scotland during the last quarter of a century. 

The of Archa an ginusses and schi.sts, wliich may he said to form the 
foundation stones of Scotland, have been mapped in giv‘at detail by the Geological 
Surv(‘y since JSSo along the western pari, of the mainland in the counties of 
Sutherland and llos.s. In that region they occupy a well-defined position, being 
demonstrably older than the great sedimentary formation of Torridon Sandstone 
and overlying ( -amhrian strata. The ina])ping of tliis belt by the survey stall’ and 
the detailed study of the rocks both in the fiidd and witli the microscope by Mr. 
Teall have revealed the complexity of the structural relations of these crystalline 
masses, and have likewise thrown considerable light on their history. These 
researclies indicate that, in the North-west Highlands, the Lewisian (Archiean) 
gneiss may be resolved into (1) a fundaniental complex, composed mainly of 
gneisses that have affinities with plutonic igneous products, and to a limited extent 
of crystalline schists which may without doubt be regarded as of sedimentary 
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origin ; (2) a great series of igneous rocks intrusive in the fundamental complex in 
the form of dykes and sills.^ 

The rocks of the fundamental complex which have affinities with plutonic 
igneous products occupy the greater part of the tract between Cape Wrath and 
Skye. Mr. Teall has shown that they are essentially composed of minerals that 
enter into the composition of peridotites, gabbros, diorites, and granites ; as, for 
example, olivine, hypersthene, augite (including diallage), hornblende, bintite, 
plagioclase, orthoclase, microcline, and quartz. In 1804 he advanced a classifica- 
tion of these rocks, based mainly on their mineralogical composition and partly 
on their structure, which has the great merit of being clear, comprehensive, and 
independent of theoretical views as to the history of the rock masses. Stated 
broadly, the principle forming the basis of classification of three of the groups is 
the nature of the dominant ferro-magnesian constituent, viz., pyroxene, horn- 
blende, or biotite, while the members of the fourtli group are composed of ferro- 
magnesian minerals without felspar or quartz - The detailed mapping of the 
region has shown that these rock-groups have a more or less definite geographical 
distribution. Hence the belt of Lewisian gneiss has been divided into three dis- 
tricts; the first extending from Cape Wrath to TiOch Ijaxford ; the second, from 
near ^ourie to beyond Lochinver, and the third from Griiinard Ikiy to the island 
ofRaasay. In the central area (Scourie to Lochinver) pyroxene gneisses and 
ultrabasic rocks (pyroxenites and hornblendites) are specially developed, while the 
granular hornblende rocks (hornblende gneiss proper) and the biolite gneisses are 
characteristic of the northern and southern tracts. Those are the facts, whatever 
theory he adopted to explain them. 

In those areas where the original structures of the Lewisian gneiss have not 
been efl'aced by later mechanical stresses it is possible to trace knots, bands, and 
lenticles of unfoliated, ultrabasic, and basic rocks to note the imperfect separation 
of the ferro-magnesian from the quart zo-felspathic constituents, to observe the 
gradual development of mineral banding and the net-like ramification of acid 
veins in the massive gneisses. Many of these rocks cannot be Appropriately 
described as gneiss. Indeed, Mr. Teall has called attention to the close analogy 
between these structures and those of plutonic masses of younger dat(‘. 

In the Report on Survey Work in the North-WTst Highlands, published in 
1888, the parallel banding, or first foliation, as it was then termed, of these original 
gneisses was ascribed to mechanical movement.'^ But the paper on * Banded 
Structure of Tertiary Gabbros in Skye,^ by Sir A. Geikie and Mr. Teall, ‘ throws 
fresh light on this question. In that region the gabbro displays the alternation of 
acid and basic folia, the crumpling and folding of the bands like the massive 
gneisses of the Lewisian complex. Obviously in the Skye gabbro the structures 
cannot be due to subsequent earth movements and deformation. The authors 
maintain that they are original structures of the molten magma, and, consequently, 
that much of the mineral banding of the Lewisian gneisses, as distinguished from 
foliation, may be due to the conditions under which the igneous magma was 
erupted and consolidated. Whatever theory be adopted to explain the original 
mineral banding of the Lewisian gneisses, it is certain that they possessed this 
banding, and were thrown into gentle folds before the uprise of the later intrusive 
dykes. 

The crystalline schists that have affinitievS wuth rocks of sedimentary 
origin occupy limited areas north of Loch Maree and near Oairloch. The pro- 
minent memWs of this series are quartz schists, mica schists, graphitic schists, 

' Report on the Recent Work of the Geological Survey In the North-west High- 
lands of Scotland based on the Field-notes and Maps of Messrs. B. N. Peach, 
J. Horne, W. Gunn, C. T. Clough, L. W. Hinxman, and H. M. Cadoll, Quart. Jmm. 
Gaol, Soc.t vol. xliv. p. 387 ; and Annual Report of the Geological Survey for 1894, 
p. 280, and 1895, p. 17. 

* Annual Report of the Geological Survey for 1894, p. 280. 

* Qua/rt, Journ. Oeol. Soo., yo\. xliv. p. 400. 

* JHd.y vol. 1. p. 645. 
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limestones and dolomites with tremolite, garnet and epidote.^ They are therfe 
associated with a massive sill of epidiorite and hornblende schist. The relations 
which these altered sediments bear to the gneisses that have alHnities with 
plutonic igneous products have not been satisfactorily determined. But the 
deUiiled mapping has proved that north of Loch Maree th(\y rest on a platform of 
Lewisian gneiss, and are visibly overlain by gneiss with basic dykes (Meal! 
Riabhach), and that both the gneiss complex and altered sediments have been 
atlected by a common system of lolds. In the held, bands of my Ionised rock have 
been traced near the base of the overlying cake of gneiss, and the microscopic 
examination of the latter by Mr. Teall has revealed cataclastic structures due to 
dynamic movement. It is obvious, therefore, that, whatever may have been the 
original relations of the altered sediments to the gneiss complex, these have been 
obscured by subsequent earth-stresses. 

The great series of later igneous rocks which pierce the fundamental complex 
in the form of dykes and sills is one of the remarkable features in the history of 
the Lewisian gneiss. In 1805 Mr. Teall advanced a classi heat ion of them,- but 
his recent researches show that they are of a much more varied character. For 
our present purpose we may omit the dykes of peculiar composition and refer to 
the dominant types. These comprise: (1) ultrabasic rocks (peridotite), (2) basic 
(dolerite and epidiorite), and (3) acid (granite and pegmatite). The evidence in 
the field points to the conclusion that the ultrabasic rocks cut the ba.sic, and that 
the granite dykes were intruded into the gneisses after the eruption of the basic 
dykes. The greater r’.mber of these dykes consists of basic materials. It is 
important to note that the basic rocks best preserve their normal dyke-like 
features in the central tract between Scourie and Lochinver, where they traverse 
the pyroxene giuusses. But southwards and northwards of that tract, in districts 
where they have been subjected to great dynamic movement, they appear as 
bands of hornblende schist, whicli are difiicult to se])arate from the fundamental 
complex. ''I'he acid intrusions are largely developed iu the northern tract between 
Lnxtbrd and Durness; indeed, at certain localitie.N in that region the massive and 
foliated granite and pegmatite are a.s conspicuous as the biotite gneisses and horn- 
blende gneisses with which they are a.ssociated. 

After the eruption of the various intrusive dykes the whole area was 
subjected to enormous terrestrial stresses wliicli profoundly afiected the funda- 
mental complex and the dykes which traverse it. Tliese lines of movement 
traverse the Lewisian plateau in various direction.s ])roducing planes of disruption, 
molecular rearrangement of the minerals and the devehqnnent of foliation. It 
seems to be a general law that tlie new planes of foliation both in the gneiss and 
dykes are more or le.ss parallel with the planes of movement or disruption. If 
the latter be vertical or nearly horizontal the inclination of the foliation planes is 
found to vary accordingly. 

Close to the well-defined di.'^rupt ion-planes, like those between Scouric and 
Kyle.sk u, the gnei.ss loses its low 4Mngle, is thrown into sharp folds, the axes of 
which are ])ni’allel with the planes of movement. The folia are attenuated, there 
is a molecular rearrangement of the minerals, and the resultant rock is a granulitic 
gnei.ss. Indeed, the t‘videuce in the field, whicli has been confirmed by the micro- 
scopic examination of the rocks by Mr. Teall, seems to show that granulitic biotite 
and hornblende gneisses are characteristic of the zones of secondary shear. A 
further result of the.'^e earth-stresses is the plication of the original gneisses in 
sharp folds, trending N.AV. and S.E. and E. and AV. ; and tlie partial or complete 
recrvstallisation of the rocks along tlie old planes of mineral banding. 

In like manner, when the basic dykes are oblicjuely traversed by lines of 
disruption, tbey are defiocted, attenuated, and within the shear zones appear 
frequently as phacoidal ma8.se8 amid the reconstructed gneiss. These phenomena 
are accompanied by the recrystallisation of the rock and its metamorphosis into 
hornblende schist. Similar results are observable when the lines of movement 

* Annual Report of the Oeological Surrey for 1895, p. 17. 

* Ihid,, p. 18. 
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are parallel with the course of the dykes. All the stages of change from the 
massive to the schistose rock can be traced — the replacement of pyroxene by 
hornblende, the conversion of the felspar and the development of granulitic 
structure with foliation. Here we have an example of the phenomena developed 
on a larger scale by the post-Oambrian movements, viz., the production of common 
planes of schistosity in rocks separated by a vast interval of time, quite irrespec- 
tive of their original relations. For both gneiss and dykes have common planes 
of foliation, resulting from earth-stresses in pre-Torridonian time. 

It is important to note also that linear foliation is developed in the basic dykes 
where there has been differential movement of the constituents in folded areas. In 
the case of the anticline mapped by Mr. Clough, near Poolewe in lloss-shire, he 
has shown that the linear foliation is parallel 'with the pitch of the folds. All 
these phenomena tend to confirm the conclusions arrived at by Mr. Teall, and pub- 
lished in his well-known paper ‘On the JMetamorpliosis of Dolerite into Hornblende 
Schist.’ 1 

The ultrabasic and acid rocks likewise occur in tlu' schistose form, for the 
peridotites pass into talcose schists and the granite becomes gneissose. 

In connection with the development of schistosity in these later intrusive rocks 
it is interesting to observe that where the basic dykes merge completely into horn- 
blende schist, and seem to become an integral part of the fundamental complex, 
biotite gneisses and granular hornblende gneisses prevail. Whatever be the 
explanation, the relationship is suggestive. 

The unconformabiliiy between the Lewisian gneiss and the overlying Torridon 
Sandstone, which was noted by Maccullocli and confirmed by later ooservers, must 
represent a vast lapse of time. When tracing this base-line southwards through the 
counties of Sutherland and Ross, striking evidence was obtained by the (Geological 
Survey of the denudation of that old land surface. In the mountainous region 
between Loch Maree and Loch Broom it has been carved into a series of deep 
narrow valleys with mountains rising to a lieight of 2,CKK) feet. In that region it 
is possible to trace the orientation of that ])uried mountain chain and the direction 
of some of the old ri^er courses. This remnant of Arcluean topography must be 
regarded as one of the remarkable features of that intt'resting region. 

In 1893 the various divisions of tlie Torridon Sandstone, as developed between 
Cape Wrath and Skye, were tabulatcvl by the CJeological Survey, winch may here 
be briefly summarised. They form three groups : a lower, composed of e])idotic 
grits and conglomerates, dark and grey shales with calcareous bands, red sand- 
stones, and grits ; a middle, consisting of a great succession of false-bedded grits 
and sandstones; an upper, comprising chocolate-coloured sandstones, micaceous 
flags with dark shales and calcareous bands. total tliickness of this great pile 

of sedimentary deposits must be upwards of 10,000 feet, a)id if Mr. (’lough’s 
estimate of the development of the lower group in Skye be correct, this amount 
must be considerably increa.sed. Of special inler(‘st is the evidence bearing on the 
stratigrapliical variation of the Torridon Sandstone wlien traced southwards across 
the counties of Sutherland and Ross. The lower group is not represented in the 
northern area, but southwards, in Ross-shire, it appears, and between liOch 
Maree and Hleat varies from 5(X) to several thousand feet in thickness. These 
divisions of the Torridon Sandstone are of importance in view of the correlation of 
certain sediments in Islay with the middle and lower Torridonian groups which 
there rest unconformably on a platform of Lewisian gneiss. 

In continuation of the researches of Dr. Hicks, published in his paper ‘ On Pre- 
Cambrian Rocks occurring as Fragments in the Cambrian Conglomerates in Britain,’ ^ 
Mr. Teall has specially investigated the pebbles found in the Torridon Sandstone. 
The local basement breccias of that formation ha ve doubtless been derived from the 
platform of Lewisian gneiss on which they rest, but the pebbles found in the coarse 
arkose tell a different story He has found that they comprise quartzites showing 

' Quart. Journ. Geol. Soc.^ vol. xli. p. 133. 

* Geol. Mag., 1890, p. 616. 

• Annual Report of the Geological Survey for 1896, p. 20. 
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contact alteration, black and yellow cherts, jaspers with spherulitic structures 
which indicate that they have been formed iJy the silification of liparites of the 
* Lea-rock ’ type and spherulitic felsites that bear a striking resemblance to those 
of [Jriconian age in Shropshire. These interesting relics have been derived from 
formations which do not now occur anywhere in the western part of the counties 
of Sutherland and Koss, and they furnish impressive testimony of the denudation 
of the Archtean plateau in pre-Torridonian time. 

These Torridonian sediments, like the sandstones of younger date, contain lines 
of heavy minerals, such as magnetite, ilmenite, zircon, and rutile.^ The dominant 
felspar of the arkose group is microcline, that of the basal group oligocl.i'ii*. In 
the calcareous sediments of the upper and lower groups fossils might naturally be 
expected, but the search so far has not been very successful. Certain phosphatic 
nodules have been found in dark micaceous shales of the upper group which have 
been examined by Mr. Teall. From their chemical composition these nodules 
might bo regarded as of organic origin ; but he has found that they contain 
spherical cells with brown-coloured fibres, which appear to be debris of organisms.- 

Early in last century the 'J’orridonian deposits were referred by Macculloch 
and Kay Cunningham'^ to the ‘Primary Red Sandstone,’ and by Murchison,’ 
Sedgwick, and Hugh Miller to the Old Red Sandstone. The structural relations 
of the Torridon Sandstone to the overlying series of quartzites and limestones 
were first clearly shown by Professor Nicol," wiio traced the unconformability 
that separates them for 100 miles across the counties of Sutherland and Ross. 
When Salter pointed out the Silurian facies of the fossils found in the Durness 
limestone by Mr. Charles Peach, the Torridonian formation was correlated with 
th(^ Cambrian rocks of Wales by Murchison.^ The discovery of the Olenellm 
fauna, indicating the lowest division of the Cambrian system, in the quartzite- 
liinestone series by tlie Geological Survey in 1801 demonstrated the pre-Cambrian 
age of th(‘ Torridon Sandstone. In view of that discovery, which proves the 
great antiquity of the Torridoiiiau sediujents, it is impossible to climb those 
picturesque mountains in Assyiit or Applecross without being impressed with 
the unaltere<l character of theses deposits. Yet it can be shown that under the 
inl1uen(‘o of posl-( 'ambriau movmnentvs they approach the type of crystalline 
schists. 

ilefore proceedinir to the consideration of the Durness series of quartzites and 
limestones and their relations to the IsasUrn Schists, brief reference must bo 
made ti» the controversy between Murchisou and Nicol regarding the sequence of 
the strata. 

The detailed mapjiing of the belt- between Eriboll and Skye by the Geological 
Survey has completely ctmtinned Nicola conclusions (^1) that the limestone is 
the higliesl niemln'r of the Durness series; (2) that the so-called ‘Upper Quartzite’ 
and ‘ Upper Limestone’ of Murchison’s sections are merely the repetition of the 
lower quartzite and limestone due to faults or folds; (d) that there is no con- 
formahh' sequence from the quartzites and limestones into the overlying schists 
and gneis.s ; (4) that the line of junction is a line of fault indicated by proofs of 
fracture and contortion of the strata. It is true that in the course of lus investi- 
gations Nicol’s views underwent a process of involution, and that even in the form 
in wliicli ho ultimately pro.sented them ho did not grasp the whole truth. Wo 
now know that he was in error when he regarded portions of the Archman gneiss, 


• Annual Ueport of the (tcolnqical Surirf/ for p. 203. 

2 1800, p. 183. 

^ 7ran{t. (tcoL Soc,, ser. 1, vol. ii. p. 450 ; T/ic Weslern of ^cotlnnd^ vol. ii. 

p. 80. 

* Transactions of the Highland and Agricultural Society of Scotland, vol. xiii. 
(1830). 

^ 'Trans, (SeoL Soc.^ scr. 2, vol. iii. p. 155. 

“ Quart. Journ. Geol. Soc.^ vol. xiii. p. 17. 

’ Ibid,, vol. XV. p. 353. 

" Jbid., vol. xlviii. p. 227. 
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occurring in the displaced masses, as igneous rocks intruded during the earth- 
movements, and that he failed to realise the evidence bearing on dynamic meta- 
morphism resulting from these movements. But I do not doubt that the verdict 
of the impartial historian will be that Nicol displayed the qualities of a great 
stratigraphist in grappling with the tectonics of one of the most complicated 
mountain chains in Europe. 

The period now under review embraces the reopening of that controversy in 
1878 by Dr. Hicks, and its close in 1884 after the publication of the * Keport on 
the Geology of the North-west of Sutherland,’ by the Geological Survey.^ The 
Survey work has confirmed Professor Bonney’s identihcation of the Lewisian 
gneiss and Torridon Sandstone in Glen Logan, Kinlochewe,- brought into that 
position by a reversed fault ; and Dr. Callaway’s conclusions regarding overthrust 
faulting at Loch Broom, in Assynt and in Glencoul. ’ Special reference must be 
made to the remarkable series of papers by Professor Lapworth on * The Secret 
of the Highlands,’ in which he demonstrated the accuracy of Nicol’s main con- 
clusions, and pointed out that the stratigraphical phenomena are but the counter- 
part of those in the Alps, as described by Heim.'^ His researches, moreover, led 
him to a departure from Professor Nicol’s views regarding the age, composition, 
and mode of formation of the Eastern Schists, for in the paper which he com- 
municated to the Geologists’ Association in 1884 he announced that their present 
foliated and mineralogical characters had been developed by the crust-movements 
which operated in that region since the time of the Durness quartzites and lime- 
stones.’ Allusion must be made also to his great paper *On the Discovery of 
the Olenellus Fauna in the Lower Cambrian Pocks of Britain,’ in which ho not 
only chronicled the tinding of this fauna at the top of the basal quartzite in 
Shropshire, but suggested the correlation of the Durness quartzites and limestones 
with the Cambrian rocks elsewhere.’’’ That suggestion was strikingly confirmed 
within three years afterwards by the discovery of the Olenellus fauna in Iloss- 
shire. 

The detailed mopping of the belt of Cambrian strata has proved the striking 
uniformity of the rock sequence. There is little variation in the lithological 
characters or thicknesses of the various zones. Basal quartzites, pipe-rock, Fucoid- 
beds, Serpulite {Salterella) grit, limestone, and dolomite form the invariable 
sequence, for a distance of a hundred miles, to the west of the line of earth-move- 
ments. This feature is also characteristic of the fossiliferous zones, for the sub- 
zones of the pipe-rock, the OleyielUis fauna in the Fucoid-beds, and the Salterella 
limestone have been traced from Eriboll to Skye. Owing to the interruption of 
the sequence by reversed faults or thrusts, the higher fossiliferous limestone zones 
are never met with between Eriboll and Kishorn, but they occur in Skye, where 
they were first detected by Sir A, Geikio." 

Regarding the palaeontological divisions of the system, my colleague, Mr. 
Peach, concludes ‘ that the presence of three species of Olenellus in the Fucoid- 
beds and Serpulite-grit of the North-west Highlands, nearly allied to the American 
form Olenellus Thonisoni — the type species of the genus — togethtu* with Jli/olit/tesy 
Salterella, and other organism.s found with it, prove that these beds represent the 
Georgian terrane of America, which, as shown by Walcott, underlies the Para- 
doxides zone.’ Hence he infers that there can be no doubt of the Lower Cambrian 
age of the beds yielding the Olenellus fauna in the North-west Highlands. Mr. 
Peach further confirms Salter’s opinion as to the American facies of the fossils 
obtained from the higher fossiliferous zones of the Durness dolomite and limestone. 
He states that Hhe latter fauna is so similar to, if not identical with, that occurring 
in Newfoundland, Mingan Islands, and Point Levis, beneath strata yielding the 

* Nature, vol. xxxi. p. 29, November 1881. 

‘ Quart. Journ. Qeol. Soc., vol. xxxvi. p. 93. ’ Ihld., vol. xxxix. p, 416. 

* Geol. Mag., Dec. 2, vol. x. pp. 120, 193, 337. 

* Proc. Geol. Assoc., vol. viii. p. 438 ; Geol. Mag., Dec. 3, vol. ii. 1885, p. 97. 

* Geol. Mag., Dec. 3, vol. v. pp. 484-487. 

' Quart, Journ. Geol. Soc., vol. xliv. p. 62. 
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Phyllograptus fauna of Arenig age, that the beds must be regarded os belonging 
to the higuer divisions of the Cambrian formation/ 

The intrusive igneous rocks of the Assynt region, of later date than Cambrian 
time, and yet older than the post-Cambrian movements, have been specially studied 
by Mr. Teall, who has obtained results of special importance from a petrological 
point of view. This ]M h-')‘,-n-aphical province embraces the plutonic complex of 
(Jnoc na Sroine and Loch llorolan, ancl the numerous sills and dykes that traverse 
the Cambrian and Torridonian sediments, and even the underlying platform of 
Lewisian gneiss. lie infers that the plutonic rocks have been formed by the con- 
solidation of alkaline magmas rich in soda. At the one end of the series is the 
quartz-syenite of Cnoc na Sroine, and at the other the basic augite-syenite, 
nepheliiie-syenite, and borolaiiite. The basic varieties occur on the margin, and 
the acid varieties in the centre. The sills and dykes comprise t^^o well-marked 
ty])es, camptonites or vogesites, and felsites with alkali felspar and icgirine, which 
lie believes to represent the dyke form of the magmas tliat ga\e rise to the plutonic 
mass.’ 

The striking feature in the geology of the North-west Highlands is the evidence 
relating to those terrestrial movements that affected that region in post-Cambiian 
times, which are without a parallel in Britain. The geological structures produced 
by tliese displacements are extremely complicated, but the vast amount of evidence 
obtained in the course of the survey of that belt clearly proves that, though the 
sections vary indefinitely aiong the line of complication, they have certain features 
in common which throw much liglit on the tectonics of that mountain chain. 
iSouie of these features may thus bt* hrieily summarised. 

1. By means of lateral compn'ssion or earth-creep the strata are thrown into 
a series of inverted folds which culminate in reversed faults or thrusts. 

2. Without incipient folding, the strata are repeated by a series of minor 
thrusts or reversed faults which lie at an oblique angle to the major thrust- 
planes and dip in the direction from which the pressure came, that is, from the 
east. 

d. By means of major thrusts of varying magnitude the following structures 
are produced: {a) the piled up Cambrian strata are driven westwards along 
planes formed by the underlying undisturbed materials; (/;) masses of Lewisian 
gneiss, Torridon Sandstone, and Cambrian rocks are made to override the under- 
lying piled-np strata ; (c) the Eastern Schists are driven westwards and, in some 
cases, overlap all major and minor thrusts till they rest directly on the undisturbed 
Cambrian strata. 

When to these features are adde<l the elkcts of normal faulting and prolonged 
denudation, it is possible to form some conception of the evolution of those extra- 
ordinary structures which are met with iu that region. Some of the features just 
described occur in other mountain chains atlected by terrestrial movement, as in 
the Alps and in Provence; but there is one which appears to be peculiar to the 
North-west Highlands. It is the remarkable overlap of tlie Moine Thrust-plane — 
the most easterly of the givat lines of displacement. /\long the southern contines 
of the wild and complicated region of Assynt, that plane cnn he traced westwards 
for a distance of six miles to the Knockan clitf, when; ilie micaceous flagstones rest 
on the Cambrian limestone. In Durness we find an outlier of the Eastern ^Schists 
reposing on Cambrian limestone, then* preserved by normal faults, at a distance of 
about ten miles from the mass of similar schists east of Loch Eriboll, with which 
it was originally continuous. 

Though many of these structures appear incredible at first, it is worthy of note 
that some have been reproduced experimentally by Mr. Cadall.* He took layers 
of sand, loam, clay, and plaster of Paris, and after the materials had set into hard 
brittle laminm, in imitation of sedimentary strata, he applied horizontal pressure 
under varying conditions. The results, some of which may here be given, were 
remarkable. 


* Gfol. Jfaff., December 4, vol. vii. p. 385 (1900). 
^ Trans, Royal Soc, Edinbiiryh, vol. xxxv. p. 337. 
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1. The compressed mass tends to find relief along a series of gently inclined 
thrustrplanes, which dip towards the side from which pressure is exerted, 

2. After a certain amount of heaping up along a series of minor thrust-planes, 
the heaped-iip mass tends to rise and ride forward bodily along major thrust- 
planes. 

3. The front portion of a mass being pushed along a thrust-plane tends to bend 
over and curve under the back portion. 

4. A thrust-plane below ina}*^ pass into an anticline above ; and a major thrust 
plane above may and probably always does originate in a fold below. 

Now these important experiments confirm the conclusion reached by the 
Geological Survey from a study of the phenomena in the field, viz., that under 
the influence of liorizontal compression or earth-creep the rocks in that region 
behaved like brittle rigid bodies which snapped across, were piled up and driven 
westwards in successive slices. Hut, further, these displacements were accompanied 
by differential movement of the materials which resulted in the development of 
new structures. These phenomena culminate along the belt of rocks in immediate 
association with the Moine Thrust, where the outcrop of that thrust lies to the 
east of a broad belt of displaced materials. There, Lewisian gneiss, Torridon 
Sandstone, and Cambrian quartzite are sheared and rolled out, presenting new 
divisional planes parallel with that of the Moine Thrust. The Lewisian gneiss 
shades into flaser gneiss and schist, and ultimately passes into a banded rock like a 
platv schist. The pegmatites show duxioii structure with felspar ‘ eyes * like 
that of the rhyolites. At intervals in these zones of highly .sheared rocks, pha- 
coidal masses of Lewisian gneiss appear, in which the pre-Torridonian struct iires 
are not wholly effaced. The sills of camptonite and felsite intrusive in the Cam- 
brian rocks become schisto.«e and togetlier wdth the sediments in which they occur 
appear in a lenticular form. All these mylonised rocks show a characteristic 
striping on the divisional planes, due to orientation of tiie constituents in the 
direction of movement. 

Still more important evidence in relation to the question of rt'gional metaraor- 
phism is furnished by the Torridon Sandstone. In the case* of the basal <‘()n- 
glomerate the pebbles have* been flattened and elongated, and a fine wavy structiirt* 
has been developed in the matrix. In the district of Hen More, Assynt planes of 
schistosity, more or less parallel with the planes of t he Hen More Thrust, pass 
downwards from the Torrid-”. ’-.I into the 'iiidfrlyiug gneiss. Hoth 

have a common foliation -p-* 'w- ■' 'tie unconformahihiy between tliem. 

Again, along th(; great inversion south of StromefeiTy, foliation has been developed 
in the Torridon e on glom orate and overlying Lewisian gneiss, paralkd to the plane 
of the Moine Thrust, d’he Torridon grits and sandstones south of Kinlochewe 
and between Kishorn and Loch Alsh are similarly affected by the post-(vambrian 
movements Mr. Teall has shown that the quartz grains liave been drawn out 
into lenticles and into thin folia that wind round * eyes ' of felspar. A secondary 
crypto-crystalline material has been produced, sericitic mica nppfairs in the divi- 
sional planes, and in some instances hiotite is developed. In short, he concludes 
that in these deformed Torridon ian sediment.s there is an approximation to the 
crystalline schists of the Moine type. The stratigraphical horizon of these rocks 
can be clearly proved. The subdivisions of the Torridon Sandstone have b(ien 
recognised in those displaced masses which lie to the east of tlie Kishorn Thrust 
and to the west of the Moine Thrust. It is worthy of note also that in the belt 
of highly sheared gneiss south of Stroraeferry that comes between the Torridonian 
inversion in the west and the Moine Thrust on tlu*, east Mr. Peach has found 
folded undfaultedinliers of the basal division of the Torridon Sandstone that have 
a striking resemblance to typical Moine schists. 

liegarding the age of these post- Cambrian movements, it is obvious that they 
must be later than the Cambrian limevstone and older than the Old lied vSandstone, 
for the basal conglomerates of the latter rest unconformably on tlie eastern schists 
and contain pebbles of basal quartzite, pipe-rock, limestone, and dolomite derived 
from the Cambrian rocks of the North-west Highlands. 

East of the Moine Thrust or great line of displacement extending from Eriboll 
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to Skye, we enter the wide domain of the metaniorphic rocks of the Highlands, a 
region now under investigation, and which presents difficult problems for solution. 
Two prominent types of crystalline schists (Caledonian series, Callaway, and Moine 
schists of the Geological Survey) have been traced over wide areas in the counties 
of Sutherland, lloss, and Inverness, and across the Great Glen to the northern 
slopes of the Grampians. Consisting of granulitic quartzose schists and muscovite* 
biotite schist or gneiss, they appear to be of sedimentary origin, though crystalline. 
They are associated with recognisable masses of Lewisian gneiss covering many 
square miles of ground and presenting many of the structures so characteristic of 
that complex in the undisturbed areas already described. Within the belt of 
Lewisian gneiss nt Glenelg Mr. Clough has mapped a series ol rocks presumably of 
sedimentary origin, including graphitic schists, mica schists, and limestom s, but the 
gneiss with which they are associated possesses granulitic structure Ukethat of the 
adjoining Moiiie schists.' Further, in the east of Sutherland, and also in the 
county of Ross, foliated and massive granites appear which are interleaved in the 
adjoining Moine schists, forming injection gneisses and producing contact meta- 
morphism.* 

In the Fasterii Highlands tlie Moine series disappears and is replaced by a 
broad development of schists, admittedly of sedimentary origin, which have been 
termed the Dalradian series by Sir A. (teikie. Within recent years it has been 
divided into certain rock-groups which have been traced ))y the Geological 
Survey from the counties ' f Banff and Alierdoen to Kintyre. It has been found 
that, though highly crystalline in certain areas, the)" pass along the strike into 
comparatively unaltered sediments, as proved by Mr. Hill in the neighbourhood of 
Loch Awe.'‘ Before the planes of schistosity were developed in these Dalradian 
schists they were pierced by sills of basic rock (gahbro and epidiorite) and acid 
material (granite), hotli of which must have shared in the movements that affected 
the schists, as they merge r(‘S])ectively into hornblende schists and foliated granite 
or biot ite gneiss. Both seem to have developed contact metamorphism ; indeed, 
Mr. Barrow* contends that the r* u'i<'n;d ii;-t!nii.>rphi‘'m so prominent in the south- 
east Highlands is mainly, if not wholly, due to the intrusion of an early granite 
magma, now exposi'd at the surfhce in the form of local bosses of granite and 
isolated veins of pegmatite. 

The age of the Dalradian schists has not been determined. Though there 
seems to he an apparent order of siqierposition, in this series it is still uncertain 
whether tliat im])lies the original seijuenoe of deposition. »Since Sir A, Gelkie 
applied the term Dalradian to theKnsterii Highland schists in 1801,’ evidence has 
been obtained*' tliat suggi‘sts the correlation of ctTtain rocks along the Highland 
iKirder with the Arenig and younger Silurian strata of the Southern Uplands. 
(Consisting of epidiorite, elilorite ndiist, radiolarinn eluTts, black shale-s grits, and 
limestone, they have been traced at inti*rval.> from Arran to Kincardineshire. In 
the latter region Mr. Barrow <*ontends that they are separated by a line of dis- 
ruption from the Highland schists to the north ; but no such discordance has been 
deteetiKi in the Uallandtu* district or in Arran. Though these rocks of the High- 
land border have been much deformed, yet their occurrence in the same order of 
succession in that region and in tlio Southern Uplands is presumptive evidence for 
their correlation. 

In view of this evidence it is not improbable that the Dalradian series may 
contain rock-groups belonging to different geological systems. Indeed, the result 
f>f recent Survey work in Islay tends to sujiport this view. For in the south-west 

* Summartf of Profjn ns of the Geological Surtry for ISPT, p. 

‘ On Foliated Granites and their Kelations to the (Crystalline Schists in Eastern 
Sutherland,’ Quart, Journ. Geol. Sfc., vol. lii. p. 033, 

* A /inual lloport of the Geological Surrey for 1803, p. 205. 

< ‘Intrusion of Muscovitc-biotite Gneiss in the South-east Highlands and its 
accompanying Metamorphism,’ Quart. Jonrn. Geol. Soc., vol. xlix. p. 330. 

» Quart, Journ. Geol. Soc., vol. xlvii. p. 72. 

* Annml Ileport of the Geological Sim^ey for 1803, p. 266 for 1896, p. 26; for 
1896, p. 27. 
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part of tliat island there is a mass of Lewisian gneiss overlaid uncon formably bj 
sedimentary strata which have been correlated with the lower and middle divisions 
of the Torridon Sandstone. Unfortunately the sequence ends here, as both the 
gneiss and overlying sediments are separated by a line of disruption or thrust- 
plane from the strata in the eastern part of the island. And yet, notwith- 
standing this break, the evidence obtained in the latter district is remarkable, 
whatever theory be adopted to explain it. There the Islay limestone and black 
slates appear to be covered unconfonnably by the Islay quartzite containing 
Annelid tubes and followed in ascending sequence by lucoidal shales and 
dolomites, suggestive of the Cambrian succession in Sutherland and Koss. The 
Islay quartzite passes into Jura, thence to the mainland, and it may eventually 
prove to he the Perthshire quartzite, while the Islay limestone and black slate are 
supposed to be the prolongations of the limestone and slate of the Loch Awe 
series in Argyllshire.^ 

From the foregoing data it will he seen that much uncertainty prevails 
regarding the age and structural relations of the metamorphic rocks of the High- 
lands, but the difficulties that here confront the observer are common to all areas 
affected by regional metamorphism. 

A prominent feature in the geology of the Eastern Highlands is the great 
development of later pliitonic rocks chiefly in the form of granite ranging along 
the Grampian chain from Aberdeenshire to Argyllshire. In connection with one 
of these masses a remarkable paper appeared in 1802 which in my opinion has 
profoundly influenced petrological inquiry in Scotland from the light which it 
threw on the relations of a connected series of petrographical types in a pliitonic 
complex. I refer to the paper on the ‘ J'lutouic Rocks of Garabal Hill and Meall 
Breac/ by Mr. Teall and Mr. Dakyns." 

The authors showed that this plutonic mass comprises granite, tonalite, augite- 
diorite, picrites, serpentine, and other compounds. Mr. Teall regards the members of 
this sequence as products of one original magma by a process of differentiation, the 
peridotites being ^he oldest rocks, because the minerals of which they are composed 
are the first to form in a plutonic magma. As the process of consolidation 
advances, rocks of a varied corapo.sition arise, in the order of increasing acidity, 
viz., diorites, tonalites, and granites. The most acid rock consists of quartz and 
orthoclase, which may represent the mother liquor after tin; other constituents 
had separated out. Mr, Teall concludes that progressive consolidation of one 
reservoir gives rise to the formation of magmas of increasing acidity, and hence 
that basic rocks should precede the acid rocks. This theory of 'liffereii- 

tiation— so strenuously advocated by Brbgger, Vogt, Kosenbus- b;«!:' L'-. Teall, 
and others — was first applied to the interpretation of varied types of plutonic 
masses in Scotland by Mr. Teall in the paper referred to. Since then he has 
extended its application to the granite masses in the Silurian tableland of the 
south of Scotland, whicli include rocks, ranging from liyperites at the one end to 
grauitite with microcliue, and aplite veins at the other.' Many of the phenomena 
presented by the newer granite masses of the Eastern Highlands seem to lend 
support to this theory. These views, indeed, have permeated the petrological 
descriptions of the granitic protrusions in the counties of Ahtrdeen and Argyll 
which have been given by Messrs. Rarrow, Hill, Kynaston, and Craig ‘ in recent 
years. 

One of the remarkable advances in Scottish geology during the period under 
review is the solution of the order of succession and tectonic relations of the 
Silurian rocks of the south of Scotland by Professor Lapworth. The history of 
research relating to that tableland, and of all his contributions to the problems 

’ Summary of Progress for 18fl9, p. flfl. 

- Qiuirt journ, Geol. Soc., vol. xlviii. p, 104. 

® Annual Jleport of the Geological Surrey for 181)6, p. 40; see also ‘ 'J'he Silurian 
Rocks of Scotland,’ Geological Surrey Memoir^ 1891), p. 607. 

* Annual Report of the Geological Survey iox 1897, p. 87 ; for 1898, pp. 25-28 ; see 
also paper on ‘ Kentallenite and its Relations to other Igneous Rocks in Argyllshire,’ 
Quart. Journ. Gcol. Soc.,, vol. Ivi. p. 631. 
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connected with it, has been given in detail in the recent volume of the Geological 
Survey on that formation. At present it will be sufficient to refer to his three 
classic papers, which, in my opinion, record one of the great achievements in 
British geology. The first, on ‘ The Mofiat Series,’ ^ demonstrated, by means of 
the vertical distribution of the graptolites, the order of succession in those fine 
deposits (black shales and mudstones), which were laid down near the verge of 
sedimentation, and are now exposed in anticlinal folds in the central belt. The 
second, on ‘The Girvan Succession,’" showed how certain graptolite zones of the 
Moffat shales are interleaved, in the Girvan region, with conglomerates, grits, 
sandstones, tiagstoiies, mudstones, shales, and limestones, charged with all the 
varied forms of life found in shallow seas or near shore. In the third, on ‘ The 
Ballantrae Hocks of the South of Scotland and their Ifiace in the Upland 
Sequence,’^ he indicat tnl tlie distribution and variation of the Mofiat tcrrane 
(Upper Llandeilo to Upper Llandovery) and of the Gala terrane (Tarannon), 
which form the greater part of the uplands. lie further pointed out how the 
rocks and the fossils vary across the uplands according to the conditk)ns of 
deposition. Finally he proved that the complicated tectonics of the Silurian 
tableland, its endless overlblds, its endoclinal and exuclinal structures, can be 
unravelled by means of the graptolite zones. These researches disposed of the 
order of succession based on Barrande’s doctrine of Colonies, and established the 
zonal value of graptolites as an index of 'traMgrajihic.il horiztms. So comph'te 
was the zonal method of mapping adopted by Prolessor i^apworth, and so accurate 
were his generalisations, that lew modifications have been made in his work. 

In the cour.se of the re-examination of the Silurian tableland by the Geological 
Survey some important additions were made to our knowledge of the Silurian 
system as there developed. Underlying all the sediments of the uplands there is 
a series of volcanic and plutonic rocks of Arenig agt‘, the largest development of 
which occurs at Ballantrae in Ayrshire, wliere their igneous character was recog- 
nised by Professor Boniiey. But they appear in the cores of numerous anticlines 
over an area of about 1,500 square mile.s, forming one of the most extensive 
volcanic areas of Palmozoic age in the British Isle.'-'. These volcanic rocks are 
overlain by a band of clierts and mudstones, succeeded by black .shales yielding 
Glenkiln graptolites of Upper Llandeilo age. The cherts, which are abundantly 
charged with Hadiolaria, implying oceanic conditions of deposition, are about 
70 feet tliick, and hav(‘ been traced o\er an area of about 2,000 square miles. 
The deposition of the Iltidiolarian ooze must have occupied a long lapse of time. 
Indeed the cherts and mudstones repre.seiit the strata which, in otlier regions, form 
the Upper Arenig and Lower Llandeilo divisions of the Silurian system. They 
furnish interesting evidence' of the oceanic conditions which here prevailed in 
early Silurian time, and fiiriu a natural .seciuel to Professor l^apworths researches 
bearing on the graptolitic deposits of the U]>per Idandeilo period, which must have 
been laid down on the sea-lioor near the limit of the land-derived sediment. 

Of special intere.st is the new fish fauna found by the Geological Survey in the 
Ludlow and Downtoniau rocks between Lesmahagow and Muirkirk, which the 
researches of Dr. Traquair have sliown to be of gT(‘at biological and paleonto- 
logical value.^ Tliis di.scovery has enabled him to give a new classification of the 
Ostvacodermi y to enlarge the order of the lleterostraci, which now includes four 
families, instead of the IHerampidcr alone, lie has further shown that the 
Coelolepidai^eYe not Oestraciont sliarks to which the spines belonged, but 

Heterostraciy though probably of Elasmobranch origin, judging from the shagreen- 
like scales. The CwIolepid<e are common fishes in the Ludlow and Downtonian 
rocks of Lanarkshire. The genus, 'Thelodusy first described by Agassiz from 
detached scales in the Ludlow bone-bed, and 8ub8e(jiiently figured and described 
by Pander and Rohoii from scales in tlie I'pper Silurian rocks of Oesel, is here 
represented for the first time by nearly complete forms. But it is remarkable that 
no Onchus spines, nor any PteraspidcOy nor Cephalaspidfe have been found in the 

‘ Quart.. Jvurn. Geol. Soe., vol. xxxiv. p. 210, ^ Ibid.., vol. xxxviii. p. 537. 

* GcoU Mag.y Dec. 3, vol. vi. p. 20. * Trans. B4}y. Soc. Edia.y vol. xxxix. p. 827. 
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Lanarkshire strata, the nearest related genus to Cephalaspu being Ateleaspis^ 
which, however, represents a distinct family. 

The group of sandstones, conglomerates, shales, and mudstones that form the 
passage-beds between the Ijudlow rocks and the Lower Old Red Sandstone in 
Lanarkshi»re are now regarded as the equivalents of the Downtonian strata in 
Shropshire, and are linked with the Silurian system. The mudstones of this 
group, containing the new fish fauna, likewise yield ostracods, phyllocarid crus- 
taceans, and eurypterids— forms which connect these beds with the underlying 
Ludlow rocks. The band of greywacke-coiiglomerate, that extends from the 
Pentland Hills into Ayrshire, composed largely of pebbles derived from the 
Silurian tableland, is now taken as the base line of the Lower Old Red Sandstone 
on the south side of the great midland valley of Scotland. 

The period under review has been marked by important additions to our know- 
ledge of the Old Red Sandstone formation. In 1878 appeared a valuable mono- 
graph by Sir Archibald Geikie on ‘ The Old Red Sandstone of Western I’lurope,' ' 
by far the most important treatise on this subject since the publication of Iliigh 
Miller’s classic work published in 1841. Foliowintr up tlie view maintained by 
Fleming, Godwin-Austen, and Ramsay, that the deposits of this formation were 
laid down in lakes or inland seas, he detined the geogi’apliical areas of the various 
basins in the British area, giving to each a local name. lie gave an outline of the 
development of the rocks north of the Grampians, in (Caithness, Orknev, and 
Shetland. He advanced an ingenious arg\iment in favour of correlating the 
Caithness flagstone series (middle division, Murchison) with the Lower Old Ifed 
Sandstone south of the Grampians, lie contended that ^ the admitted pahvonto- 
logical distinctions between the two areas are probably not greater than the 
striking lithological differences })otween the strata would account for, or than the 
contrast between the ichthyic faunas of adjacent but disconnected water basins at 
the present time.’ Sir A. Geikie further gave a table showing the vertical rangt*. 
of the known fossils pf the Caithness series from data partly supplied bv the late 
Mr. C. Peach. 

During the last quarter of a century Dr. Traquair has made a special study of 
the ichthyology of the Old Red Sandstone and Carboniferous strata of Scotland, 
which has enabled him to throw much light on the distribution of fossil Ashes in 
these rocks and on their value for the purpose of correlation. His researches 
show that the fish fauna of the formation south of the Grampians resembles that 
of the Lower Old Red Sandstone of the West of England and adjoining part of 
Wales in the abundance of specimens of Crpha/a^pis^ tlie common species in 
Forfarshire (C. Lyolli^ Ag.) being also indistinguishable from that in tlu' Hereford- 
shire beds. Pteraspis occurs in both regions, though of different species. Of 
Acanthodians Parexus recurmis^ Ag., occurs in both, together with Clhnatiiis 
(C\ ornatusj Ag.). The abundance of Cep/ialaspis (C. Camphelltovenm^ Whit., 
C. Jexif Traq.) and of Climatius spines is characteristic of th (3 Lower Devonian 
rocks of Canada. 

The Old Red Sandstone of Lome has recently yielded organic remains, akin to 
those found in Forfarshire, south of the Grampians, viz., Cephalaspis LoniemiA 
(Traq.), two species of myriapods {Campecarif^ Forfarensis and a species of 
Archideamu^?' 

In the deposits of Lake Orcadie, north of the Grampians, quite a different fish 
fauna from that of Forfarshire appears. Dr. Traquair lias noted that there are no 
species common to the two areas, and only two genera, viz., Mesacanthm and 
Uephalcispis, The latter genus is, however, represented in Caithness only by a 
single specimen of a species (C. magnijicn^ Traq.) different from any found else- 
where, It might here be observed that Cephalaqm is represented also in the 
Upper Devonian rocks of Canada by a single specimen of a peculiar species 
(C. laticepSy Traq.), and hence Dr. Traquair has vshown that, though CephalmpisiB 
most abundant in the Lower Devonian, it extends also into the upper division of 

* Pram. Moy. Soc.j Edin.^ vol. xxviii. p. 346. 

* Summary of Progres$^\ Geological Survey^ 1897, p. 83, 
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that fiystem. It further appears that Osteolepidat (Osteolepia^ DiploptentB)^ 
RhizodUmtido! {THatichopterm, Gifroptijchius), TLnoptfivhiidfi* (Olytolepia), 
Asterolepidre (PtertMhya^ Microltrachiua)^ Ctfinodontidoi (JJipterm) are abundant 
in the Orcadian fauna, none of which has occurred in the Lower Old lied Sand- 
stone of Forfarshire, the West of England, or in the Lower Devonian rocks of 
Canada. Dr. Traquair recognised, however, the identity of the fishes from the 
well-known fish band in the laosin of the Moray Firth with those brought from the 
wes^art of Orkney, though these forma did not quite agree with the fossils from 
the Ijiurso district. lie subsequently found that the fish fauna from the Orcadian 
beds in the Moray Firth basin is represented in Caithness by that of Aclianarras ; 
and, further, that two other faunas occur in the Caithness area — that of Thurso 
and that of John o’ Groats as given below : — 

r yV.'j* ' ru < ttln * ttf. Egert. 

* \ Mh‘r.!ir- •'I 'l . i-C, I'niq. 

I Coccoateus minor y H. Miller. 

, ! Thn rains pholidotU8y*^i2n\, 

I Oatrolepia microlcpidotusy Fander. 
f Ptrrieh1hij8y species. 

. ("hri rohph TraiUiy Ag. 

L (htrolcjns 7u arrolepidnf nay Ag. 

In appeared an important paper by Dr. Flett on ‘Tlie Old lied Sandstone 
of the Orkneys.’ ’ in which he d(‘scribed the r«‘sultR of his detailed examination of 
the islands. II(» proved Ihe exi^lence there of three fish faunas, and their 
correspondence with tho^e identitied in (’aithnesS by Dr. Traquair. From the 
evidtmee in th(‘ fudd he adopted tin* following order oi‘ succession and correlation 
of the strata: 

il. Eday Sandstones and John o’ Groats beds. 

U. Ilousay and Thurso beds. 

1 . Stroomess, Achaiianvis, and ( 'romarty bods. 

A further important result of Dr. Flett s researches in the f)ld Ded Sandstone 
of these northern isles was communicated to the Iloyal Society of r.iliubiirirh this 
year. He has found in tin* Shetland Ix'ds, which had pn*viou.dy yielded no fossils 
save plants, fragments, identified by Dr. Traquair as Ilohnnnay a fish new to 
Dritain, but occumng in the Chemung group of North America, the subdivision 
of the Upper Devonian that immediately underlies the Catskill red sandstones, 
witli remains of Jlolnpfychiua. Dr. Traquair has also recognised in Dr. Flett’s 
collection fragments oi' Aaierohpisy a genus characteristic of the Upper Old lied 
SandMtone, and which, as proved by Dr. Flett, occurs in the ‘ Thurso b«‘ds ’ of the 
Orkneys. The interest attaching to this di.‘-covory is very great, for Dr. Flett 
contends that it indicates a fourth life-zone in the Orcadian .series, and. further, 
that it tends to span the break between the Orcadian division and Upper Old Red 
Sandstom*. 

In the Upper Old Hod Sandstone on the south side of the ^foray Firth, Dr. 
Tramiair recognised two life-zones, and .subsequently, with the assistance of 
Mr. Taylor, Lhanbrydo, a third ; in the following order. The lowest is that of the 
Nairn sandstones with Astorolepia ma,vima (Ag.) ; the second, that of Alves and 
Scaat Craig with Bofhriolepia major (Ag.), Pm^nmoairm Tat/hri (Traq.) ; and the 
highest that of Hosebrae, the fauna of which, according to Dr. Traquair, has a 
striking resemblance to tlie n.ssemblnge in the Dura Den Sandstones in Fife. 

Defore 187(3 all the Carboniferous areas in the great midland valley of Scotland 
had been mapped by the Geological Survey. The extent and structural relations 
of the various coal-fields were determined accoiding to the information then 
available, and shown in tlu' publish^ maps. But the rapid development of certain 
fields in the east of Scotland necessitated a revision of them which has lately been 
done. The Fife coal-field has been re-examined by Sir A. Geikie, Mr. Peach, and 

* Trans. Roy, Soe. EdUu, vol. xxxiz. p. 383. 
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Mr. Wilson, and the oil-shale fields in the Lothians have been mapped by 
Mr. Cadell. An important memoir by Sir A. Geikie on ‘ The Geology of Central 
and Western Fife and Kinross ’ has just been issued by the Geological Survey, in 
which the structure of these coal-fields is described. Mr. Cadell lately gave an 
account of th-'‘ 2 'roloi?>?al structure of the oil-shale fields in his presidential address 
to the Edinburgh Geological Society. 

Within the period under review detailed researches of great importance on the 
fossil flora of British Carboniferous rocks have been carried out by Mr. Kidston, 
to which reference ought to be made. The results are of the highest value for 
correlating the strata in diflerent areas. ‘ By means of the plants he arranges the 
Carboniferous rocks of Scotland in two great divisions : a lower, comprising the 
Calciferous Sandstone and Carboniferous Limestone series ; and an upper, including 
the Millstone Grit and the Coal-measures, there being a marked palaeontological 
break at the base of the Millstone Grit. He shows that the upper and lower 
divisions of the system, not only in Scotland but in Britain, are characterised by a 
different series of plants, not one species passing from the lower division — save in 
the case of Stis/ maria— into the upper. From his researches it appears that, among 
ferns, Neuropteris is all but unknown in the lower division, whereas in the upper 
it is very abundant. The Sphenopterids are proportionately common in both 
divisions; but those of the lower are usually characteriseil by' cuneate segments, 
while those of the upper have generally rounded pinnules. AleiKopUris^ so 
common throughout the whole of the upper series, is entirely absent from the 
lower. The genus Calamites^ which is extremely plentiful in the upper, is almost 
entirely absent from the lower division, where its place is taken by Asterocalamites, 
The CordaitecB are also rare below the Millstone Grit, though very plentiful above 
that horizon. Sigillaria^ so rare in the Lower Carboniferous rocks, is extremely 
abundant in the upper division, and particularly in the middle Coal-measures. In 
short, Mr. Kidston concludes that the floras of the two main divisions of the 
Carboniferous system, though belonging to the same types, are absolutely distinct 
in species, and in the relative importance of the genera. 

By means of the fossil plants Mr. Kidston correlates the (Joal- measures of 
Scotland underlying the red sandstones with the lower division of the Coal- 
measures of England, and the overlying red sandstones of Fife with the middle 
division of the English Coal-measures. 

It is remarkable that the evidence supplied by the fossil fishes has led 
Br. Traquair independently to a similar conclusion. He holds that fossil ichthyo- 
logy proves the existence of only two great life- zones in the Carboniferous rocks 
of Central Scotland — an upper and a lower — the boundary line between the two 
being drawn at the base of the Millstone Grit. The Scottish Carboniferous rocks, 
being mostly estuarine, give an opportunity of comparing the estuarine fishes of 
both divisions. lie finds the Coal-measure fishes of Scotland to be the same as 
those in the English Coal-measures, while those occurring below the Millstone 
Grit in Scotland are mostly diflerent in species, and often, too, in genera, from the 
forms above that horizon. 

Of special interest as bearing on the former extension of this system in Scot- 
land is the discovery made by Professor Judd ‘S in 1877 of a patch of Carboniferous 
sandstones and shales, with well-preserved plant remains in Morven. Another 
small outlier of this formation has recently been found in the Pass of Brander by 
the Geological Survey.^ 

The reptiles from the Elgin sandstones, recently described by Mr. E. T. Newton,^ 
add fresh interest to the study of these rocks. The structural relations of these 
sandstones have been fully treated by Professor J udd in his great paper on the 
Secondary Rocks on the east of Scotland,'* and again in his presidential address 

» ‘ On the Various Divisions of British Carboniferous Rocks as determined by their 
Fossil Flora,’ Proc. Roy. Phys. Soc. Edin., vol. xii. p. 183 (1893). 

- QvAxrt. Journ. Oeol. Soc., vol. xxxiv, p. 685. 

* Summary of Progrefs^ Geological Survey ^ 1898, p. 129. 

^ Phil, Trans., vol. clxxxiv. p. 431 (1893) ; tbid.^ vol. clxxxv. p. 573 (1894). 

* Quart. Journ. Geol. Soc., vol. xxix. p. 98. 
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to this Section at Aberdeen,' who confirmed Huxley well-known correlation of 
these beds with the Trias. The Dicynodonfc skull, identified by Professor Judd 
and Dr. Traquair at the Aberdeen meeting of the British Association in 1885, and 
other remains found in the reptilian sandstones in Cutties Hillock Quarry, where 
they rest on Upper Old Bed Sandstone with Holoptychius^ have been described by 
Mr. Newton. He confirmed their affinity with Dicynodonts, though they were 
referred to the genera Gordonia and Geikia. But the most remarkable specimen 
was the skull named by Mr. Newton Elyinia mirabilis. This extraordinary 
creature, with a pair of horns projecting like those of a short-horned ox, and with 
smaller spines and bosses, rumbf^ririr Uiirty-nine, is related to the great Pamo- 
taurus from the Karoo bed- S ^ .• h Africa. Two other reptiles are described by 
Mr. Newton from this quarry, namely, a small crocodile-like animal, Erpetomchm 
Grayiti — apparently nearly allied to Stagonolepis — and Ornithosuchus Wood- 
wardif which is probably a small Dinosaiirian. 

Mr. Newton has raised an interesting point in connection with bis researches. 
He calls attention to the fact that the reptilian remains from the Cutties Hillock 
Quarry differ from those found at other localities in the Elgin district. For 
example, the Lossiemouth sandstones have yielded Stagonolepisy Hypevodapedon^ 
and Tderpeton ; and the Cutties Hillock sandstones, the Dicynodonts {Gordonia 
and Geikia)^ the horned reptile {Elyinia)^ the small crocodile-like Erpetosuchtis^ 
and the little Dinosauriua Ornithosuchij. Does this distribution indicate 
diflerent stratigraphical horizons? is virtually the point raised by Mr. Newton. 
In connection with this inquiry he cites the evidence obtained in other 
countries. Thus, in the Gondwana beds of India, the series of reptiles similar to 
those of Elgin occur at different localities and on diflerent stratigraphical 
horizons; Dicynodoiits and Labyrmthodonts being found in the lower Panchet 
rocks, while llyperod^tpedon and Parasuchm (allied to Stayonolepis) are met with 
in the higher Kota-Maleri beds. Again in the Karoo beds of South Africa the 
Dicynodonts and the great Pareiasannts — the latter being the nearest known ally 
of the homed reptile {Elginia mirahilis) from Cutties Hillock, Elgin — occur low 
down in that formation. Further light is thrown on the question by the interest- 
ing discoveries of Amalitzky in Northern Russia, where a number of reptilian 
remains have been found clov^ely allied to Pareiasaiirus^ Elginia^ and Dicynodon^ in 
beds, which are referred to the Permian formation and accompanied by plants and 
mollusca which seemingly confirm this reference.- 

In view of these foreign discoveries Mr. Newton concludes that the Elgin 
sandstones may probably represent more than one reptilian horizon, and that we 
are confronted with the possibility of their being of Permian age. 

The difficulty of drawing a boundary line between the Trias and the Upper 
Old Red Sandstone of Elgin, which impressed the mind of the late Dr. Gordon, has 
had to be faced elsewhere in Scotland. In Arran, my colleague Mr. Gunn hat 
shown that the Trias there rests on the Upper Old Red Sandstone, both forma- 
tions having a similar inclination. Even he, with his ripe experience, has had 
great difficulty in drawing a boundary between them on the west side of the 
island ; but when the base line of the I’rias is traced eastwards to Brodick it passes 
transgressively on to Carboniferous rocks. 

Oi special importance is the recent discovery in Arran of the fossils of the 
Avicnla contorta zox\ei'^ hy Mr. Macconocbie, of the Geological Surrey, to whose 
skill as a fossil collector Scottish geology ow'es much. With these, occur 
Lower Liassic fossils, in sediments which are not now found in place in the island. 
These fossiliferous patches are associated with fragmental volcanic materials 
filling a great vent, the age of which will be referred to presently. This dis- 
covery has fixed the Triassic age of the red sandstones and marls in the south of 
Arran. The detailed mapping of the island by Mr. Gunn has demonstrated that 

* Ilep. Brit. Asboo. for 1886, p. 994. 

* y. Amalitzky, Sur les fouilles de 1899 de ddhris de verUbrcB dan$ les (Up6tt 
Permiens de la Ritaie du nord. Varsovie, 1900. 

* Summary of ProgreBt, Geological Survey, 1899, p. 133. 
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the Triassic sandstones rest partly on the Old Bed Sandstone) partly on the Car* 
boniferous Limestone Series and partly on the Coal-measures. 

In 1878 appeared the third of Professor Judd’s great papers on the Secondary 
Pocks of Scotland, wherein he unravelled the history of these strata as developed 
in the east of Scotland and in the West Highlands. His admirable researches, in 
continuation of the work done by Bryce, Tate, and others embraced the identifica- 
tion of the life-zones, their correlation with those of other regions, the history of 
the physical conditions which prevailed in Scotland during Mesozoic time, and the 
working out of the structural relations of the strata.^ He showed that their 
preservation on the east of Scotland was due to the existence of great faults, and 
tliose in the West Highlands to the copious outpouring of the Tertiary lavas. He 
w as the first to detect the occurrence of Cretaceous rocks in the West Highlands 
and to show the marked unconform ability which separates them from the Jurassic 
strata. His main life-zones and his main conclusions regarding the Secondary 
Pocks of Scotland have so far been confirmed by the detailed mapping of the 
Geological Survey. An interesting addition to our knowledge of these rocks was 
made by my colleague, Mr. Woodward, in the course of his field work, who found 
the oolitic iron ore in the Middle Lias of Paasay, the position of which corresponds 
approximately with that of the Cleveland ironstone.^ 

The extensive plateau of Tertiary volcanic rocks in the Inner Hebrides has been 
a favourite field of research ever since the time of Macculloch, the great pioneer 
in West Highland geology. During the period under review much work has been 
done in that domain. According to Professor Judd, that region contains the 
relics of five great extinct volcanoes and several minor cones, indicating three 
periods of igneous activity. The first was characterised by the discharge of acid 
lavas and ashes, the molten material consolidating down below as granite ; the 
second by the outburst of basic lavas, now forming the basaltic plateau, connected 
with deep-seated masses that appear now as gabbro and dolerite ; the tliird by the 
appearance of sporadic cones, from which issued minor streams of lava.' 

In 1888 Sir A. Geikie communicated his elaborate monograph on the history 
of Tertiary volcanic action in Britain to the Poyal Society of IMinbiiivb.* whicli 
has been incorporated, with fuller details, in his recent Avork on ‘ The Ancient 
Volcanoes of Great Britain.’ Ilia main conclusions may thus be bnetly stated : 
1. The great basaltic plateaux did not emanate from central volcanoes, but are 
probably due to fissure eruptions ; 2, the basaltic lavas were subsequently 
pierced by laccolitic masses of gabbro, which produced a certain amount of contact 
alteration on the previously erupted lavas ; 3, the protrusion of masses of graiio- 
phyre and other acid materials by means of which the ))a8ic rocks were disrupted. 

During the last six years Mr. Ilarker has been engaged in mapping the central 
part of the isle of Skye, and in the petrographical study of the rocks, the results 
of Avhich have been summarised in the annual reports of the Geological Survey. As 
regards the basaltic lavas, he finds that while they have been of vast extent the 
individual flows have been of feeble volume, and show no evident relation to 
definite centres of eruption. There were two local episodes, however, which took 
the form of central eruptions ; one represented by a number of explosive outbursts 
at certain points ; the other, in the basalt succession, gave rise to rhyolitic rocks. 

Mr. Harker further finds that the succeeding plutonic phase of activity, confined 
in Skye to what is now the central mountain tract, is represented by three groups 
of plutonic intrusions, in the following order : peridotites, gabbros, and granites. 
The metamorphism set up in the basaltic lavas near the large plutonic masses pre- 
sents points of interest, especially the widespread formation of new lime-soda- 
felspars from the zeolites in the lavas. 

After the intrusion of the granite of the Red Hills, Mr. Harker finds that 
igneous activity took the form of intrusions of smaller volume, hut in some casee 

‘ Quart. Jour?!. Gcol. Soc., vol. xxix. p. 97, vol. xxxiv, p. 660. 

2 Oeal. Mag., Dec. 3, vol. x. p. 49.3 (1893). 

* Quart. Journ. Gcol. Soc., vol. xxx. p. 220. 

* Trans. Uoy. Soc. Edin., vol. xxxv., part 2, p. 23. 
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of wide distribution. The great group of dolerite sills belongs to this period. An 
enormous number of acid and basic dykes followed, of several distinct epochs. A 
set of minor basic intrusions of quite late date is found in the gabbro district of the 
Cuillins, the most interesting of which takes the form of sheets of dolerite, parallel 
at any given locality, but always dipping towards the centre of the gabbro area. 
Mr. Ilarker considers that this remarkable system of injections presents a new 
problem in the mechanics of igneous intrusion. The latest phase of vulcanicity in 
the Ouillin district is a radial group of peridotite dykes. As regards the local 
group of rock in Central Skye Mr. Harker tinds that the order of increasing 
acidity which ruled in the plutonic phase was reversed for the minor intrusions 
which followed. 

In connection with the great development of volcanic activity in the AVest of 
Scotland in Tertiary time reference must be made to the remarkable volcanic vent 
in Arran the recognition of which is due to the suggestion of my friend 
Mr. Peach. This volcanic centre covers an area of about eight square miles, and 
lies to the south of the granite area of the island.^ The vent is now filled with 
volcanic agglomerate and large masses of sedimentary material, some of w^hich 
have yielded the Rhaetic and Lower Lias fossils already referred to, the whole 
being pierced by acid and basic igneous rocks. One of the interesting features 
connected with it is the occurrence of fragments of limestone with the agglomerate, 
which has yielded fossils of the age of the chalk, thus proving that the vent is 
post-Cretaceous. There is thus strong evidence for referring the granite mass in 
the north of the island snd most of the intrusive, acid, and basic igneous rocks to 
the Tertiary jmriod. It furnishes remarkable proof of the suggestion of the 
Tertiary age of the Arrau granite made by Sir A. Geikie in lS73.'^ The story 
unfolded by this discovery is like a geological romance. The former extension of 
Kinetic and Lower Lias strata and of the chalk in the basin of the Clyde, and the 
evidence of extensive denudation lu the south of Scotland, appeal vividly to the 
imagination. 

This outline of the researches in the solid geology of Scotland would be 
incomplete without reference to the publication of Sir A. Geikie s great work on 
'The Ancient Volcanoes of Great Britain ’ (1897), in which the history is given of 
volcanic action in Scotland from tlie earliest geological periods down to Tertiary 
time. To investigators it has proved invaluable for reference. Xor can I omit to 
mention the new edition of his volume on ' The Scenery of Scotland,’ wherein he 
depicts the evolution of the topography of the country with increasing force and 
fascination. In this domain it may be said of the author, ' Nihil tetigit, quod non 
oniavit.’ 

From the brief and imperfect sketch which I have tried to give of recent 
advances in the solid geology of Scotland it will be admitted that restless activity 
and progress have been characteristic of the last mmrter of a century. But we 
may expect that the conclusions accepted now will be rigorously tested bv our 
successors, probably in the light of new discoveries and with more perfect methods 
of research. It is well that it should be so, for thereby our branch of science 
advances. Meanwhile, as we look back on the phalaux of geologists that Scotland 
has produced — to Hutton and Hall, jMurchison and Lyell, Hugh Miller and Fleming, 
Nicol and Kamsay — and reflect on the services which they rendered to geology, we 
may hope that this record of progress may prove a fitting sequel to the labours of 
these illustrious men. 

The following Papers and Report were read : — 

1. Recent Discoveries in Arran Geology, 

By William Gunn, of H,M, Geological Survey of Scotland, 

In the last ten years very important additions have been made to our know- 
ledge of the geology of Arran both in the aqueous and in tlie igneous rocks of the 
island. 

‘ Quart. Jflurn. (teal. Soc., vol, Ivii. p. 226 (1901). 

’ Trans, Geol. Soc. Kdin.^ vol. ii. p. 305. 
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Among the older rocks a series of dark schists and cherts has been discovered 
in North Glen Sannox. They are probably of Arenig age, though no organic 
remains have been found in them, are closely related to the rocks of Ballantrae in 
Ayrshire, and similar beds occur in various places along the Highland border 
where they have been described by Messrs. Barrow and Clough. In the isle of 
Arran these rocks are intimately connected with the Highland schists. 

The Old Red Sandstone of Arran has been found to comprise two subdivisions, 
and in North Glen Sannox the upper division is unconformable on the lower. 
This formation is not confined to the ground north of the String road as generally 
supposed, but extends in places three miles to the south of that road, being well 
developed in the Clachan Glen, where it is much metamorphosed by intrusive 
igneous rocks. No fossils have been found in the Old Red Sandstone of Arran 
except PsUophyton princeps, specimens of which have been obtained from the 
lower division in Glen Shurig. 

The Carboniferous formation, fine sections of -which occur on the shore at 
Corrie and at Laggan, is now known to occupy but a small portion of the area of 
the island. Near Brodick Castle and in Glen Shurig its width of outcrop is not 
much more than 200 yards, and it does not reach the western shore, being over- 
lapped in the interior by unconformable beds of New Red Sandstone. Beds 
probably of Coal Measure age with characteristic Upper Carboniferous fossils have 
been recognised at Sliddery W'ater Head, Corrie, The Cock, and in various other 
places, but these have no great thickness and contain no seams of coal. They 
represent apparently the basement beds of the Coal Measures. 

The stratified rocks of the southern part of the island, consisting of red sand- 
stones, conglomerates, and marls, have been proved to repose unconformably on the 
Carboniferous formation and in places they contain derived pebbles with Carboni- 
ferous fossils. All the evidence points to their being of Triassic age, and they may 
easily be divided into two series, the lower of which probably represents the Bunter 
sandstone, and the upper the Kcuper marls. These Triassic rocks occupy the 
whole of the coast from Corrie southwards, around the south end of the island, and 
the west coast up to Machrie Bay, where they appear to lie conformably on the 
Old Red Sandstone. They also form a small area in the north-eastern part of the 
island near The Cock. 

That still more recent formations once existed in the island, whence they have 
been removed by denudation, is proved by the presence of fragment's of Rheetic, 
Liassic, and Cretaceous rocks in a large volcanic vent wliich is probably of 
Tertiary age. These fragments occur on the western side of the island in the 
district of Shisken, on the slopes of Ard Bheinn, and they have yielded a con- 
siderable number of characteristic fossils which have been examined and deter- 
mined by Mr. E. T. Newton. 

Some of the most important of the discoveries are those connected with the 
old volcanic rocks of the island, 

A series of interhedded lavas and tuffsis found in North Glen Sannox associated 
with the schists and cherts previously mentioned. Like them they are probably 
of Arenig age and closely related to similar rocks at Ballantrae in Ayrshire. 

Two distinct volcsnic platforms have been found in the Old Red Sandstone 
of the island. One set of basic lavas is intercalated in the lower division on the 
west side of the island, and another occurs in the upper division of North Glen 
Sannox. 

In addition to the volcanic series previously known in the Lower Carboniferous 
rocks two others have been discovered in the upper part of the formation. 

That the island was the seat of volcanic activity in times still more recent is 
proved by the recognition of a large volcanic vent in the Shiskin district, which 
must be of post-Cretaceous age, as shown by some of the fragments it includes. 

From these facts we conclude that the island has been the scene of volcanic 
action at no less than seven different periods. 

Much has also been learned with regard to the distribution and age of the 
various intrusive igneous rocks. Two masses of a somewhat intermediate 
character found in Glen Rosie and in Glen Sannox are probably of Old Red Sand* 
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stone age, but nearly the whole of the varied igneous rocks of the island must 
now be assigned to the Tertiary period, not excepting the well-known granite mass 
of the northern part of the island. The finer granite which occupies the interior 
of the nucleus has a tortuous boundary. It is clearly intrusive in the coarse 
granite which surrounds it, but both belong practically to the same period, as they 
have one and the same system of jointing. 

The ring of granite, granophyre, and quartz diorite which surrounds tlie large 
volcanic vent was previously little known, and the other numerous and varied 
intrusive masses, both acid and basic, which occur in the idand were but poorly 
represented on existing maps. 


2. On Variation in the Strata in the Eaitern Highlands. 

By George Barrow, ILM. Geological Sitrvey. 

[Communicated by permission of the Director of the Geological Survey.] 

In mapping the group of rocks associated with the well-known (Juartzite and 
Limestone in the Eastern Highlands, it has been found that tluu’e is an bicessant 
variation in the lithological characters of the group, wliich is sometimes abrupt. 
Detailed examination lias shown that tliroughout tliat belt the same type of 
section or 8UCC(‘Ssion reappears aft{*r pas.ving a number of variations. 

The phenomena are supposed by the author to be due to the strata having 
been deposited by numerous brandies of a large river flowing through a ddta. 
Each branch, by a natural process of fanning, d<‘posits sand near its mouth, and 
finer mud further seawards. AVIiere the fans of sand are far apart, tlie fim* mud 
deposited between them will assume a fairly constant composition, becaiist; all 
the streams tap a common source of material before the river divides into branches 
in the delta. 

The recurrence of one particular type of section, which is easily recognised in 
the field, may be explained by the supposition that the materials of which the 
strata are composed were laid down as mud or otlier fine sediment, which may 
be readily detected by means of the special minerals present, when the rocks are 
metamorphosed. The abruptness of the changes s(*en in the sections may be due 
to the intense folding of the Highland rocks: for materials originally some little 
distance apart are brought into close proximity, and the transition which once 
existed is cut out at the surface by the folding. 


3. On the Crystalline Schists of the Southern Highlands. Their Physical 

Structure and its Probable Manner of Dei'elofnnetit. By Peter 
Macnair. 

The area under notice is defined as that lying immediately to the north-west 
of the great boundary fault which crosses iScotland from the Eirth of Clyde to 
Stonehaven. An account is then given of the various opinions that have been 
held concerning the structure of this region since the time of Macculloch up to 
the present day. The author then proceeds to show that the schist zones traverse 
this region in roughly parallel bands, and described a series of sections at right 
angles to the strike of the principal foliation of the area. The following is a 
summary of his conclusions regarding the stratigraphy, physical structure, and the 
manner of its development in this part of the Scottish Ilighlands : — 

1. The sedimentary schists of the Highlands proceeding from the margin 
inwards may be divided into the following zones: — Lower Argillaceous zone, 
Lower Arenaceous zone, Jioch Tay Jiimestone zone, Carnetiferous Schist zone, 
Upper Argillaceous zone, Upper Arennceou.s zone. Associated with these are 
senists of Igneous origin. It is probable that these zones are capable of still 
further subdivision, but this is not attempted yet. 

2, From an examination of the relationships of those dilVerent zones, the order 
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as given above appears to be an ascending one, proceeding from the margin 
inwards, the well-marked zone known as the Loch Tay Limestone forming a sort 
of datum line, from which one can recognise the positions of the lower and upper 
schists. 

3. It is supposed that the movements which plicated the rocks of the Highlands 
were directed from the centre outwards, or from the N.W. towards the S.E. This 
is shown by the fact that where the bedding can be traced the overfolding is 
generally towards the S.E. Also the foliation, where it has been folded, faces in 
the same direction. 

4. In the eastern part of tlie region we suppose that the bedding has been 
folded into a series of isoclines facing the south-east, and that a foliation has been 
developed roughly parallel to the axes of the folds in the bedding, thus making 
the foliation appear to be roughly coincident with the original planes of stratifica- 
tion. At Comrie, in Perthshire, the axes of the isoclines in the bedding are nearly 
vertical, but with a slight hade towards the N.W. The axes of the isoclines get 
gradually lower and lower as we proceed towards Loch Tay. In the same way 
the foliation planes are nearly vertical along the frontier, but get flatter and flatter 
as we proceed northwards. 

5. In tracing these rocks towards the south-west an increasing crumpling and 
folding of the foliation planes, accompanied by more intense metamorphism, is seen 
to take place ; this is made evident in approaching the shores of Loch Katrine and 
Loch Lomond, but it seems to have reached its maximum in Cowal. 

6. In Cowal, along the Firth of Clyde, the position of the foliation planes has 
been reversed, now dipping towards the south-east. Between the Firth of Clyde 
and Loch Fyne the foliation planes have been much crumpled, and still later 
divisional planes have been developed in them, this being a region of the most 
intense metamorphism. 


4. The Granite of Tulloch Burn, Ayrshire. 

Professor Jawes Geikie, F.E.S., and Jonyi S. Flett, A/.yt., D.Sc, 

The granite of Tulloch Burn, Ayrshire, is a small mass occupying an area of 
three or four sc[uare miles on the headwaters of the Irvine and the Avon. Much 
of the outcrop is covered with drift and peat, but good exposures of the granite and 
the contact altered rocks can be obtained in the Tulloch Burn, a tributary of the 
Irvine and on the Avon. The prevalent type is a flesh-coloured biotite-granite, 
which often contains hornblende and sometimes decomposed augite. This passes 
at its margins into rocks of intermediate or basic composition, w'hich include 
various types of diorite, hyperite, and gabbro. The evidence points to the origin 
of these rocks by a process of differentiation, and both in this respect and in the 
rock species which have been developed the resemblance to the granites of the 
Southern Uplands is very close. The material microscopically examined 
includes:— Graphic Granite and Granophyric Granite (in sogrres^ntion veins); 
Biotite Granite, Biotite Hornblende Granite, Biotite Augite (ipainif-; Tonalite 
(intermediate between Hornblende Biotite Granite and Diorite) ; Quartz Horn- 
blende Diorito, Quartz Augite Biotite Diorite, Quartz Ilypersthene Diorite; 
Biotite Augite Diorite, Hornblende Diorite, Ilypersthene Diorite; Hyperite and 
Gabbro. 

This mass is intrusive into the Lower Old Red Sandstone, which at Lanfiue, a 
little west of this, has yielded Cephalaspis Lyelli. The Old Red Sandstone is 
indurated and often hornfelsed to a varying distance from tlie margin. The new 
minerals developed are Augite, Hornblende, Biotite, Magnetite, Tourmaline, 
Spinel, and possibly Sillimanite ; Oalcite, Chlorite, and Epidoto are often present, 
but appear to be secondary after some of those mentioned. 

Many dykes penetrate the sandstones, and most of these are undoubtedly 
r.r : ' - - f the Granite. Thejr are mostly Diorite Porpby rites or Quartz Diorite 
I : : which may contain Biotite, Augite, Hornblende, or Ilypersthene. 

Syenite Porphyries also occur, and occasionally small veins of more acid character, 
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which may bo considered coarse-prrained Granophyres. In addition to these there 
are several dykes of Olivine Dolerite and Andesitic Basalt^ but these are not known 
to be genetically connected with the Granite. 


5. On Crystals dredged from the Clyde near Helensburgh^ with Analyses 
by Dr. W. Pollard. By J. S. Flett, M,A,^ H.Sc. 


6. Hots on a Phosphatic Layer at the Base of the Inferior Oolite in Skye 
By Horace B. Woodward, F.R.S.^ of the Geological Survey, 
[Communioated by permission of the Director of the Geological Survey.] 

At the southern end of the great cliffs of Ben Tianavaig, south of Portree, in 
Skye, the basement beds of the Inferior Oolite, which contain large dogger-like 
masses of calcareous sandstone, rest in a hollow of the Upper Lias Shales, owing 
to local and to a certain extent contemporaneous erosion. Lining this hollow 
there is an irregular and nodular band, two or three inches thick, of dark brown 
oolitic and phosphatic rock ; a fact of interest, as instances of local erosion are often 
attended by the accumulation of phosphatic matter in beds, nodules, and derived 
fossils. 

Mr. George Barrow, who made a rough analysis of the rock, estimated the 
amount of phosphate of lime at about 60 per cent. ; and Mr. Teall, who examined 
a section under the microscope, noted, in addition to the oolite grains, fragments of 
molluscan shells and echinoderms, and foraminifera, in a iinely granular matrix 
formed of calcite. He observed that the central portions of some of the oolite 
grains were formed of a nearly isotropic brown substance in which the typical 
concentric structure of the oolite grains was well preserved. This substance was 
no doubt phosphatic. 


7. Further Note on the WestUton Beds, 

By Horace B. Woodward, F,R,S, 

In a paper read before the British Association in 188:? (printed in full in 
* Geol. Mag,’ for 1882, p. 462) evidence was brought, forward for r- ::nrdinjr the 
Westleton Beds of Westleton as part of the Middle Glacial 'llv.-ii.:. of 
S. V. Wood, jun. Sections examined during the present year at Pakefield, 
Kirkley, and Oulton, near Lowestoft, support the author’s contention. Thus 
beneath the Grand Hotel at Kirkley the cliff’ shows a mass of shingle (identical 
in character with the Westleton Beds) dovetailing into the undisputed Middle 
Glacial sands, which a little further south are overlaid by the Chalky Boulder 
(ffay. Evidence of a like character is to be obtained near Ilalesworth, where 
the shingle-beds seen south-»*ast of the railway station would be grouped un- 
questionably with the Westleton Beds, and also (in the author’s opinion) with 
the shingly beds in the Middle Glacial sands east of Oulton station and at 
Kirkley. 

Attention is drawn to sections where a newer gravel is so welded on to the 
Middle Glacial gravel as to appear in places quite conformable. Similar pheno- 
mena observed at the junction of ( Cetaceous and Eocene clays in Egypt have 
been aptly referred to by Mr. H. J. L. Beadnell as * uncoi\formable pamtge-beds* 


8. Report on the Collection and Preservation of Photographs of Geological 
InteresL — See Reports, p. 339, 
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FRIDAY, SEPTEMBER 13. 

The following Papers were read : — 

1. Time Intervals in the Volcanic History of the Inner Hebrides, 
By Sir Archibald Geikie, D,G,L., F,R,S. 


2. The Sequence of the Tertiary Igneous Eruptions in Skye} 

By Alfred Harker, M.A., F.G.S. 

As regards the sequence of the varied succession of Tertiary igneous eruptions, 
the isle of Skye may probably be taken as a type of the whole British area. 
Igneous activity passed successively through three phases: the volcanic, the 
plutonic, and the phase of 7ninor intmsions. It is important further to recognise 
two parallel series of events, the regional and the local ; the former of ver^ wide 
extension, the latter connected with certain definite foci, one of which was situated 
in Central Skye. The groups of rocks having a regional distribution are all of 
basic composition, but the local groups exhibit much greater diversity. During 
the plutonic phase, when regional activity was in abeyance, the successive groups 
of intrusions at the Skye centre followed an order of increasing acidity (ultrabasic, 
basic, acid) ; but for the local groups of the succeeding phase of minor intrusions 
this order was reversed. 


3. On the Relations of the Old Red Sandstone of North-west Ireland to 
the adjacent Metainorphic Rocks, arid its similarity to the Torridon 
Rocks of Sutherland, By Alex. McHenry and J as. II. Kilroe. 

The Old Bed Sandstone of North*west Ireland has been affected by earth 
stresses in pre-Oarboniferous times, resulting in a system of reverse faults and 
thrust-planes. This system strikes north north-eastward, and if continued, as is 
probable, should be represented in the region of Sutherland and Ross. We sug- 
gest it is found in the great system of thrusts which aftects the structure of the 
North-west Highlands. 

The long-recognised resemblance of the Torridon Bocks in Sutherland to the 
Old Red Sandstone, especially, as we hold, to the Old Red of Donegal, Tyrone, 
and Mayo — both as regards its general lithological characters, contained pebbles 
and relations to the underlying metainorphic rocks, the disposition of the strata, 
their striking horizontality in places, and strung resemblance of physical 
features — is fairly suggestive of the contemporaneity of the two groups, a view 
rendered quite possible by the above-mentioned system of N.N.E. thrust-planes. 

Our post-Old Red thrust-planes are in places lined with broken-up debris, in 
some cases strongly resembling conglomerates of deposition, and giving to the 
older rocks o, pseudo base, apparently derived from the newer rocks, or newer and 
older mingled. This, we suggest, may be the case with the base of the Durness 
series, and the comparatively friable nature of the sandstone and conglomerates 
would admit of easy movement en masse of the lower members of the Durness 
series in overriding the Torridon when once a thrust-plane became initiated. 


4. On the Relation of the Silurian and Ordovician Rocks of North-ivest 
Ireland to the Great Meiamorpliic Series, By Jas. R. Kilroe and 
Alex. McHenry. 

Upper Silurian rocks, as high as Wenlock, have been metamorphosed along 
the Croagh Patrick range, which led to their inclusion in the great metamorphic 

^ Published ip full in the Geological Ma^azino^ November 1901, pp. 506-509, 
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ffroup when the ground was originally mapped. The corresponding rocks of 
Wenlock age on the south margin of the Mayo and Galway Silurian basin, near 
Killar^ Harbour, are not metamorphosed, and rest unconformably upon the meta- 
morphic group. 

This stratigraphical break has for many years been supposed to form an 
insuperable objection to the acceptance of Murchison’s conjecture that the meta- 
morphic rocks of Galway, Mayo, &c., are altered representatives of the Lower 
Silurian or Ordovician rocks. This, however, is not an obstacle, for a break, 
accompanied by overfolding and possibly uietainorphisin of Lower Silurian strata, 
has been proved to have occurred in Llandovery times, which admitted of Wenlock 
or possibly Taraniion beds being unconformable to unmetamorphosed Lower 
Silurian, as well as to the metamorpbic group. All this happened prior to a 
second violent disturbance and overfolding which accompanied the metamorpbism 
of Wenlock strata already mentioned, and which occurred in Ludlow times. 

A comparison of the Lower Silurian 6eri(‘S in the west of Ireland with the 
metamorpnic group of the same region and Donegal shows so strong a resemblance 
between them — as regards the lithological characters of individual members in 
their original form, their order of succession, and certain peculiar coincidences of 
associated sedimentary components, described in detail in the paper — that it 
forms a creditable jiinTrwr facie argument for their correlation. 

One instance may here be mentioned. At Westport and Achill Beg thick 
bands of fine conglomerate, associated witli black slate, occur as an integral part 
of the metamorphic groii^>, while on the south shore of Clew Bay thick bands of 
fine conglomerate — very similar in character to those in Achill Beg — occur in 
association with black slate, which, though sufiiciently crushed to justify their 
inclusion hy the original surveyors in the metamorphic ground, are now known 
to be of Lower Silurian age, identical with rocks of this age in Clare Island. 

The chief objection to ascribing the metamorphic rocks of Mayo and Galway 
to the Lower Silurian age has been the present did’erenct' of condition between 
them and the fos>il-bcariiig Lower Silurians of the adjoining area. This differ- 
ence seems to u.> cxiilicablc by conceiving that the great dislocation which occurred 
in Llandovery times, and occasioned an iineivion of strata by overfolding at 
Salrock between the Killaries, carried uiinietamorpbosed Lower Silurian rocks 
about Leenane against and over rocks of, >ay, the same age, near Leenane, w^hich 
had undergone metaraorphism in connection with granitic lulriisions. These may 
be seen in the vicinity of Kyleinore. Unfortunately the great zone of break is 
now concealed by newer strata, and further is obscured and complicated by post- 
Ludlow faults. 

5. Notes on the Irish Primary Rocks, with their associated Granitic and 
Metamorphic Rocks, By G. H. Kinaiiax, M,R,1.A, 

In this communication tlie writer points out that in previous writings he has 
insisted that in Ireland tliere were no Laurentiuns,beeausenoIrislirocksas a Terrane 
W’ere similar to the original Lanrent ians. Noav, liowe\ er, be has It arned that the late 
Dr. G. M. Dawson and otln*r American geologists class the questionable Grenville 
series, although in part evidently clastic and volcanic, as Laurentian. Conse- 
quently, if this is allowed, there are also Launmtians in Ireland and Scotland. 

A short review of the American pn^Balmozoic riK'ks and a table of the classi- 
fications adopted in the United States and in the Doniiiiiou an* giviui with Dawson’s 
reasons for his objection to the former, as in it tlie Animikie and Iluronian 
are classed together under one title, Algonkian, nltlnui^h there is a profound break 
between tlu'm. Dawson seems to belu*ve the Animikie and the Keweeuawan are 
more allied to the Palaeozoic than lo the Arcluean : in the latter he would only 
include the Iluronian and the Laurentian. 

A table of the Pnheozoic rocks, similar to that in the * Economic Geologfy of 
Ireland,’ isgiven and short descriptions of the different, strata. This is succeeded by 
a general description of the different areas of the Irish prc-Paheozoic rocks, more 
especially those of Donegal and Galway. Tlu‘se two areas are subsequently tabled 
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as below, and the paper is concluded with a short discussion on the right to call 
any of the American, Scottish, or Irish rocks the great complex. 

In a paper, *A New Reading of the Donegal Rocks * (see ‘Proc. R.D.S.,* vol. vii. 
[n.s.), part 9, p. 14 et seq.) and in the * Manual of the Geology of Ireland,’ lists 
of the Donegal and Galway and Mayo strata are given : the first we may copy; the 
second has to he modified to come up to our present knowledge. These lists may 
be tabulated for comparison. 


Donegal. 

Terbanb No. I. (Laurentian ?) 

Granitic gneisses, micalitic quartzose 
gneiss, and subordinate limestone. — This 
Terrane was invaded by an albitic granite, 
and it and other granites are solely ad- 
juncts of the area not penetrating the 
overlying basement great quartzite of 
the Terrane No. III. 

Base not %nsihle. 

Tebbaxe No. II. (Huronians or a new 
Terrane.) 

1. Gneiss, schists, many hornblendes, 
with limestone zones, quartzitic gneiss, 
and garnet! ferous limestones. This 
Terrane was invaded by the typical 
porphyritic oligoclase Donegal granite 
with its adjunct the foliated granite or 
granitic gneiss, latter by other granites, 
all older than the overlying basement 
quartzites of Terrane No. III. 

Base not exposed. 

2. Gregory Hill schist series, a series 
of various schists with below them beds 
of hornblende rocks and one or two 
limestones. In one place a fine gneiss 
that seems to be metamorphosed f elstone. 

Base not exposed. 

Profound %inconformahiUty. 

Terrane No. III. (Keweenawan 7) 

1. The basement strata are the great 
quartzite with, under it in places, an 
agglomerate but more often a greenish 
rock, often quartzitic, in which are 
scattered widely disseminated rounded 
pieces of granite and gneiss from the 
Terrane that may be under it (No. I. or 
II.). Limestones or dolomites are also 
found, but only in a few places. The 
dolomites are associated with the 
agglomerates, and may be methalosis 
igneous rocks. 

2. Cranford limestone, dolomite, and 
sericitic series. 

3. Lough Keel or Millford schist 
series. 

4. Killygarvan volcanic series. 

6. Killygarvan quartzitic grit series. 

6. Lubber volcanic and limestone 
series. 

7 . Barn Hill grit series, 


Qalway and Mayo. 

(Laurentian ?) 

Various gneisses, schist in places; 
zones of hornblendite. Large and long 
intrudes of hornblende rocks, some ex- 
cessively developed. These were in- 
vaded by the Galway type granite and 
its; 'v: .Tanitic gneiss. 

Over these a profound unconform- 
ability. 

(Huronians or a newer Terrane.) 

The unconformable basement rock 
is a conglomerate exceedingly altered, 
various gneisses, schists, and quart- 
zitic gneisses, with a few subordinate 
limestones. In it are long intrudes of 
hornblende rock, sometimes tremolite 
rock, ophite, and elelagitc. This Terrane 
was invaded by the Omylite granite, 
which usually is not accompanied by 
granitic gneiss, but some of the outlying 
long intrudes are, and in them is 
immolated the basement conglomerate. 
On the rocks of this Terrane are found 
the basement great quartzites of 
Terrane No. III. 

I^ro/ound nnconformability. 

1 . The basement stratum is a schistose 
conglomerate under the great quartzite, 
with which the conglomerate limestone 
in places seems to be associated. 


2. Limestone, ophioUte, dolomite, 
with schist underneath. 

3. Quartzite and micalite series. 

4. Streamtown limestone and ophio- 
lite series. 

6. Micalite series. 
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Qalway and Mayo, 

Prohahle uncmiforniahility coneoaled 
under the KiUary and pantry Siluriant, 

1. Rascment beds unknown. 

2. Shales, slates, and grits with, in 
places, Ordovician fossils. 

3. Massive grits. 


4. Shales like those in No. 1, but 
sub- metamorphosed . 

5. Shot conglomerate. 

6. Sandstones with irregular thin beds 
and j)antry of a friable ])ebbly rock. 

7. Dark slate. 

The Lough Keel series, No. .*?, Terrane III., is the upp(‘r portion the Millford 
series, pushed into its pres* ut position hy an overthr>i<t : it iv ^e]>arated from the 
Killygnrvan volcanic series hy a master fault. J3<‘t\vi*eii the series 4 and 6^ 
1’errano IV. (Galway and Mayo), there may be an unconfonnnbility. and the shot 
conglomerate may he the <*quivalent of the mullaghsawinte of the co. Donegal; a 
break here, however, was not provi*d. The only seru‘s in tlie Termnes in both 
columns, the agt» of which has been pr()ved by tle ir fossils, are those numbered 
2, 3, and 4 in the counties Galway and Mayo: these are the equivalents of the 
Ordovician. 

Dawson in his address to the Geological S<*ction at Toronto states his disbelief 
in the bamneni cxymplex, A. C\ Lawson, in his ])aper * On Internal Uelation and 
Taxonomy of the Arclieaii of (\*ntral Ganada’ (1890), se**ras to bo of a similar 
opinion ; while A"an Ilise in his writings only gives a half-hearted consent ; the 
writer finds it hard to believe in it. 'Hie section of the Laurentians shown in the 
cliffs of the Saguenay Fiord is said t<) la* a typical one; and here, between the 
river St. Lawrence and the Labradorian of St. John, thc‘rt* are various changes — 
foliated granite, granitic gneiss, felapathic varieties, and quartzitic varieties— that 
would seem to suggest that the rocks were not one ba.«emeiit complex, but that 
they had lH*en supplied from zones of distinct magmas ns long ago suggt‘sted by 
Deh»sse. Then we come to the Labradorians of St. John, 'fhese in asj)eet are most 
ancient, the foliation being t»xtraordinary, no as not to be bt‘lievi‘d in exct‘pt seen, 
some of the measurtHl leases of quartz and felspar being from 9 to 12 ft. and 
more long. Yet on (‘xaiiiinalioii this rock in its present position is younger than 
the Laurentians, being intruded and sending apophyses into it ; but in its original 
place it must be older. If the Laur<*utian is the basement complex, what is the 
agtM)f the Nor ian, and what is its genesis? Similarly in Scotland and Ireland. 
If the Lewisan or fundamental gneiss is Laurentian or bast*meiit complex, what is 
the age of the granites and granitic gneiss with th»‘ir a]>ophyses ? Then there is 
the ‘Old Day ’ of iScotland, called hornhlende rocks in Ireland: what is its age and 
genesis ? Some, at leat-t, of tlie Scotsmen say that the Lt'wisan gneiss is the torn- 
up ‘ Old Boy.* ’ If so, how did it exist to bo torn up into tht* basement complex? 
Tiien there ar«' the quartzitic and highly felspalhic Aarieties of the Lewisan that 
are said to have their origin in masses of those classes of rocks. These are com- 
plications tlint some people may understand, but others do not see their way 
to Ix'lieve that fundamental kockr had their origin in prbfundahental 

ANCESTORS. 

* There is a vein of humour in this Scotch sobriquet. The rock is the ‘ Old Bay,* 

and yet it is to be torn up for the making of the oldest rocks on the face of cr^tion. 


Donegal, 

Prqfmmd urusonformahility, 
Terrane No. rv. (Ordovician.) 

1. Basement stratum mullaghsaw- 
nite, a firm conglomerate, in part arkose. 

2. Baphoe limestones and shales. 

3. olates with irregular masses and 
beds of sandstones, partly arkose. These 
sandstones, sometimes pebbly, have re- 
gular oblique systems of joining. Usually 
these joints are so close together as to 
give the rocks the appearance of piles 
of huge books. 
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6. Some Irish Lacoolithic Hills. By G. H. Kinahan, M.R.LA. 

The author begins by pointing out that laccoliths are not usually classed 
among the elevators of hills. Of late years Professors Gilbert and Cross, of the 
U.S.A. Survey — although not the pioneers — have brought this prominently 
forward. A short list of writers on the subject is given. The south-east of 
Ireland — "Wicklow, Wexford, and Waterford — is mentioned as the portion of the 
country in which they are conspicuous. Most of those in Wicklow and Wexford 
were carefully mapped and described. 

Gilbert’s definition of a laccolith, copied from a letter, is given. I* j 
differs from his original, as in this he points out that fragments ' ;■ :: 

the conduit-pipe are usually found in the laccolith. This statement was made in 
a reply to a query of the writer, who in his description of the laccoliths 
of South-east Ireland had specially mentioned them. 

A few very characteristic laccoliths are particularly mentioned, such as the 
range of the Wicklow and Wexford granite hills, this line of upheavals being 
explained by diagrams illustrating that the granite had come up in pipes through 
the undermost Oldhamiaiis (Archa3aii) and lifted up tlie superior then horizontal 
Ordovicians; so that now, as a general rule, the Ordovicians, not the Oldhainians, 
are in contact with the granite. A few remarkable laccolithic hills in other 
parts of Ireland are also mentioned. 


7, The Geological Distribution of Fishes in the Carboniferous Rocks of 
Scotland. By Dr. R. PI. Traquair, F.R.S. 


8. The Geological Distribution of Fishes in the Old Red Sandstone of 
Scotland. By Dr. R. H. Traquair, F.R.S. 


9. Perim Island and its Relations to the Area of the Red Sea, 

By Catherine A. Raisin, D.Sc. 

This paper describes briefly rock specimens from Perim Island collected and 
placed at the disposal of the authoress by Mr. J. A. Rupert Jones (.sub- 
lieutenant R.N.R.), now stationed at Aden. 

The island, as shown in the Admiralty chart, has somewhat of a borse-shoe 
abape, enclosing a harbour opening to the south. Low plains, less than 12 feet 
above sea-level, extend in from the coast, especially at the north, and consist of 
raised beaches, but most of the southern and eastern parts are billy, reaching 
249 feet at the highest point. 

The specimens received are all from volcanic rocks. The surface, according to 
Mr. Rupert Jones, is composed mostly, to a depth of about 7 feet, of loose 
blocks (4 feet or less in diameter), often imbedded in calcareous sand or mud. The 
underlying rock is exposed in cliffs and in quarries, and occurs generally in roughly 
horizontal layers. One mass in situ (near Ralfe Point) is a not very basic basalt 
(almost an andesite) crowded with felspar microliths with marked fluidal orienta- 
tion, and is probablj a lava flow. Another reddish rock witli scattered rounded 
vesicles (from a chff north-east of the harbour) approaches a microcrystallino 
basalt in character, and consists of much plagioclase, clear gum-like augite, some 
red brown ferruginous olivine or pyroxene, and a little black speckled glassy base. 
In another spot (near Balfe Point) a whitish tuff or fine agglomerate is quarried, 
and consists largely of fragments of pumice with some broken felspar, augite, and 
other crystals. 

The surface blocks in one or two examples consist of fragmental rocks. One 
is a red more basic tuff, containing thin black streaks, apparently of a spberulitic 
glass. The blocks, however, are mostly scoriaceous and vesicular, petrologically 
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generally basaltic, and similar to the underlying rocks described above, but with 
some variation, as if they might represent a broken lava crust. They are crossed 
by veins of calcite, and the ashy materials and other fragments are often cemented 
by calcareous deposits. 

The history of Perim Island belongs mainly to the Tertiary era. We may 
infer that the Red Sea, from its general contours and the steep descent of the bed 
towards a central depression, forms part of the Great Rift Valley, extending from 
Lake Tanganyika to the Jordan, along Which at so many places volcanic outbursts 
on a large scale have occurred. Both in Arabia and in Abyssinia extensive tracts of 
volcanic rocks are found of more than one period. The rocks of Perim belong 
probably to the later or so-called Aden group. The raised beaches of the island 
are an evidence of oscillations of level, which are proved by upraised and submerged 
coral reefs to have affected other parts of the Red Sea. Denudation and weathering 
of the surface took place, and calcareous sediment w^as deposited, while at different 
times coral reefs became established in the adjacent shallow seas. 


10. Artesian Water in the State of Queensland^ Amt r alia. 

By R. Logan Jack, LL.D.^ F.G.S. 

The western interior of Queensland is endowed with rich grasses, but has an 
insufhcient rainfall. This defect, however, has been to some extent compensated 
by the success in boring for artesian water, which was commenced in 1885. It is 
estimated that artesian or sub-artesian water is to be found beneath an area of 
over 264000 square miles. 

The greater part of the western interior of Queensland is composed of soft 
strata of Lower Cretaceous age, consisting of clay-shales, limestones, and sand- 
stones. Those strata are so disposed that the lower members of the series crop 
out on the western flanks of the coast range, where not only is the elevation of the 
surface greater than in the downs to the west, but the rainfall is also com* 
paratively abundant. 

Along the eastern mararin of the Cretaceous area there is a porous sandstone of 
great thickness, the ^ Blythesdale Braystoiie,’ and owing to the low dip the outcrop 
of this permeable stratum occupies a belt from live to twenty-live miles wide ; but 
the Braystone finally disappears beneath the argillaceous and calcareous upper 
members of the series which forms the surface of the downs to the west. Several 
rivers disappear while crossing the outcrop of the Braystone, and the water must 
be carried in it beneath the clay-shales of the pastoral downs. 

It is believed that the subterranean water leaks into the Great Australian 
Bight between the 124th and 184tli meridians of east longitude, and perhaps partly 
into the Gulf of Carpentaria, as the pressures in the wells decrease with theif 
distance from the elevated outcrop of the Braystone. Mr. J. B. Henderson, 
hydraulic engineer, has constructed a map showing lines of equal pressure, which 
enable intending borers to judge whether or not, when they strike water, it will 
rise to the surface. 

The following statistics are from Mr. Henderson’s report for the year ending 
June 30, 1900:— 


Aggregate depth of bores 
NumV^er of boros .... 
Number of flowing bores . 

Deepest bore 

Highest temperature 
Largest flow of a single bore . 

Total output of the 515 flowing bores 


185 miles. 

m. 

515. 

5040 feet. 

106 ° F. 

6000000 gallons per day. 
117403674686 gallons per annum. 


The 615 wells would fill a canal 100 feet wide and 20 feet deep, 1779 milei 
long, in twelve months ; or fill Loch Katrine in a year and a half. 
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MONDAY. SEPTEMBEB 16. 

The following Papers and Reports were read: — 

1. The Cambrian Fossils of the North-west Highlands. 

By B. N. jPEACii, F.E.S. 

[Communicated by permission of the Director of the Geological Survey.] 

The Cambrian rocks of the north-west of Scotland occur within a narrow 
belt of country, less than ten miles wide, stretching from Durness and Eireboll to 
Skye, a distance of 1 20 miles. 

The lowest member consists of quartzite 500 feet thick, the under half of 
which is false bedded and devoid of organic remains, and the upper part of which 
is liner grained and more evenly bedded and pierced by worm pipes, ^ Scolithus 
linearis^ by means of different forms of which it can be divided up into five 
sub-zones. The succeeding ‘ fiicf)id beds,’ consisting of fifty to eighty feet of green 
mudstones, dolomites, <&c., have yielded three species of Olenellus, nearly allied to 
Olenellus Thomsoni. The serpulitt*. grit, from ten to thirty feet thick, usually 
crowded with Salterelhis, has also yielded a species of Olenellus. It is overlaid 
by a vast column of dolomite, limestone, and subsidiary beds of chert, amounting 
in all to 1,200 or 1,500 feet in thickness. The first thirty feet of the limestone 
has yielded two species of Salterella, and the beds up to that point are looked 
upon as the equivalents of the Olenellus or Georgian Terrane of S’’orth America, 
the whole facies of the fauna being exceedinglv like that of America. 

The overlying column of dolomite, &c., has been divided into seven sub- 
zones, varying in thickness from 100 to 400 feet, the three uppermost zones of which 
have yielded a fauna almost identical with that described by Billings and others 
from rocks which in Newfoundland and the St. Lawrence region of Canada 
underlie black shales, at Cow Head and Point Levis, yielding a long suite of 
graptolites characteristic of the Phyllograptus or Arenig zone. The Durness 
dolomite must therefore represent the Middle and Upper Cambrian horizons, and 
perhaps the base of the Arenig of America and Europe. 

As regards the conditions under which these deposits were laid down, the 
author considers that the basal quartzites show proximity to a low shelving shore 
line continuous across what is now the Atlantic to America, more or less 
parallel to the shores of what is now Western Scotland, and a little to the north 
of the present area ; that owing to more or less continuous depression of the area, 
the ^ pipe rock ’ was deported further from shore, the ^ fucoid beds ’ representing 
the period when the * mud line ’ or limit of sedimentation was reached, while 
the vast pile of the Durness dolomite represents the debris of the M’lankton ’ 
that fell on the bottom of a clear though not necessarily a deej) ocean. Solution 
of great part of the calcareous ooze while exposed to the action of sea water, 
and perhaps substitution of magnesian salts for calcareous ones, changed the 
calcareous oozes into dolomites, while the chert beds represent the reasserted 
remains of the silicious organisms. 

The author pointed out that in Arenig times the sea over what is now the 
northern part of the southern uplands of Scotland was also a clear one, free from 
terrigenous sediments, and in which a radiolariaii deposit accumulated. If the 
rocks along the Highland border described by Messrs. Barrow, Clotigh, and 
Gunn he the northern continuation of these south<‘rn upland rocks, then it is 
rendered highly probable that in late Cambrian and early Silurian times a clear 
sea lay across what are now the Highlands of Scotland, which was probably the 
harrier which divided the Cambrian faunas of An)erica and North-west H(X)tland 
on the one side from those of Wales, Bohemia, and the Baltic region of Europe 
on the other. 



THANSACTTOKS OF SECTION C< 


643 


2. 7%d Investigation of Fossil Remains hy Serial Sections, 

By Professor W. J. Sollas, D,Sc., F.R,S, 

It is now becoming increasingly recognised that the key to the evolution of 
the animal kingdom is not the exclusive possession of ontogeny alone, but is shared 
at least equally by the sister science paleontology. The information afforded by 
the latter study is far less than might be justly expected, owing to the insuf- 
ficiency of its methods. T'he method of fossil sections has worked a revolution 
in zoology since its first introduction some few decades ago. Could it be applied 
to fossils no less far-reaching results would naturally follow in palaeontology. 
Serial thin sections for examination by transmitted light are, however, in 
most cases out of the question, since they cannot be obtained in a sufficiently 
close succession. The same objection, however, does not apply to polished 
surfaces intended for observation under the microscope by reQected light. 

These can be obtained to almost any desired degree of jiroximity, and a 
grinding machine designed for the author by the Rev. Gervase Smith, and 
constructed with the aid of a grant from the Royal Society, furnishes a series 
of parallel plane surfaces at regular intervals of from 01 to 0-03 mm. In the 
case of fairly well preserved specimens these may be studied under powers of from 
1 inch to i inch, and all the details of their anatomy ascertained. 

Drawings under the camera lucida or photographs may be obtained from 
them, and from a series of such drawings the fossil may be reconstructed on an 
enlarged scale. Already several species of fossils have been treated in this way 
with complete success. Su])plemented by a few thin transparent sections it 
affords a means for ascertaining the anatomy of fossils in fulness and with 
precision. 

The so-called Ophiurn Egertoniy which the author has srudied in conjunction 
with Miss F. Wright, displays under the method of grinding all those minute 
characters on which zoologists depend for the determination of recent species, 
including the tentacle scales, teeth, buccal papillae, and the granulations on the 
buccal plates. The details of the anatomy of Laptcorthvra Miltoni are also clearly 
revealed, and in both cases the anatomy of the jaws is so exactly indicated that 
from thestf fossil remains alone the homology of tliese organs can be av«certained. 

Models were exhibited prepared from serial sections of Pahroapondylns Gimniy 
Traquair, taken in longitudinal, transverse, and facial directions. These W'ere 
obtained and studied by Miss Igerna Sollas and the author. They appear to 
reveal the existence of a dor.sal shield, a maxillary arch, a palatine element, and 
a suspensoriura, as well as gill arches. A lower jaw is indicated. While pointing 
in some din‘Ctions to the (Jyclostoiues the more important characters of the 
fossil suggest atlinities with the Amphibia and Dipnoi. 

Models in wax have also been prepared of Monograptu* priodoji^ and were 
exhibited before the Section. 


3. Notes on some Fossil Plants from Berwickshire, By R. Kidston. 


4. Report on Life-zones in the British Carboniferous Rocks, 
See Reports, p. 288. 


5. Geology regarded in its Economic Application to Agricidture hy Means 
of Soil Maps, By J. R. Kilroe. 

It is proposed to consider the means by which geological information can best 
be applied to agriculture, the utility of the application being assumed to be univer- 
sally admitted. 

Amongst the objects to be aimed at should be the furnishing of reasons and 
suggestions for the profitable localisation of certain branches of the industry, viz., 
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Stock-breeding, Dairying, and Tillage, the last viewed in detail as regards the 
most economical and profitable application of manures, and the selection of soils 
most appropriate to dilierent kinds of crops. 

Viewed in a more general way, the utility of Geology may be considered, as 
regards the valuation of land, the development of estates, and schemes of irrigation 
and drainage. 

We may omit the special case in which soils may be regarded as mere recep- 
tacles of manures (in places within easy reach of ready markets, in which case 
high profits are often realised) ; and proceed to note that in general farming, not 
only have facilities for drainage and percolation to bo considered, as well as the 
conditions of retentiveness, capillarity, and absorptiveiiess, or the quality of re- 
tentiveness for fertilisers — all of which are determined by geological circumstances — 
but the nature and abundance or scarcity of crude fertilising substances naturally 
present in soils, to be operated on and rendered available for plant use by acidulated 
waters in the ground, have a very important bearing upon the quality of land, and 
are equally determined by geological considerations. 

In virtue of difierences in the amounts of the leading fertilising constituents in 
soils, and differences in the degree of facility with which they are rendered avail- 
able, a great range of intrinsic soil-values is observable in Ireland, where according 
to Sir R. Griffith some laud is to be met with capable of putting upwards of 3 cwt. 
of flesh per Irish acre (or 2j cwt. per statute acre) upon grass-fed animals each 
season. 

Chemical analyses of soils, as means of discriminating as to their resources or 
deficiencies, of determining the amounts of fertilisers immediately available accord- 
ing to Dr. Dyer’s method, or the amounts soluble in aqua regia according to that 
adopted by M. do Gasparin, or the bulk amounts present in any sample, can never, 
on account of the expense and number which would be requisite, come to be 
regarded as a practicable feature of economic farming procedure, unless indeed 
analyses be applied in connexjtion with some ready and fairly reliable means of 
comparing soil wfith soil in dift'erent localities. Such means would bo afforded by 
soil maps upon a geological basis. 

Agricultural maps {carf('s ayronomxqxLea) have been advocated by such autho* 
rities as De Caumont and Delesse on the Continent. Risler, head of the first 
Agricultural College of France, not only values the aid which geology supplies, 
but considers that detailed geological maps would suffice for agricultural purposes, 
such maps in that country fairly suggesting, not only the character of soils 
resulting from the decay of immediately underlying strata, ns regards their physical 
qualities, whether as sand, loam, clay, and intermediate varieties, but the aegree 
and nature of their endowment also, with fertilisirjg substances. 

In the British Isles north of the Thames, Drilns supervene to n great extent, 
masking or obliterating tlie characters proper to soils, whicli otherwise would cover 
each formation or igneous mass. Hence ordinary geological maps do not here 
suffice for agricultural purposes in these countrie.«. 

The Drift maps published by the (Geological Survey, so highly serviceable 
economically, in thickly populated areas, for purposes of drainage, water supply 
on a small scale, and in connection with the brick-making industry, seem to me to 
come short of agricultural requirements in this, that they do not give prominence 
to information bearing upon the natural endowments of soils as regards fertilisers 
— not even as much so as ordinary maps showing the solid geology. 

I should therefore propose a scheme of sod maps which, while keeping in 
view the elements upon which the physical qualities of soils depend, gives pro- 
minence to information bearing upon the soil resources. 

To do this I should use, somewhat as on our original Irish drifted maps, 
close, wide, and medium stippling, to distinguish sands and gravels, boulder clay, 
and intermediate varieties respectively — the boundaries of which in the field are 
exceedingly ill-defined in many places. Over this I should apply a light wash of 
colour appropriate to one of the following groups of rocks, to represent the soil, 
whether drift-soil or soil directly formed over rock, according to the prevailing 
character of debris present in the uppermost layer, the soil ana subsoil, reserving 



TRANSACTIONS OF SECTION C. 645 


tbe darker tints of colour for the places where the rock is actually to be seen. 
Other details are described in the paper. 

I should arrange strata and igneous masses in much fewer groups than these 
represented on geological map*^, and retain the system of colours on these mnpi 
in so far as they prove ordinarily suggestive of tlie rocks referred to, viz. — 


Limestone (Chalk, &c.) 

Sandstone and Shale . • • , . 

Grits and Slate 

< Quartzite and tScliist 

< 'oal Measures 

Basic ilocks 

Acid Rocks 

I'eat Bogs 

(iravelly and Coarse Pebbly Alluvial deposits 
Loamy and Peaty Alluvium . • • • 


Blue. 

Slate colour. 

»» »» 

Dark grey. 
Burnt carmine. 
Carmine. 

Sepia. 

Burnt sienna. 
Green. 


Such a system would tend to meet the strong prejudice existing in farmers’ 
minds against g.-d'-Tir.*!] technicalities, while keeping the essential points of 
information concerning soils in the forefront. 

The addition of contour lines, even if only approximately drawn from the 
levels given on the ()rdrianc(* maps, would be a valuable addition to these indus- 
trial maps in consideration of ditlbrenco of climatic conditions attendant upon 
ditfereuces v)f elevation. 


G. rUtnis (ttrl Gnlmpif^rn. from a of Pteialocenr Age at Wolvercote^ 

0,rfor<ls1ure, Jig A. M. Bell, 3LA., J'J/lS. 

riant remains of I’h'istocene timo are of great rarity in Kngland. The two 
most important series wdiich have het*u described are from Iloxne, in Suftblk, ob- 
tained by Mr, Clement Iteid, F.1L8., and Mr. II. X. llidley (‘Geol. Mag./ IStSS, 
p. 441), and from North London by Mr. Worthington 0. Smith. 

There is in these remains ; LP* - r Of twenty-eight plants obtained 

at Iloxne throe are arctic (Salix polaris, S. inyrsinitos, Belula nana); seventeen 
range to the Arctic Circle. 

At Stoke Newington, on the contrary, Mr. W. .1. Smith obtained the elm, tho 
chestnut, clematis, and perhaps the vino. Only throe out of eleven pljints reach 
the Arctic Circh*. 'riio pine, the alder, birch, and yew, with the royal fern, wore 
more in harmony with tho present, and tho iiast iloras. 

In tlie author’s opinion the Stoke Newington ilora represents a much later age of 
Pleistocene time tlniii the Iloxne flora. Tin* conditions were continental, and the 
flora of the south wa.s ..-il: . while tho arctic Ilora Avas disappearing. 

The plants as yet i i, by the kindness of Mr. Clement Reid, from 

AVolvercote re.sembie thn.se found at Stoke Newington more than those of Iloxne. 
Tliis is in hariuony with tho writer’s Adew that tlie Wohcrcote deposit is of late 
i’leistoceno age, nearer to the Stoke NeAvington than to the Iloxne deposit. 

Kighteen plants obt.uined by the author are given. All of them are found 
in Oxfordsliire to-day. Might only baAe an extension to the Arctic Circle. Four 
mosses havt* been obtaimHl, one of which is certainly recent. A considerable 
number of the wing-cases of beetles haAO also been found. These are dillicult 
to identify, but tlu^ genus of onii, roinarknhle by its rows of hairs, has been 
named hyJMr. Waterhouse, of the Natural History Department of the British 
Museum. Only one of the genus noAV is found in lOngland, and that is differtmt 
from the Woh^circote species. On tlie other hand the genus is common on th(‘ 
Continent. 

These fact. s, coupled AAuth tho.se from Stoke Newington, tend to the conclusion 
that iu late I’leistocono timet the climate of tlio Thames Valley was more conti- 
nental than it is at present. 


U U 


1901. 
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7 . li^oTl on the Terrestrial Surface Waves and Wavedlke Surfaces, 

See Reports, p. 398. 

8. Report on the E,rp1oratwn of Keixh Caves, Co. Slif/o, 

, ^eo Jlopqrts, p. 282. 

9. Evidences of A^icieui Claciev-dammed Lakes in the Cheviots. 

Bu Percy P. Kkxdall, FJLS.^ and JlERiiKitT R. .Muff, B.A.j F.fi.S. 

It is uncertain wlietlier tlie TUi^viot .itself was overriddpii by extraneous ico, 
but stria) on Thirl Moor and Raker Oraj? recorded by llio Oi-olouicnl Survey 
probably indicate that this portion of the watershed was overridden by ice from 
the Tweed Valley, and Prof. Goiklo* mentions till and striated stones on the tops of 
the Cheviot Hills at 1,1300 ft. The transport of erratics shows movement aloiii^ 
both sides of the axis of the range from H.M". to N.R. at some stage of the 
glaciation. Across the northern end and for at least ttm miles down the eastern 
side, however, a distribution of rocks from the Tweed Valley, togeth(*r with other 
indications to be mentioned, points to an ice- flow veenng round through easterly 
to a due north-to-south direction. The observations of the authors go to confirm 
the above conclusions with respect to the area N. and 10. of Cheviot, 

Tlie authors, during a few days spent in the district, observed certain features 
which throw much light on the later stages of the Tee Age in this area. ]\Ir. 
Clough mentions ^ ‘ dry, steep-aided little valleys crossing o\ or watersheds, which 
do not appear to lie along lines of weakness or the outcrops of soft beds. It is 
suggested that they might have been formed by strt'ams from glaciers.' Some of 
the valleys observed by us run along the sides of hills or occur as loops detacliing 
portions of the walla of valleys, and the general characters of similar valleys have 
been described by us separately.* Their mode of occurrence and the relations to 
the relief of the country, as well as to the position occupied hy the auiui^nt ice- 
sheets, show that they can he ascribed only to tlie overflow of water from lakelets 
held up by an ice-barrier. In the tract of country between Veavering R<‘U and 
Ingram we found that each of the spurs separating the valleys which radiate from 
(Jheviot was cut across by one or more sharp gorge-1 ikt) channels, draining, with 
one -'i'lnfV '.nt exception, to the south. The spur between Jtoddam Dean and the 
llreamish River is cut near ( ’alder Farm by a channel, bounded on tiu* east by 
the moraine, draining to the south; but a higher portion of the same s])iir is 
traversed by a channel draining in the opposite direction, i.e., to the north. The 
highest member of a series across any given spur is usually just above the boun- 
dary of the drift containing extraneous boulders. At the outlets of the valleys 
there are, in several cases, deltas represented by masses of gravel. 

Conclusions . — The existence of the series of overflow channels points clearly to 
the former presence of a chain of small lakes held in the radial systimi of valleys 
of the Cheviots by a barrier of ice. The ice-stream by the boulders which it bore 
may be inferred to have swept round the end of the Cheviots out of the Tweed 
Valley. The margin of the sheet at its maximum extension rose to about 
1,000 ft. along the arc from Yeavering Hell to Rrand’s Hill, beyond which it 
may have declined. Along the south-eastern slopes of the (’heviots another 
extraneous glacier swept in a north-east direction. Where their confluence took 
place, or whether they were not in succession rather than simultaneous, is not 
easy to decide, but the Iloddam Hum channel points very clearly to the prepon- 
derating influence of the southern stream, while the Calder Farm overflow lower 
down the same ridge shows by its southerly slope that the northern ice later 
acquired the mastery. If the two glaciers were confluent, then the overflowing 

* Geol. Surv. Meni,, ‘The Geology of the Cheviot Hills.* 

- i/./l. Ileport, 1801 ), P. F. Kern lull, * On Extramorainic Drainage in East York- 
shire’ ; iMd., 1900 , A. Jowett and H. B. Muff, ‘Preliminary Note on tht* Glaciation 
of the Bradford and Keighley District.’ 
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waters of the lakes must have been discharged either beneath the ice, as at 
present happens to the overflow from a chain of ice-dammed lakes on the 
Malaspina (xlacier, or over the top of the ice. 

An important and unt'xjM^rted result of our brief examination ha? been tlie 
disrov(*ry that while ‘ foreign ' iee was rising along the flanks of the Cheviots to 
an altitude ()f 1,000 ft, not only were the spurs five from any native ice-sheet, 
such ns (Cheviot or Ifedgehope might liave Ihmui expected fo sup][3ort, but even the 
lower ends t)f the intervening vallevs were ooenpied, not hy great native glaciers, 
hut hy lakes. 

The conditions thus descrihed may hnvt‘ some relation to the fact that while 
the ]M)r]myrltes of llie (’hevi^ds have furnLshed the most abundant types of 
erratics in the drift of the \orksliire coast, the granite, if pri‘>ent - which is not 
quite certain — i'* very rare. 

10. Iifptn'f ntt fhr Enutfir o/'flto Inins, 

Se(» Reports, p. 2S:h 


11. Inffi'iiit linjnn't on. fhn lust Mnthuth Jor fhn Rnifist ration of nil Type 

Sjtnni nn ns of Fossils in thn Jirifish [sins, 

12 . Jlnforl njion tin' Pmsmt S/trfn of our Knoinlnhjn tf thn Strnclure of 

Fifistnls, SfM' Ri'ports, p. 207. 


rui:sn 1 1 \ suvTEMjiJUi u. 

Tile following Pnjiers \\ero read : — 

1. Thn Si'oHish Orns if i^oppnr in llnir (Inolof/icnl Rnltttitms, 

Jhf , 1 . C. CooiH’IlILl), FJi.S. 

1’he OH'S of copper occurring in Scotland a])pi'ar, hO far as their origin is con- 
ceriu'd, to he referahh* to tui) primary categorio. 'J’lic first of these includes 
those minerals Avh^)M^ origin is cvulontly connected with the uprise of thermal 
waters; and the st'oond includes thoM? whiidi are due almost entirel\ to deposition 
of materials carried down in solutnni from some rocks at a higher ievf‘l to others 
below. The two melliods of origin may be likened to the ebb and the flow of the 
tides, 

'lo tlu‘ lir.'it category belongs most of the ( Muilc<»|nTited occurring in Scotland, 
and \vith that mineral is to he inchidcd aho ( ’halcoeitc and IJornile. Those 
mostly occur in comu'ction with mineral veins. A small percentage of other 
compounds of (^<)pp<M* with Sulphur a])pears to have originntoil in coiinc<*tiun with 
certain eruptive rock of siih-hiwic composition. Wht*n those latter have been 
atVected by dyiuimic im*tamrirpliism the prtu'css mhous ti» have favoured the local 
concentration of the Tuinoral which was formerly diffused. Hence several 
l^pidioritos contain ( ’ha Icopyritcs, apparently a'i an oriirinal conslitueiit (if we 
regard their schistosity as original to that typt* of rock). 

To the .'Second cati'Utwy, that of the ehh-pvodiicts or minerals of secondary 
origin, l3tdong all the remainder. 

Taking these in the order, and witli tin* mimber.s, adopti'd hy Dana, wo have, 
first, (15) Native (lopper. 'riien* cannot bi* much doubt that all the Scottish 
specimens of this are of sectuidurv origin. The earlier stage seems to have been 
that of solution, along with those of the constituents of a sub-basic eruptive rock, 
through whicli, probably, the copper ore was originally dilVused in very minute 
(piantitios. The decomposition of the rock hy surface agencies has again converted 

u u 2 
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this into solution — probably in the form of carbonate — from which solution 
any one of various reagents, in most cases probably decomposing organic matter, 
has reduced the dissolved substance to the metallic state. In this form it lias 
been deposited as thin sheets along the divisional planes of the rocks situated at a 
lower level than its point of origin. In the form of iihus of this kind it occurs at 
Boyleston, in Renfrewshire, where it is found in lavas of Lower Carboniferous 
age ; and at Ballocbmyle, in the joints traversing the marls of the New lied 
Rocks there. I may remark, in passing, that these rocks so closely resemble the 
Bunter Sandstone that I should never have hesitated to refer them to that horizon 
had not a ditferent opinion regarding their age been expressed by the distinguished 
author of ‘The Scenery of Scotland.^ 

Native Cop^r also occurs in the form of minute particles — possibly crystals — 
in some of the Brehnites of Boyleston and Glen Farg. Doubtless these varieties 
of Prehnite owe their colouring matter to the presence of this mineral, just as 
the ordinary green variety of Prehnite owes its colour to diffused compounds of 
copper of other kinds — possibly to Chrysocolla. The same metal also occurs at 
Boylestone, disseminated throughout some of the beautiful crystals of Calcite 
which line some of the drusy cavities of the lavas there. When Native Copptir is 
enclosed in these crystals the external form is much more complex than whore the 
metal is absent. 

Some Cbalcopyrites must undoubtedly be classed amongst ebb-products also, 
seeing that a second generation of crystals often occurs upon minerals whose 
secondary origin cannot be doubted. Atacamite lias been claimed as a Scottish 
mineral, but, it seems to me, on insufUcient grounds. 

(224) Cuprite, as might be expected, occurs in connection with the other 
decomposition products of copper ores. Usually it occurs as one of the consti- 
tuents in the compound known as Tile Ore; but occasionally, as at Glen Farg, it 
shows traces of crystalline exterior ; or as at Boyleston, whf»re Mr. Craig-Ohristie 
has got it in the capillary or velvet-like form. Some of the silicate of copper from 
Lauchentyre appears to me to be coloured red by Cuprite, which may also occur 
there in the free state. 

(230) Tenorito has not yet been proved to occur os a separate Scottish 
mineral ; but the black Chrysocolla from Lauchentyro and other mines in the 
neighbourhood may possibly owe its coloration to this mineral. 

(288) Malachite calls for no special remark here beyond tiu? stat(»meiit tliat it 
does not appear to show crystalline termination at any locality in Scotland c.xcopt 
at Sandlodge, in Shetland, where it seems to have been taken for Brochantite. 

(289) Azurite is singularly rare in Scotland, and has not yet been found with 
visible crystalline faces. (290) Aurichalcite, (741) fiinarite, and (739) C^aledonite, 
well known as secondary products of the decomposition of veins contnining (.’opper, 
do not call for any special remark in this abstract. 


2. A Revised List of the Minerals kiioum to occur in Scotland, 
By J, G. GooDcriiLD. 


The following list embraces the whole of the minerals whose claim lo rnnk as 
food species and whose occurrence in Scotland 8i*em to the author to be beyond 
loubt. The list will probably Lave to be extended : — 


Graphite 

•Sulphur 

Gold 

Copper 

Stibnite 

Molybdenite 

Argentitc 

Galena 

Ohalcocite 

Blende 


Dolomite 

Magnesite 

Siderite 

Aragonite 

Strontianite 

Cerussitc 

Malachite 

Azurite 

Aurichalcite 

Zaratite 


Okenite 

Gyrolito 

Apophyllitc 

Jloulandito 

Brewstcritc 

Harmotome 

Htilbite 

Laumontito 

Chabazite 

Gmelinlte 
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I’entlandite 
Greenockite 
Millerite 
Niccolite 
Pyrrhotitc 
Covcllito 
(?) Born it e 
("halcopyrite 
Pyritos 
Gersdorfiito 
Marcasite 
K('rmesite 
(?) Bournonito 
Tctrahcclrite 
Salt 

Sal'ammoniac 

Fluor 

Qimrtz 

Quart zi no 

Tridymitc 

Opal 

Valentinite 

Corvantito 

Wator 

Cupritt* 

Corunduiii 

Ifa'inatiU* 

llnicnite 

Spinel 

jM ajxnetitc 

Clironiitc 

llutile 

riattnorito 

Brookitc 

Pyroliihitc 

Turjjfilc* 

(iocthitn 

iBanganito 

TiinioniU; 

Brucito 

I'yroaurite 

Psiloinclane 

Calcito 

C’aledonite 

liinarite 

tiypsuni 

EpHoinitc' 

Moivnosile 

]\h‘lanteritc 

Alum 


Hydrocerussito 
Orthoclasc 
Microcline 
Anortlioclasc 
Albiie 
Oligoclasc 
AndcRino 
Labradoiite 
Anorthite 
Kiihtatite 
lij’persthenc 
A unfit o 
yKgirine 
Spo<lumene 
Wollastonitc 
Pectolitc 
(.’) Babinnrtonite 
Hornblende 
(?) (ilaucopliane 
Bicbfokite 
Beryl 
Jolite 
Nej)heline 
Sodalitc 
(tarnef 
ForMerito 
Olivine 
Wernerit c 
Idociasc 
/ireon 
'rijoritc 
T<»pa/. 
Andalusite 
Sillinianilc 
Kvanitc 
Diitolitc 
ZoiMto 
Fpidtite 
Allanito 
Preliiiite 
Heininuniihito 
Tourmaline 
Staurolilo 
Pirkering^ito 
Halotriciiito 
Wull’enile 
1 hit cl ictt elite 
Ozocerite 
Fiolit(»lite 
Betinitc 


Levync 

Analcimc 

Edingtonite 

Natrolite 

Scolccite 

Mesolite 

Tbomsonit e 

Muscovite 

Zinnwealdite 

Biotilo 

Phlogopito 

liCpidoiiielane 

llaughtonite 

Chloiitoid 

Ottrelitc 

Clinochlore 

Pennine 

Prochloritc 

Delossite 

Serpentine 

'J’alo 

Sai)onile 

Celadonitc 

Olauconite 

Kaolinitc* 

(?) Hall(*yhite 
Chrysocolla 
Pilolite 
Spliene 
Apatite 
I’yronn >rplntc 
Vanadinitc 
Vivianite 
Erytbrito 
Annabergitc 
Wavellite 
(?) Olauberiic 
Barytes 
Oelestine 
Anglesite 
(?) Vaiiquelinitc 
Lcadliillite 
Lanarkitc 
Torbernite 
Bathvillite 
Middiet onite 
Petroleum 
As])baltum 
Elaterito 
Albertite, &e. 


The following are remarkable by their absence : — Calamine, Wilherite, Leucite, 
Axinite, Anhydrite ; and .Marcasite and Fluor by their rarity. 


B. Thr Occurrrtice of Jlarhiin Su! phafe tnul Cafrhnn FJnovidt* as Cemnitintj 
Suhstancfs in iha EUjiu Trias, By Wm. AJackik, M,A,y M,D, 

liariuin siilpliatti as a coment of sandstone was first noted by Professor Clowes 
in 1S85 as occurring in Triassic rocks near K *'*■-’ ■: Other localities in sand- 
stones of the same ago have since been noted, n iu the north or centre of 

England. 

Barium sulphate in the Elgin Trias was first observed by the author in 1805. 
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It occurs mainly in nodiik*s which ranp^e in size IVom a hazel to a walnut dis- 
seminated through aii oxteiisivu mass of sandstone along the coast of Klginshir;*, 
near Covesea Lighthouse, wdicre in coiisequonco of its intlueiice on the weathering 
of the sandstones some unique resuh s in rock sculjduring ha\ o been produced. 
Analyses of some of these nodules show that tliey contain as much as 37 per cent, 
of barium sulphate. In the iioduh's the barium sulphate is shown by the micro- 
scope to directly envelope the grains of sand, exct'pt toward the periphery where 
rims of secondary quartz and ferric hydroxide come ])etw(.en the sulphate and the 
original grains. 

The presence of calcium tluoride. in rocks of the Mime agi‘ at Chiinmingston a 
little further to the west than the barium suljihate area was also determimsl by 
the author in ISOd. The lluoride occurs in hinull white, often squarc-shapeil, 
patches, showing lustre-mottling dissemiuattul through llie mass of the sandstone. 
Sometimes it occurs in aggregates which on section show that they are made iij) 
of cubes placed in : ■»! There are also occasional bands cemented 

throughout by calcium lluoriile, but even in these lustre-mottling shows that it 
occurs in masses of closely placed cubes. The ]>resencii of fluoride was deteniiined 
by obtaining a copious precipitate* of gelatinous silica on healing tin* powdered 
sandstone with strong .sulphuric acid an<l ])as.siiig the evolved gas into water. As 
much as 25*88 per cent, of calcium lluoride was obtained ]>y analysing an aMTuge 
specimen of the sandstone in detail. Tin* microsco])e shows the presence ot a 
colourless isotropic .subatain*e din‘ctly enveloping the sand grains. Towuirds the 
periphery, as in the case of tlie barium sulphate nodules, secondar}" ({Uiirtz rims 
and ferric liydroxide arc occasionalh .seen to come hetwei'ii the lluoride and the 
original grains. 

The author disputes the t‘xplanatiou of IVofesMir Clowt's as regards the 
raison (THvo of the barium sulpliale, the pre.sence of which has hemi inscribed by him 
to the double decomposition of barium chloride - which he finds ]>rcsent in some 
of the local deep well wati'rs — by the .soluble sulphates of the infiltrating waters. 
On the contrary, the presence of both barium sulphate and calcium lluoride is 
ascribed to the contJentration of tin* waters of an inland lake from which these 
substances if present — and both of them an* pn*seiit in .seawati*!* — would naturally 
be deposited in the order of tlioir insolubility as conci‘nt ration went on. Tlio 
presence of beds of common .salt in the Kiiglish Trias presuppoM'.s the »*\islence of 
such a salt-impregnated laki* over the soutliern ar(»a, aud the same coiidition.s may 
be reasonably extended to tin* lilgin area during the same g(*ological ])eriod. 


4. Tho J\'l)hlr-hanf/ o/' fhr Trutstiiul its Wiinl-irorn PMfrs. 

lUf W>r. Maokii:, J/.J., 

The Cutties Hillock pebble-hand, which has liguicd l.irgelv iii the dasciissioii 
of the succession of the hhgin .saiidstone.s, is not, as has generally ln'cii contended, 
a pure localism. Two new opoiiing.s into tlio Trias-sic rocks of tlic area show that 
it i.s present at five widely separated points. Its cliaraclcrs are constant in all. 
There is evidence that it is basal in po.sitioii in the Ti’iassic formation, and taking 
it as a datum line one i.« enabled to li\ tlie. relation of the Triassic to tin* under- 
lying U.O.li. rocks with .some certainty. It shows that tin* former overlie the 
truncated edges nf the latter beds in a thin cake, wliicli is prohalily iiowli(*i*e more 
than 100 feet in thickness on a surface slightly inclined ujiwards from the south- 
east to the north-w’-e.st, whil(! the U.O.ll. rocks steadily dip at almost constant 
angles in the opposite direction. Other facts definitely a.scertaiiied are, that tho 
two series of rocks wlierever they occur in proximity invariably show marked 
discordance of dip and strike, and that the Cutties Hillock area is detached from 
the other local areas of Triassic rocks, Tl^.O.K. rocks having been traced all round 
it, and quite a mile intervening between it and the Spynie and Findrassie area to 
the north-west, in which interval U.O.li. rocks with discordant dip and strike 
also appear. 

Another interest attaches to the pebble-band in that its pebbles, which arc all 
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hut exclusively of quartz, quartzite, vein quartz, and chert, eliow unmistakable 
(*vi(l(*nco of saiul-hlast action. 

‘ Pyramidal pebbles ’ arc common, ■with surfaces showing different degrees of 
})olishing. Some of them even present strongly concave surfaces and liner depres- 
sions bt'uuti fully ])olishod. A considiirahle niimbt?r show * flaking ’ of their edges, 
and tin*, surfaces so formed liave. suhsequenlly hetm subjected to different degrees of 
polishing. ^Phe cln*rts are beautifully frrtted, and (*xhibit in perfection the results 
of dilhu’e.utial etching. 

Inquiries as to definite orientation of the', more polished surfaces of the pebbles 
have hitherto failed to ^’i<*ld results. The author believes that no such definitei 
orhmtation obtains, and is of opinion that the pebbles had been subjected to con- 
tinued sand-blast action in Hom<i other locality, and were suddenly and forcibly 
transferred by th»i action of water to tludr presimt iiosition, where many of them 
were again subjected to further sand-blast action. 

The result of the oxainination of the pebbles supports the author'H contention, 
based on tin* microscojneal character of their constituent sand-grains, that the 
(Cutties Hillock samlstones are really Triassic sand-dunes. Other reasons for 
arriving at the same conclusion are : the ptnuiliar undulating bedding of the sand- 
stones, diflerences in the mode of oecnrreiice us well ns ontological differences of 
the fossils from what obtain in the adjoining areas. 

In the case of the other local Triassic areas fleposition in water is assumed, 
thougli the debris had evidently in some cases for a long time ])reviou8ly been sub- 
jected to wind action on a hind surface. 


5. 77o: Ornirri HO' of CovrHifr in AKsoriftfto}i> }f'Uh Malnchifr hi fhc Sand* 
sfime if A'^alru, Jij W. jVlArKiK, M,D, 

In a \ein or lissure of about IJ inch width in Kingsteps (Quarry, Nairn, tho 
samlstoue is found to ho impregnated with copper ore. The vein shows an indigo 
coloured centre of about ^ inch in widtli W’dered by green iniirjius of about 
the same dimension. Analyses of the different parts gave n ** nil. which show 
that the copper oro e.\ists in the centre of the vein, eh icily in the form of the 
inonosiilphido and mostly in the form of malachite at the margins. The, 

fornu*r, which is the mineral eovellite, is apparently ni*w to Scotland, as no montioii 
is made of it in U odd le’s ‘ Mineralogy of .Scotland.’ Nairnshire must also 
reeoi’ded ns a new locality for maluehite. 


(i. Thf‘ (ffhr Ado via! Hold of tho /{ildonan Flcld^ SatJu rlawL 

7i//d. JMau’olm AIaclahkn, JLSc, 

In this tirld trohl is practically confined to the small area drained by the 
Kihlonan, Suisgill, and Kinhrace streams, all tributaries of the Ullie or Helms- 
dale. ’Phe rocks of thi.s area are granites and quartz-, llaser mica-, and gvanulilic 
hiotitt**schists. The lines of demarcation between the various schists are at all 
times dilliciilt to trace, since the wliole countrysido is covered 'witli a thick 
dej>osit <»f the Hlncial Drift. Imuo tlakes of gold have been found in many places 
ill llu^ Hlaeial Drift, su]»porliug the iiifenmce that alluvial gold is more or less 
dispersed throughout. It is only in alluvium resulting from tin* actiou of the, 
])resuut watercourses that concontratiou of the Drift has been carried to such an 
exU'ut as to attract commi'rcial attention. The gold itself is fouxul in nuggets 
and scales, the largest of the former weighing '2 oz. 17 grains. The scales pre- 
sent little (‘viileiice of rounding due to attrition or rolling friction. Veins of 
‘eleair (juartz have been found in the upper wattu’S of the Kildonan, One of 
thesis veins on analysis yielded gold. 'Phe writer concludes that the alluvial 
gold has Ix'eii deriied from the white (piartz veins of the local schists (which are 
almost ct'rtainly metamorphosed sediments, possibly originally contaiuing alluvial 
gold). The senists were crossed by glaciers travelling in a general south-easterly 
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direction, rudely disposing tHe comminuted auriferous quartz in * loads ' in tHo 
Drift. The present streams, cutting across the Drift, have more or loss concen- 
trated the gold. Profitable working of the deposit is precluded by the * burden ^ 
of large stones, by the importance of the vested interests concerned, and by the 
inclemency of the winter season. 


7. Field Notes on the hijluence of Organie Matter on the Deposition of 
Gold in Veins, By J. Malcolm Maclarex, B,Sc, 

The reducing action of organic matter on the soluble salts of gold was fairly 
established by the researches of 1 1 miry, Percy, Daintree, Sterry Hunt, and New- 
bery, and organic matter was considered for many years to be responsible for the 
great majority of the auriferous vein deposits of the world. AVith the publication 
of Skey^s researches, and his demonstration of the fact that sulphides alone are 
competent to produce complete precipitation of gold from solution, the former 
theory was almost completely abandoned. The following cases, however, which 
have come under the writer’s personal observation, admit at least of the possibility 
of precipitation by carbonaceous matter. 

The reefs of theGympie Goldfield, Queensland, underlie almost at right angles 
across the dip of the bedded greywackes, shales, sandstones, and limestones in 
which they are situated ; but it is only where highly carbonaceous shales (the 
‘ First,’ ‘ Second,’ ^ Third,’ and ‘ Phomix ’ ‘ slates’ of the miner) are intersected by 
quartz reefs that the. latter are auriferous. The carbonaceous shales are certainly 
pvritous ; but so also are the overlving and underlying beds in which the veins 
are barren. 

The ('roydon Goldfield, >^orth (}iu*ensland, is in an area of metamorphic 
granite, coiitaiiiii:,. much graphite. The reefs are more or less enclosed within 
walls of kaoiluic matter highly charged with graphite, AVhere graphite is most 
abundant have been the richest auriferous deposits. On the other hand, broadly 
speaking, the presence of pyrites in a Croydon reef indicates poverty of content, 
and is considered as an unfavourable indication bv miners. 

The indicators’ of the llallarat (roldfield, Victoria, n re thin beds of dark- 
coloured shales and slates, formed of a carbonaceous mud and containing a con- 
siderable percentage of iron pyrites; The main * indicator ’ has been followed witli 
few breaks for a distance of eight miles. The most profitable quartz reefs cross 
the ‘ indicators’ almost at right angles, and the great hulk of tlie gold is found 
where the quartz reef has cros.sed and slightly faulted the indicator,’ little gold 
being found at a greater distance than a yard from the intcr>ection. 


8. The Bonree of Warp in the Ilamher, 

By W. ir. WiiEELEK, M.Ins(,G,E. 

It has frequently been stated that the mud or warp in suspension in the 
Humber is derived from the erosion of the cliffs on the Yorkshirf' coast, and the 
object of the paper is to show that it is physically impossible for the detritus 
eroded from those clifi’s to he carried into the Humber, and that the mati'rial in 
suspension in tlie water is derived from detritus washed olfthe land drained by 
the Humber and its tributaries or eroded from their banks. 

The drainage basin of the Humber covers 10,500 square mile.s, and embraces 
strata of various kinds of rocks, including estuarine deposits, glacial drifts, chalk, 
sandalone, and oolites. 

The water ill the zone eviriidingr around the. junction of the Trent and the 
Oupo "with the Humber, l■v'^"ndiIIJ■ over a length of thirty-five miles, is very 
highly charged with solid matter in suspension, the maximum quantity being 
attained in the summer, when the downward flow of the fri*sli water is at a 
minimum, the quantity then in suspension amounting to as much as 2,‘240 grains, 
or nearly the third in a cubic foot of water. Above and below this zone the 
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quantity dimini&lios to pfraiiis up the river Trent and 202 grains near the 
Albert Dock at Hull, while oft* 8purn, at the entrance to the river, there is no mud 
in suspension, hut only a few grains of clean sand. The ftoor of the North Sea at 
the entrance is covered with clean sand and shells, the beach up to Grimsby also 
being covered with sand. 

The solid matter in suspension is derived from lb(‘ detritus washed oft* the land 
and poured into the ri\er when freshets occur, or from the erosion of the banks 
of th(j river and its tributaries. The greater quantity that prevails in the more 
turbid zone is due to the material being kept in a state of oscillation by the ebb 
and flow of the tides when the quantity of fresh water flowing down is not suf- 
licient to carry it out to sea. 

^J’lie average quantity of solid matter contained in thirteen other English rivers 
when in flood is 200 grains in a cubic foot. "J'iie average rainfall within the 
watershed of the Humber is 20*00 inches, of which 10 inches may be taken as the 
quantity due to such rains as produce freshets. With these figures the normal 
total rpuintity of solid matter j)laced in suspension in floods may be put at three 
million tons in a year, A portion of this is carried out to sea in heavy freshets 
and the rest remains in the river in a state of oscillation. 

The tendency in all rivers, whether fresh or tidal, is for material to work down- 
ward under the laws of gravity. The same quantify of tidal wafer that flows into 
the riv(‘r has to flow out again, hut its capacity for transporting material down- 
W’ards is reinforced by the discharge of the fresh water. 

The flood current in the Humber runs at the rate of four miles an hour, and 
Its duration varies frf)ni six hours at Spurn to two and a half at Goole. It may 
be taken, therefore, that a partieh* of wdid mutter entering the Humber at Spurn 
Point would not be carried by the flood tide more than 20 miles up the river, or 
2o miles below tin* point wluTe the greate‘‘t amount of solid matter is held in 
suspension. On tlie turn of the tidi* it would he carried back again. 

Allowing ior the gn'ater time the ebb current is ruiiniug above the junction of 
the rivers, as compared with the flood, the material carried down on’ the ebb is 
7o per cent, greater than that carried up on the flood. 

Taking the, lengtli of the lloldemess (’lifts a-® I >4 miles, the average height at 
12 yards, and tlie mean aimnal loss at 2^ yards, the mean quantity falling on the 
beach is about 1*J million cubic yards a year, of which about 40 per cent, consists 
<»f 8t(mos. gravel, and coarse sand, leaving less than a million cubic ;^ards to be 
washed away. The foot of the cliifs is only reached for about four luairs at high 
water of springs, that is, by 200 tides in a year, the average quantity of alluvial 
matter for each tide being 0,728 cubic yaids. 

The drift of tlu* tidal current towards the Humber lasts hours, and runs at a 
vehudty of 2.] miles an lionr ; the gn'atest distance a ]>articU* of solid matter put in 
suspeiisifin ait the ])oint of mean distance, 20 mih*s from tlie Humber, could be 
carried southward is 8'J miles; when this distance is reached the tid(* w'ould turn 
and the particle would be carried nortlnvard for 10 miles, or 28 miles aw’ay from 
the 11 umber. 

It is, however, quite improbable that a particle of matter i»laced in suspension 
at the foot of the dills could ever reach the main current going to the Humber. 
Owning to the Yorksliin’ coast being in an embayment the main tidal current does 
not approach m‘amr tho coast than the 0- fat horn line, or a mile away from the 
coast, 'riie current of the ilowing tide sets into the embayment towards the coast, 
l^ven if a particle from the cliffs could oAorcomo this shorewanl set and traverse 
the water contained in this mile of water in an opposite direction, so ns to he 
hrouglit into tlu^ main southerly-going current, the quantity of solid matter 
brought into suspension would onlV be sufliciont tosu])ply one grain to 14,000 cubic 
feet of Avater. 

It is (wideiit from llu‘ above facts that it is not possible for the detritus fiom 
the Yorkshire coast to reach, much more to be carried up, tho Humber. 
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0. On (he ^illeratiom of the Lias Shah hi/ ihr. Whin Dykn of (imit 
Aylon, in Y m'kahlre, ^// Gkouuk Ijaukow. 

[Commimiciitcd by pcrmis'^ioii c»f the Director of the (biological iSurvoy J 

The examination of llio least altered portion of llie rocks of tin* llinlilainl 
series in tin' area Iwtwoeii Dl.iii’L'ow rie (Hriilge of (billy) and Sloncluiven has 
shoAvn that tho grits aro composed of practically nnaltert‘d grains or small po])hli*s 
of quartz and oligoclase felspar set in a matrix of an nnnsiiul character, and 
ditlicult to understand, ns all traciis of clastic micas have Ix'on obliterated from 
it. It occurred to the author that this was due to lieat action, and to test t Ids 
point slices of hukt'd Lias shale were prepaiY<l, thi' .specimens being taken from 
the edge of tho well-known ('’levidaiul Dyke at (Ireat Axton. At, six inches 
from the edge of the dyke the elastic micas are large aiul ahnndani , but at the 
contact they art* eutirc'ly digi*stod, and material likt* the matrix of tin* fligldand 
grit is produced. The, miiiult) ])ebbh*s art*, not atfeeted in any ’way, and rt'taiii 
their original form, size, and ttpLical properlit's. It is thus shown that in 
entering the Higlilaiid area we hegiu with rocks which, tlioiigli little altered, owe 
that alteration entirt'ly tc^ lu‘at action. 


10. On Cainif/onns Uy K If. Cuxxini;jiam (.’hah;, 

'Phe search for the^^e cry.stals was formerly a \ery ]m)litahle industry in the 
districts eontiguous to the groat grauitt* masses, but it has now been ]>ractically 
abandoned. The cairngorms were obtained by digging shallow pits and trenches 
in the decom|5ose(l granite and debris which CiivtuM most ofthe flat hill-fops, and also 
appears in many of the corries. The jiresenet* of vein -ipi art/, nmseovite, large crystals 
of orthocia.se and graphic intergrowths of quartz and felspar in the loose (lebris have 
been recognised as indications of the existence (d* tin* cairngorm-hearing veins. 
E.xaminati(m of the clitr.se( tions in tin* deep corries rf{V(»als tin* prest*ni‘»> of \ertical 
or highly inclined veins of tine granite intruded in the coarser surrounding rock. 
Th(*.so veins are more, acid than the normal granite, and contain dru^v l entral zones 
ill which the crystallisation is coarw*. Thest*. central /.oih‘8 are charaeteviH(*d by 
the pre3i*nce of graphic intcrgruwths, niu.sco\ite plates, and, where tlio druses are 
sufficiently large, idioraorphic crystals of orthoclase and mon* or les« smoky ({nart/. 

Deryl is also pre.sont in some cases. 

These idiomorphic quartze.s are the cairngorms, hut are only valuable when 
largo and w'ell coloured. 

The veins probably represent the intrusion of more liigbly ditrorenti{it*'d 
material from tlio underlying magma into fissures due to e«)ntraefioii on cooling, 
while the druses have probably a similar origin, and Im^e been tilled with bighl\ 
acid solutions from which the crystallisation took phict*. 


11. On fhe CircuJaiiott of Saif amf 'ils (Imfoyirn/ Ihin'lnyfi} 

Jly William A(MfHOYD, PithUr Avah/nffor Halifax. 

During storms salt is driven from flic sea far on to the land, is dissolved hy 
rains and carried hack to the sea ; in calm times the phenomenon is also in progress. 
Various computations have been made of the amount of salt depositi*d on the land 
in thi.s manner from lb. per acre per year at Uot.hamsted to (Ml lb. at, 

l*ennicuick. The writer estimates that during 1000 ltM)l theiv was lb. ih ‘1 
acre per year deposited on the Pennine. Hills, ne.arly midway betw'eeii the Irish Sea 
and the German Ocean, at an altitude of over 1,000 feel .above sea-level. 

It is shown that for the Millstone Grit and the limestone district .s of York-shire, 

’ Published in full in the (tcolagival MagaAnc, Decembei 1, \ol. viii. p. I l.'i, 
October 11)01. 

* Ackroyd, ‘ llescarches on Moorland Wateis,* I’t.TI., Journ. Chcin. Stc , vol. xxix. 
p. 674. 
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as well an for a bolt of American coast sonici 200 miles broad, this cyclic sea-salt 
forms fully 00 per cent, of what, is carried to the seas by the rivers. Professor 
Joly, in his estimate of the nj^e of the earth, only allows 10 per cent. 

A study of tli(i phenuiuenoii is also of ini])or1ance in attempts to apportion the 
causes of the saltness of inland lakes and salt hills, which may he duo to : (1) salt 
transported from a contera])()rary sea, or (2) salt derived from solvent denudation, 
or (.*5) to varyinfr de^j^reesof these two inlluonces. lleasons are priven for regarding? 
the saltness of the Head Sea as hoiiiff Inrf'ely due to the first cauH', and of the 
(hispinn to the aecoml. 


12. Noh'fi (Hi. thr Ocen rrv)h'(‘ P/ioapIittflc Nodalr and Pl( 0 .sphnff'-ht arinr/ 
Jtoi'Ii la f}a* Upi^rr Ca rhnnljrrou''' lAiiif'ston.p ( Yorfdalr) SpriPH af fitp 
lYrs/, li Iff! iff/ (if Vorl, shirr mid Wrstmorland Jiordnr, 7>//JoiJX IIjiodks, 
of ihv itrohnjlcid Surn ij. 

liv kind ])t*niii^.''itui of the Hriiish Association Committee on Carboniferous 
/ones I am onahled to amioiiiie** tlu* di'‘C(»very of ph(»8]>hatn* nodules and of a rock 
ha^ing a pliosnliatie in the Yoivdale rocks of the following localities: — 

Vhasp/iafic yntfa/rs, Far (iilf JaH Sla^n' of Sicarfh lu‘lf ]Veiiluiovl(unL 

I’licife iHslides occur along with iron.' tone 'Jcptaria in him* shale.s which re's! on 
the top siliciou.^ h“ds of the Cndersot Liinestom*. 

The nodules an* conliiiod to the, lo^ver .‘i feel of the shales, and are more 
numerous in the lower half than in the up]M*r half. 

In same gill, and n*Miiig on tluj chert of tie* Litth* JAmestoue, iluTeis u layer, 
.*> inches in thickness, coiitainiiig phosphatic, nodules emheihled in a tin** elayey 
matrix. It \> spriidrled tlirougliout with glauconite grains and angidar chips of 
((uartz, and is overlaid hy iroiistoia* shah*'-. 

At the sunn* horizon as above, but 2] mile> to the S.H., there occurs in a gdl 
that, runs from Lamhfold Crags t»» Lunds C'hurch, 2 miles W. of X. of Hawes 
Junction, a layer of rock, 1) inches in thu'km*ss, with a ]»hosphatic matrix 
throughout. 'Hiis layer, which has a crust of brown iron on*, is rich in glauconite 
hinl (|uurt/. grains, ami also contains fragments ofeonodonts, &c. 


I'/ioiiji/iofir u\o(lf//i'.s. (j(to(//unn ICasf iS/opr of Sicurth Fclf 2 ndles X.IF. 

of v< Jn/a'fioa^ ) orA '•///Vc. 

The ])hosph!ilic nodules at this localitv occur throughout a liine.*'lone \yhich 
\ aries in thicKuess from .‘I to (5 iiiclu's. This layei is uiidcrlnid and overlaid by 
shale in more or less rolttui condition. 

The horizon is doubtful, but it appears to be about 170 feet over the Little 
Limestone. 

From the upper surface of tie* top bed of tin* th’ow Limestone, (^irtmoro Oill, 
Mast Hnngli Fell, Criadale, 2} miles W.X.W. of Hawes .Tiinction, f have obtained 
a solitary exam]ile of a ph.osphatic nodule. 

The ])hosphatic nodules and ])ho.sphntic nialrix examinetl show sponge spicules, 
but these are for the most part fragmeiitarv : stmie are of crypto-crystalliue silica, 
some ri*place(l by calcite, whilst the axial eanuls are td’teu tilled with the same 
phosphatie material as the matrix. 

The spicules are reft'rred to liexact inellid iiiul to raoiiactiuellul sponges. 

lam vt*ry much iiidehleii to Dr. O. J. lliiide hir notes ou the sponge remains, 
and also to l)r. W, Pollard for testing the plio*5phates. 
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13. Note on tlw Discovery of a SVlcified Plant Seam beneath the MilUtone 

Grit of Swarth Fell, West Riding of Yorkshire, By John Khodes, 

of the Geological Survey, 

By kind permission of the British Association Committee on Carboniferous 
Zones 1 am enabled to record the discovery of a silicified plant seam beneath the 
Millstone Grit at Swarth Fell, and two miles N.W. of llawes .Tunction. 

The exact geological position of the overlying strata is doubtful, but appa- 
rently they occupy the horizon of the grindstone or ganister of the district. 

At this particular place, however, the grindstone or ganister is absent, and its 
place is taken by ilaggy silicious limestones with marine shells and by a bed of 
liighly silicious grit with plant remains, the latter resting more or less directly on 
the silicitied plant seam. 

Chert occurs, probably ns lenticles in the uneven surface of the seam, and con- 
tains a mass of detached silicious sponge spicules, apparently rod-like bodies, which 
may belong to the anchoring ropes of hexactinellld sponges. In the same chert 
are included fragments of silicitied plant remains beautifully preserved. 

In the plant seam included pebbles of silicious grit occur, which contain a few 
spicules similar to those in the chert, and also plant remains. The ])Iant seam 
rests on a layer of silicified shale containing a few fragmentary sponge spicules, 
mostly rod-like forms, one piece belonging to an hexaclinellid sponge. The beds 
below are more or less rott^ clay shales with ironstones nodules. 

I am indebted to I)r. G. J. Iliude for notes on the sponge remains diri‘ctly 
associated with the plant seam. The plants have not been determined, but have 
been placed in the hands of U. Kidston, Ksq., Stirling. 


WEDNESDAY, 8EPTEAFBEB 18. 

The following Papers and lleporta were road : — 

1. On the Uone^heds of Pikermi, Aftim, and on Siniifar Drjw.dls I'd 
Northern Enhvea, By A. Smith Woodwaud, LL.D,, FJLS. 

At the suggestion of the British Minister at Athon.s, Sir Kdwin 11. lOgorton, 
K.C.B., the Trustees of the Briti.sh Musfum recently undertook a series of exca- 
vations in the well-known bone-beds of Pikermi in Attica, and I was honoured by 
being entrusted with the supervision of the work. The owner of tin* estate, Mr. 
Alexander Skouses, former Minister of War, most cordijilly awSaenU*d, and gave 
every possible facility for the und(*rtaking ; while Sir Kdwin Fgerton s unflagging 
interest and zeal combined to ensure the greale.st success. My wife and 1 went 
into residence at the farm early in April, and wo continued to occupy the .simple 
but comfortable room which Mr, Skouses had kindly ])laced at our disposal until 
the cessation of digging in the middle of July. 

During much of the lime we were accompanied by Dr. Theodore Skouphop, 
Conservator of the Gpologic.al Museum of the lTni\er.sily of Athens, which claims 
some share of the results of all such Pxca^aiiolls made in Gm’ce. We have to 
thank him for much help in dealing wdth the workmen, who .spoke only a language 
with which I was at first unfamiliar. 

The bones are occasionally expo.MRd by tlie small .stream in the ravine of 
Pikermi, and they .seem to have b’-en first oh.Sf‘rvf*d by the Engli.sh areli i 
George Finlay, who presented some to tlm Atiieii.s Museum in 180r). Three vears 
later a Bavarian soldier took a few specimens to Munich, wliore J’ikcrnii and its 
fo.^il8 were first brought to the notice of the scientific world by Profes.sor Andreas 
Wagner. Within the next decade more bones were sent to Munich by Liiider- 
mayer and described by Wagner ; while during the winter of 1862-63 llie young 
Bavarian naturalist lioth made the great collection tvhich was described by 
himself and AVagner in 1854, and still constitutes one of the chief treasures of the 
Munich Old Academy. About the same time Choeretis presented a few specimens 



TRANSACTIONS OF SECTION C/ 


657 


to the Paris Museum ; while the late Professor Mitzopoulos — uncle of the present 
distinpruished lleclor of the University of Athens — made a valuable and extensive 
collection for the Athens Museum, which seems to have remained unnoticed until 
1883, when the late Professor Dames, of Ilerlin, studied it and wrote a brief 
account of some unique specimens contained in it. By far the most important exca- 
vations hitherto made at Pikermi, however, are those which were undertaken by 
Professor Albert Gaudry, under the auspices of the Paris Academy of Sciences, 
between 1856 and 18(10. These researches made known nearly all the essential 
facts concerning the extinct mammalian fauna entombed in the Pikermi formation, 
and led to several brilliant »■ : ■ • first published in Professor Gaudry’s 

well-known work on the geo. i : of Attica in 18G2. During the last 

forty years only i'l-i/Mii'ir.i! ' diggings have been attempted, among them being those 
of the late Professors ^euiiiayr, of Menna, and Dames, of Berlin. 

Owing to the permanent mark left by former excavations it was easy to choose 
sites for the new explorations of the British Museum. Tliree pits dug in continua- 
tion of former workings soon yielded bones, and eventually furnished a very 
extensive collection. Two trial pits at other points and in slightly ditlerent 
horizons produced nothing except two decayed boi!i*-fnigniMil« Water still 
occurs even in dry weather a little beneath the bed of the stream ; but the 
diilicultirfs from this source are now much less than formerly owing to Mr. Skoiis^s’ 
system of irrigation, hv which the llowing stream of the ravine is usually diverted 
at a point high up in its course. 

The Pikermi formation has already been well described by Professor Gaudry. 
It consists chieily of red marl, varied with lenticular masses of rounded pebbles and 
occasional yellowish sandy layers. Some of the pebble-beds are cemented into 
hard congloraerab'. 'Phe materials are such as might have been derived from the 
mountain mass of Pentelicon, w’hich forms the neighbouring high ground, the 
marl itself being apparently the detritus of marble or other cMcareous rock. The 
formation is of great extent in Attica, and has only attracted special notice at 
Pikermi because a stream happens to have cut a deep ravine through it and 
exposed fine sections of the beds. 

As already observed by Professor Gaudry, the bones at Pikermi occur in two 
definite horizons, those in the lower bed being less fragile and better preserved 
than those in the upper bed. In two of our new pits, "where the upper horizon is 
well exposed, it is subdivided into two distinct layers by a nearly barren deposit of 
marl from 30 to 45 cm. in thickness. The rotten nature of the bones is partly due 
to their having been close to or at the surface and eroded by the present stream 
before being covi*red by the than' or four metres of superficial gravel which now 
preserves tliein. The hones are also broken by the penetrating rootlets of trees. 
The lower horizon is at a df'pth var\ing from one to two metres below the upper 
horizon, and thus secure from destruction by surface agencies. Ifike each olSho 
two upper bone beds, it is rarely more than 30 cm. in thickness; while the marl 
above and below it is almost destitute of bones, rarely yielding more than rotten 
fragments, but quite prolific in scattered land and fresh-water shells. The deepest 
excavations beneath the lower bone-lH'd di'sceiided for about three and a half 
metres and furnished the bone-fragments and shells throughout. 

So far as can be judged at present from the new excavations, the three hone- 
beds of Pikermi are all of the same nature and contain the same mammalian 
remains. The bt»nea are massed together in inextricable confusion, and are often 
mixed with a few pebbles. Large and small bones, whole spt»cimens and splintered 
fragments, all occur together ; but the small lK)nes are usually most numerous at 
the bottom of the layer. Several specimens of approximately the same shape 
and size are often met with in groups, as if they had been sorted by water in 
motion. On one occasion, for example, the scattered remains of many gazelles 
were found together; in another spot there were several skulls of Tragoceras 
in one mass; in other cases nearly all the bones belonged to limbs of 
llippanon ; while one area was specially characterised by pieces of vertebral 
column of ruminants and Hipparion, The elongated bones and elongated groups^ 
however, wore never observed to trend in one definite direction, but were always 
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disposed quite irregularly, thus indicating that in the region where the bones 
eventually accumulated the water by which they had been transported either 
became still or moved only in gentle eddies. 

Very few nearly complete skeletons occur, and even when chains of vertebrie 
are preserved most of the ribs are lacking. 1'Jio only approximately complete 
skeletons observed during the rt»cent excavations were those of some Carnivora 
{Ictithenum, AlefarctoSf and Mac/teprodits)* It is, however, obvious that many of 
the bones were still held together by ligaments at the time when llu»v wew' 
buried, for numerous complete feet and nearly complett* limbs are found with all 
the bones in their natural position. It is also to be noted that in most cases these 
limbs are sharply bent, so that the two or three segments are almost parallel, as if 
they had retained the contraction assumed at death. Some decomposition of the 
soft parts had already taken place even in these instances; for a few of the 
phalanges of the hipparions and ruminants are often wanting when the other bones 
of the limb are still in their natural association. While the phalanges of tlio 
rhinoceros-feet seem to be always lost, though the three associated metapodials tire 
quite common. Similarly, the loosely articulated maiidiblo of the IJiigulata is 
nearly always I’emoved from the skull ; it is only commonly preserved in pltice in 
the Carnivora and Quadrumaiia. 

The majority of the bones are quite isolated, and most of the skulls of the 
antelopes are so much broken that only tlu' frontlets with horn-cort*s rt'Uiain. A 
large proportion of the limb-bones are also sharply fractured, some having 
completely lost both extremities ; and small pointed splinters of bone- apparently 
most of Mtnoceros — are often very numerous. Sonuj of the breaking must have 
taken place before the soft ])arts had entirely decayed, as is shown by certain feet 
of EMnoceros and many limbs of Hippnrion and antelopes. In a few cases I 
found the three associated metapodials of Ithino^ernut with the distal ends as 
sharply removed as if they had been cut off with oni‘ blow of a hatcliet. In 
several instances I carefully e.Xtracted the nearly complete hind limbs of 
Hip 2 ',(irwn from tlje soft marl, and in all except one I found that the tibia i»nded 
abruptly in a sharp, obliq^uo fracture at its middle, with no trace of the proximal 
end of this bone or ot the femur. Moreover, nearly all the isolated tibias 
of Ilippariwi were similarly fractured; while anuing about iiftv examples of 
humerus of the same animal only threi* compleit* spei'imens were founa, all the 
others being sharply broken at the weakest point of llu^ shaft. It is therefon* 
evident that the limbs were often torn from the trunk by a slinr]) break at their 
weakest point before the decomposition of the soft parts had procee<lo(l far enough 
to destroy the ligaments. 

The now researches make scarcely any additions to the known fauna of tlu‘ 
Pikermi bone-beds, and confirm Professor Caudry’s statement that tlie smaller 
rodents, insectivores, and bats are ab.sent. The only striking di8co\ory eonsist.s 
in fragmentary evidence of a gigantic tortoise, at least os large as tlif* largest 
hitherto found in Europe. Many specimens, howevi»r, afford important, new 
information concerning the species already dewTibed. Notable among thes(» are a 
few portions of skull and a mandible of a skull of Saiwdheriujn, a skull 

of Hystri.v prvm'geiiia, and the greater part of a skeleton of Met arc ton. Remains 
of llipparion are the most abundant fos.sils, and the lu'w series of specimens 
illustrates variations and growth-stages more sati.sfactorily than any collection 
hitherto made. Isolated bones and skulls of IViinoccvos are also common ; and 
antelope-remains occur everywhere in gr<*at profusion. Limb-hones of (liralfidm 
are found abundantly in the lower bone-bed. Mastodon is rarer ; but two small 
skulls were obtained from tho new excavations, and sevi'ral very largo limb-hones 
were found. Among Carnivora Ictithorium is the commonest form ; but ri^mains 
of Hyama are not infrequent, and evidence of four individuals of Maohrrrodvs was 
discovered during the present diggings. C’oprolitos of somo hone-feeding 
Carnivore, probably aLi) occur. Skulls and other portions of Mp^opithccas 

are frequently met with, Tb.e shells of the small TtMvdo mm*morum are some- 
times complete^ but always lack the skull and other bones of the skeleton. Tho 
Chelonian shells themselves ate, indeed, more frequently broken and : 
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and a large proportion of the bone fragments discovered between and below the 
bone-beds are recognisable as pieces of them. It is noteworthy that a good 
specimen of Toatudo marmonim was found in the marl between the upper and 
lower bone-beds in one pit; and a small imdotermined snake was discovered in 
ii similar position in another j)it. 

AVliile the excavation of thes<' fossils w^as in i>rogvess at Pikermi, ^Ir. Frank Noel, 
of Achmet Aga in Northern I0uh<ea, iici'ompunied Sn* VMwiii Fgerton on one of 
his visits. He recognised that the Pikermi marls were similar to some containing 
fossil bones on his own (‘State. He also perceived the identity of the remains of 
Jlippunott lit Pik(*rnii with the commoni'st fossil bone »s with whirli he was familiar 
at Achmet Aga. Many years ago he had s(»nt soiikj of tliese bones to tlie Athens 
Mnsoiim, but they seem to liave been lost and had never received any attention 
from the Grciek natnrnlists. H(» therefore invited tin* Hritish Museum to examine 
the discovery on his estate and d4‘cide whetln*!* or not the (‘xtiiict Pikermi fauna 
was then* re])r(*seiited. 

A brief A i si 1 to tin* locality where the hones otriir, near Achmet Aga, snlllced 
locontinu Mr. Noids ant icipat ions, 'i'he interesting spot is in a deep ravine on the 
steep slo]a' just bi’lnw the ^illage of Drazi at an elevation of nearly 200 metres 
above the sea level. The torri'nt has cut through a thick deposit of red indurati*d 
marl much liki* that of Pik(*rmi, ainl bones are notic(‘nbh* in thi* section at many 
points. 'J'liref! days* digging at one plar»j reveah'd tw(> bone-beds separated by a 
thin layer of nmri. Tlie ixmes seem to In* as abundant and varied as those at 
Pik(*rmi, and they exhibit exactly tin* same features, llipparion is again tin* 
commonest fossil, and mingled with the coiii]>h*t(* hoin's are spllnferi‘d fragments 
Tjand and iVesh-water shells also occur in great ahundriiice, es])ecially a species ot 
Vlamvbh, 

Nt*arly all tlie boi\t‘s dlscoxored during this bri(‘f visit wen* t(^o rotten for 
preserMition ; but tin* xveatlu'n'd face* of the section aioin* xvas explored, and the 
fossils xvould doubtless he found in goo(| condition fiirtlmr inward**. Among them 
could h(* recognised, besides the iiimim(‘rahle remains of Ilippanuny parts of a 
skull and tibia of If/ilnoreruK, a frontl(*t of (ru-ulUt /trrvivorntK, jaws of a small 
ruminant, a large ruminant meta]iodial (probably tSimndfierium^y part of a skull 
and maiidibk* of Ictithn'ivmj and some small carnivon* vevtc'brse. I’here W'tts also 
part of the skull of a small species of Onp'ta'uftm, which 1 xvas able to preserx’e 
and bring for comparison xvilh tin* skull of tin* same genus from Samos now in the 
Jlritlsh Alns»’iim. 

h'rom these observations it is ovidmil that the Pikermi bone-beds nr(' not merely 
a local accident., but Jirt* due to .some xvidespr»‘ad phenomena. The two localities 
describ(*(l are about sixty miles apart, and se(*m to be situated in two distinct 'IVrtiary 
basins separat(»d by a biirrit*!* ol (Vetaceous lime«loii(‘s and earlier rocks. What- 
(‘ver the catastro]»he may havi* be(*n by xvhich tlm animals were sudd3Dly 
destroyed, it clearly ]ia])ponod in both places at least txvice if not llirej* times 
xvitliin a comparatively short p«*riod. Tlio )»ow(‘rfnl force which broke up and 
transported t la* bo(li(»s !)efore th(*y had complot(*ly decomposed xvas probably the 
^am(^ in each cast*; xvhih* llu* final re.stiiig place of the bo!U‘s b«>lh at Piki'rmi and 
Drazi must ha\(* bt*en bt'iieath comparatixndy tranquil xvat(*r x\h»*re they eoidd lx* 
(piickly hnrii'd in mud. The absence of all trace of xeg(*tal)h* mattt'i* is curious; 
hut tin* mo.st plansihk* ex])lanali()n of tin* broken limbs and lorn portions of trunks 
set'in.s to be that tin*, bodies xx’t're hurri(*d by torrential floods through tliickets or 
tree-obstructed wat(*rcoiirses befon* they reached the lakes in xvhich tln*y finally 
restinl. Act'omjai living stones in rapid motion may account, for some of the bone- 
fragments. 

2. Thti Faynm Doprrftawn : A Proruninary Notice of the. (ieolotjy of a 
Disfriet hi, Kfpjpf containing a New Palaotjene Vertchrate Fauna. 

d. Ji. P>KAONKTJi, F.G.S.j F.RJhS,^ of the. (u'ohHfiml Survey 

'rini h’ayuin is a lavgt* circular di‘pres3ion in the liibynn Desert, some fifty 
mill's south-xvesl of Cairo, 'fhe lower jiart — an area of somt* 1,500 square 
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kilometres — is occupied by a larp;e lake, the llirket el Qurun, and an inhabited 
cultivated district, irrigated by a canal, entering the depression from the Nile 
Valley. This central part is surrounded by an arid desert, rising by a series of 
escarpments to varying heights, tliose on the north side attaining an elevation of 
400 metres above the lowest part of the depression. The depression is cut out. in 
rocks of Eocene and Oligocene age, but. within the hollow still younger deposits, 
of Pliocene and Post-Pliocene date, are found. 

The lowest beds exposed in the deprc'isioa are the clays, marls, and limestones 
with Nmnynnlitea f/ize/ienm of Middle Eocene age. These are sueceodod by a 
group of marly limestones and gypseous clays which largely umlerlie tin* 
cultivated alluvium of the Fayiiin. The latter are followed by a series consisting 
of clays, sandstones, and calcareous grits, some bods of which are <*haract(‘rised 
by the abundance of Operct/Ima and small lumimulites. 'fliis last group is 
followed by the uppermost Eocene marine beds, an alternating series of clays, 
sandstones, and limestones, the ‘ CaroUa beds ’ (equiv'ah'nt to the upper 
Mokattam of dairo), characterised by an abundant invert (*brate and vertebrate 
fauna. 

Above the Carolia beds, and well marked off from them botlili:!: iVv 

and paloDontologically, is found a great thickness of variegated iluvio-marine 
sands, sandstones, clays, and marls, divided near the summit by one or more 
intercalated lava sheets. 

The beds above the basalt are certainly of Oligocene ago, and prrdmbly a large 
part of those below; but the basal bads appear to represent the Tipper I^oceiie, 
there being evidently a perfectly gradual transition from Eocene to Oligocene iii 
this area. 

During a survey of the area in 189S the author found tliat certain strata of the 
series were veritable * bone beds,’ being crowded in pliccs with the remains of 
crocodiles, ribs of cetaceans, fish hones, and coprolites. 

In May 1901 he returned to the district with the special object of re-examining 
and more carefully searcliing the most promising beds, and on this expedition 
he was accompanied by Dr. C. W, Andrews, of the British Mu.*oum (Natural 
History). On their return journey to Oairo they were most fortunate in crossing 
the Eocene escarpments at a x^oint where a considerable number of marine and 
terrestrial vertebrate remains lay (.‘xposed on the surface of the bone beds, and a 
fortnight’s careful work resulted in aa unique collection of entirely now mammals 
and reptiles. 

A preliminary description of the most interesting of these is now being 
published by Dr. Andrews in the KTeologicul Magazine,’ and Capt. Lyons intends 
to issue as soon ns iiossible a complete survey memoir on the district by the 
author, with a description of the vertebrate remains by Dr. .\ndrews. 


3. jRapoH on the Movements of Underground Waters of jV. IF. Yorkshire, 
See lleports, p. 337. 


4. On the Physical History of the Norv:egian Fjords. 

By Professor Edward Hull, J/.yf., F.G.S. 

That the Norwegian fjords were originally river-valleys is a statement which 
scarcely admits of controversy. In their form, outline, and topographical position 
they are simply prolongations of the valleys which descend into the sen partly 
submerged ; and if the land were still further submerged, as it once was to the extent 
of 200 metres according to Andr. M. Hansen, the fjords would bo prolonged 
beyond their present inland limits without much variation of form. 

The process of valley erosion by rain and river action is nowhere in Europe 
more admirably exemplified than in Western Norway, and the process may bo 
supposed to have been in operation in the early formation of the fjord channels 
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themselves before the epoch of submergence. But when we come to examine the 
form of the channels, as shown by the soundings marked on the Admiralty 
charts, we find ourselves confronted by the remarkable fact that the beds of 
the channels descend to very great depths, far exceeding those of the outlets 
where the fjords open out upon the floor of the North Sea. Now as river valleys 
must necessarily increase in depth from their sources to their outlets, we are here 
brought face to face with a physical problem which apparently is inconsistent 
with our view of the original character of these channels as stated above. To 
the solution of this problem wo must now shortly apply ourselves. 

2. Qnwmlform of tho fjord-heda . — ^Tho numerous soundings laid down on the 
Admiralty charts of 18G5 and l88t) enable ns to determine with accuracy the form 
of the submerged portions of the fjords. Using these ^ollnding<, and by their aid 
laying down the isobathic contours, we an*ive at results sufficiently remarkable. 
In the case of the Ilardanger, the Feris, the Sogne, the Nord, the Vartdals, and 
the ytor Fjords with their branches we find that shortly after passing the entrance 
from the outer sea and the chain of islands which fringes the coast of the mainland 
they rapidly descend to great depths, which are continuous for long distances 
inland, and then gradually become shallower toward the upper limits, where they 
pass into river valleys characterised by terminal moraines of ancient glaciers, or 
old sea terraces. 1 n carrying out the mapping of the contours the author has 
adopted the following soundings : — 

(1) 'J'liosc of the lUO-fatliom contour (600 feet). 

(2) „ .. 200 „ (1,200 teet). 

i'A) „ M 100 „ „ (2,400 feet). 

(4) „ „ 600 „ „ (:J.600 feet), 

The floor of the Sogin* bjord descend'^ to even greater (le])th8 than the 
last of these, Ofll fathoms (2,,t)(j(> feel), Avhich is leached in the case 
of the Sognu Fjord at a distance of about 2o miles from the entrance. At the 
entrance the depth seldom exc«*e<ls 100 fathoms (000 fe»it), and is generally less ; 
but oneo the deepwater is reached there i.s little change of level for long dislanct's. 
As regards the cro>s-scction of the princi])al fjords a glance at the charts shows 
that they retain the form of narrow channels with little variation in breadth, 
receiving tributaries on either hand and bounded by steep or precipitous walls of 
rock, as in the case of the valleys, of 'which they av.‘ only prolongations under the 
surlace of the sea. 

.*5. When ciuleavouriiig to account for tht* peculiar form of the fjords and the 
depth of their floors over the central portions wo imi'-t not forget that these old river 
valle}Nwerc the chaniK'ls of great glaciers during the rost-Pliocciic or (ilacial 
])eriod, and that glacial ero.sion has coutrihuted to the det'pening process. Some 
Norwegian geologist s, such as ITansen,* attribute to this deepening of the original 
channels hy glacier erosion on tin* one hand, and to the piling up of enormous 
ma^sos of moraine matter at the entrance on the other, the great dispatity of The 
depth of the fjords at the inner and outer stages of their course. To the latter 
caii.M* the author fully assents ; but he is doubtful whether glacier erosion has 
had the eflcct of adding many hundreds of feet to the depth of the original floor 
of tho valleys. But leaving this question, "wo have to consider a second problem : 
by what mf'ans did the original rivers empty themselves into the ocean before the 
Glacial period, v hen there was neither iloepcning of the floor by glacial erosion 
nor shullo'wing by moraiiio matter Y Previous to the Glacial epoch the rivers 
must, in the authoFs view, have entered the outer ocean through channels which 
cannot now bo clearly traced by soundings over the shallow floor of the North Sea. 
At the same time it is certain that it was hy such ohaiiiiels that they reached their 
ultimate destination in tho Arctic Ocean, because rivers as they flow seawards must 
necessarily descend to lower levels. This being so, it follows that the channels 
do actually e.xist, though they may not bo traceable by the soundings over the flow 

' Xonray^ edited by Br. Steu Konow and Karl Fischer, May 1900. Translated 
by J. G. Christie, Miss Mukf and others. 
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of the comparati^^ely shallow iSorth Soa, and wo have to consider why It is 
that they are untracoable. 

The cause appears to be closely connected with the subsequent submerp^euce in 
later or Post-Glacial times, as indicated by the raised beaches and terraces.^ 
During this epoch the glaciers had only ]mrtially disappeared or receded from th(' 
lower valleys. Great quantities of mud, baud, gravel, and boulders would be 
carried down by the streams and distributed by floating ice over the sea-bed. 
By such material the whole floor of the North Sea has been overspread to 
unknown depths, and owing to the agency of tides and currents would have Ijceii 
swept into the deep channels of the pre-existing rivers. The author is convinced 
that were it possible to strip the floor of the North St*a of its sedimentary co\er- 
ing these channels would be found travt'rsing the lioor of the continental platform, 
and ultimately opening out by cahon-llke channels on the floor of the Arctic Ocean. 

The phenomena here observed, or inferred, liave their represoiitativos along thi‘ 
coasts of the British Isles and Western Europe. In both cases there is the 
shallow continental platform, terminating in a deep and rapid descent to the 
floor of the abyssal ocean, and traversed by channels of ancient rivers traceable 
by the soundings in the case of Western Europe, or inferential in the case of 
Western Scandinavia. In a few cases these channels are for short distances 
clearly indicated on the charts, as, for example, in the casri of the BrecLsund Dybet, 
which is a prolongation of the Stor Fjord out to sea, between the islands of Godo 
and Harcjdo in lat. 62^ S0\ with a general depth of 100 flithoms below the 
adjoining floor of the sea ; and there are a few other similar cases. 

Outline of the phynical historif of the f jords , — As connected with the past 
history of the Norwegian fjords the following appear tu ho the most important 
stages : — 

Ist (Earliest) Period. — (’ontinontal condition^ ; Arcluenn rocks; river 
erosion begins. 

2ad Period. — Partial submeriretico in early Silurian times. 

.‘Ird Period. — 'Flc\atioii of land during Mesozoic and Teileiry periods , furtlier 
do(*]H niiig of rive> channels. 

4th Period. — Qitaier/Hfri/, Karls tdacial: great elevatinu of land and 
ultimate extension of snowiield." ami glacu r.'. Ice tilling the salles ' and moving 
out to sea. 

oth Period. — (imtlenKOif. Pont-Glacial , Mib.sidein t* aiul partial -■iImh' i/e'-, ■ 
of land; retreat of tlie glacior.s. Iceheigs and J.d’ts i ost-iing the adjoining .m'u. 
Amelioration of climate. 

(ith Period. — Itarnl. lie-, leva lion to approvinnitely ju’e^eiit position with 
regard to the outer ocean. Formal ion of raised beaches (strand linieii). 

The paper concluded with a i'omparj'«oii befwt eii the above plnsical JVatiirts 
as tlit*y occur in Norway wuih tliose ol Scotland. 


5. Oil the Orlffni of ihe 0 ravel- ff (tin (tf Snrrrtf and lit rkshlrrr 
JjjJ HoKACIi W. iMoN(‘KTO\, 

Oil the south of the TJiames flat expanses of gra\el are largely developed. 
They lie at various levels from 000 feet ().!). at Cicsar’s Camp, Aldershot, down 
to almost sea-level in tlie Thames vall(*y near Jjondon. 

The gravel is of variable thickness ; perhaps 15 feet is about the average. 

There are similar gravel-flats north of the Thames, but there drift questions 
are complicated by the presence of glacial bods. 

* According to Professor Heusch the terraces with marine .shells reach an eleva- 
tion of about 200 metres (620 feet) in ihe Trondheim distiict; but the author 
during a recent visit was unable to observe any higher tiian 2 .j 0 feet south of thi.s 
position. 

Published in full in the Geological Minjaz'uic, December 4, vol. vili. November 
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The author - * 

1 . That thij gravels are river gravels formed since the country last rose above 
the sea ; 

2. That tin*. ]»rorcss of elevation was iu»t continuous, hut that short periods of 
ra])id movement were si*parated by long periods of repose ; 

.*3. That the gravel-flats are the work of the rivers during the periods of 
reposti ; 

I. That the earth-movements did not aflect the whole area uniformly, and that 
local do])rcsyions occnrn‘d. 

Ill support of iliese conclusions the author refers to the step-terraces so common 
in the fjords and to the old coast -plain and shore-lines which occur above and 
below the present sea-level on the Norwegian coast. 

•\s evidence of local depres.‘*ion, ho refers to the deep ehaiinel of Drift in tbs 
valh'v of the ('em, des-cribed by Mr. \V. Whitaker,* and to the great thickness of 
the (jorhkula Jtvminalk bed at Crayford. 


G. On thti Occurrence' of jDiot i(c associated with Granite at xissouaitt 
Upper EypitL Jhj Alexander Somkrvail. 

Imnicdiatt’ly below the front of tlie Cataract Hotel there is exposed an 
interesting >oelion of the reddish granite of the neighbourhood. Tt is notable for 
a mass of dark diorite, which seems to cut it a.-* a vein or dyke, running in an 
J'].N,E. and W.8.W. direction. 

'fhe breadtli of this dyke-like mubS is variable, but on an average it is about 
t hD*(‘ f»'et wide. 

The walls of hnlh are as a rule sharply defined, without any apparent passage 
of the one into the other, altlmiigh at bome portions of the margin of the diorito 
there arc a few red crystals of the lelspar f»f the hounding granit*'. 

'riicrc ar«‘, howe^ «‘r, about the eentral portion of tlie diorite, crosMiig it at 
right {ingles, two small veins of the reddish granite of the pavimt mas-. t)no of 
IheM* IS only about quarti'v of an inch wide, and tin* other about two inches in 
width. 

'^I’licsc two veins are both in colour, and also in ctunpositiou, exactly the .'‘aino 
as the motlier rock; and are not continued into the parent mass as distinct veins, 
but are «'.Nseutially a part of the granite itself. 

Tin- {iiithor <li(l n(»t cuter npen any theory of »',xplanatioii, but it is, he tlunkf>, 
ob\imi.s rlnit the granite and diorite are not separated Irom each other by any 
great diilerence of age. 


7. Xofe (n) some IfornhJcmh’ Porphprifes of I ieforio {Ausfridio). 

A'// Ja^iks Stirling, (Utn nnneni Geufor/isf of Vietoria, 

The existence of auriferons (|uartz ^oins associated with a class of eruptive 
rocks, which are intrusive to the l-ppor Silurian formation (^shales, sandstones, 
conglomerait's, and limestones) of Victoria has long been known. The frequent 
ociMirronct' of hornblendo in this class of rock has led to the use of the term 
diorite for most of the dykes, although marked diflerences in mineral composi- 
tion and structure were frequently observed. During a recent geological and 
underground sur\ ey of the WalhalU Uoldtield, where tlie dykes wore chissod as 
dioriteiff I caused a uumhor of samples of the dykes to bo seloctwi and sliced for 
])(‘trographic investigatutn, with the result that, many of the intrusive rocks were 
Ibuml to belong to several dift'erent classes, iu which hornblende was either 
wholly absent or but sparingly represented, being replaced by :: ‘ a f.* mica- 
felbite.'s, &c. This inquiry led to a closer examination of the well-known WoodV 

* urA Jjhrn, Soc., rol. xlvi. p. 333. 
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Point diorites, in which hornblende is notably present, with tlie result stated 
in the accompanying petrographic note. It is intended to continue the systematic 
investigation of all the Victorian so-called diorites, particularly those with which 
auriferous quartz veins are associated. 

Ill this investigation I shall have the valuable co-operatiou of Mr. F. P. 
Mennell, an Australian student at the Iloyal School of Mines, London. 

The following brief description is intended as a preliminary note : — 

Wood’s Point, Victoria. 

Slide 277. — This slice was cut from a dark coloured, even-grained rock of 
granitic aspect. ’The specific gravity is high (2*9). Black hornblende is the most 
conspicuous constituent; ilmenite and pyrites can also be recognised by then* 
characteristic colour and lustre. Under the microscope the rock does not show 
that simplicity of structure which might be inferred from its appearance in hand 
specimens. Hornblende is still the mineral which gives a distinctive character to 
the rock ; but the whitish material with which it is associated, though much 
decomposed, is at once seen to be of a complex nature. 

Constituent Minerals: Hornblende , — This mineral occurs in large granules, 
often showing crystal faces, though the outline is frequently too indefinite for the 
form to be determined with precision. The prismatic cleavage is generally well 
marked, though some crystals show irregular cracks. Tlie colour is in mort cases 
brown, though some of the crystals are of a greenish tinge, and a few are quite 
colourless. The coloured varieties exhibit strong pleochroism (fairly deep brown 
to almost colourless). Sections showing only one set of cleavage traces give a 
maximum extinction angle of 20°. 

Felspar , — The predominant felspar is evidently plagioclase, though owing to 
its decomposed state and the absence of twin lamellation or ch‘avag»‘ traces it is 
dilficult to assign it with certainty to its proper position in the albite-anortliite 
series. It seems, however, to b(5 a basic oligoclase, and it is notabh' that in one 
or two instances it presents crvstal faces to the hornblende. Orlhoidaso is also 
present, chiefly intergrown in crystallographic relation with quartz, forming 
uiicropegmatitic patches, which give to portions of the rock very much the 
appearance of a granopliyre. 

Quartz occurs almost entirely in micrographic inttTgrowth with the ortlioclase 
as sharply defined skeleton crystals, often triangular in outline. It is thus of 
prior consolidation to the felspar with which it is associated, and in thin section 
IS the more distinct from its being entirely unaftected by the agencies which have 
rendered the felspar almost opaque. 

Ilmenite is abundant in irregular grains and slceleton crystals, and is, no 
doubt, the source of the black ^ titauiferous ironsand ’ which is so ])h*ntiful in tho 
locality. Its outline, lustre, and characteristic alteration atlbrd a ready means of 
identification. 

Sphene, of the white variety known as leucoxene, has been abundantly pro- 
duced by the decomposition of the ilmenite. It does not form definite crystals, 
but it serves to bring out the internal structure of the ilmenite in a most striking 
manner, owing to the way in which decomposition has proceeded along the lines 
of least resistance, related to the crystalline form (hexagonal) of the original 
mineral. 

Other accessories are pyrites and apatite, neither of which is plentiful. Tho 
former is easily recognised by its pale brassy colour, as seen by reflected light. 
The apatite forms slender prisms, longitudinal sections showing the cross-fracture, 
while transverse ones show the characteristic six-sided form. A colourless 
mineral with the roughened appearance characteristic of a high refractive index 
also occurs as a decomposition product of the hornblende. It is almost isotropic, 
and may be referred to the chlorite group. 

Structure , — The texture and structure vary considerably in difierent parts of 
the slice. The rock is holocrystalline, but the order of crystallisation of the 
different minerals is variable and tho presence of micropegmatite is distinctive. 
The other minerals act very much the part of a ground mass toward tho horn- 
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blende^ though the appearance of the rock is not strikingly porphjritic, and the 
general structure is very similar to that of the less basic syenite-porphyries of the 
Charnwood district in Leicestershire. It points, in fact, to a hyp-abyssal as 
opposed to a plutonic origin for the rock, which might therefore be classed as a 
diorite-porpliyry or hornblende-porphyrite. 


8, Kotpon some AnthropodH from the Upper fsiJnrian, 
By Malcolm Laurie. 


9. The Copper -hearing Rochs of South Australia, By F. P Mennell. 

The copper ores of Yorke’s Peninsula in South Australia wore the first 
metallic minerals worked on the Australian continent. They occur in rocks of 
Archiean ago, which at Moonta and Wallaroo have been subjected to crushing 
and shearing to such an extent that they present few traces of their original 
structures, except in the case of a diorite at Wallaroo, which is of a typically 
plutonic character. Most of tin? rocks are mylonites, and in some instances have 
been reduced to a compact flinty type, in which none of the minerals can be 
;■ .«■ ■ ■. ‘-h . ■ ■'uiiity. Where the original constituents have survived they 

v ■ ; character ; oligoclase seems to liave best resisted the crushing, 
and oithoclas(* occasionally remains in lent ides; but the brittle quartz has invari- 
ably b(‘on reduced to ])owder. The economic aspect of the examination is of 
considerable importance, for the mines have se^eral times been shut down when 
tin* on* has thinned out owing to doubts as to its permanfmee. From the 
character of th(» rocks it is, liowever, obvious that they occur in a true ‘fissure 
lode/ and no doubts need be felt ns to tin* conlinunnct* of the on* to the limit of 
workalde depth>. 


10. Report on the. Exenrntion of the Ossiferous Caves at Uphill y near 
Weston-super-Mare , — »Seo Keports, p. .‘152. 
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Section D,— ZOOLOGY. 

Peesipeht op the Section,— P rofessor J, Cossar Kwart, 31.D., F.U.S. 


TIIUBHBA F, BEBTKMBKIt 2. 

Tbo President delivered the following Address : 

Tho, Expenmental Sfndy of Variation, 

Tub study of variation may ho said to consist (1) in noting and classifying the 
diiferences between parents and their oflspriiig; and f2) in lietenuiiiiii^ liy obser- 
vation and experiment the causes of these differences, espt'cially why only some of 
them are transmitted to future generations. 'Phe facts of variation ha\ ing beim 
dealt with at considerable length in a recent work by Mr. llateson, I shall discuss 
chiefly the causes of variation. 

Though for untold ages parents have doubtless observed dilfiu’ences in the form 
and temperament of their children, and though broediu’shave long nott'd unlooked- 
for traits in their flocks and herds, the systematic study of ^ariution is of Aery 
recent date. This is not surprising, for, while the belief in the immul ability of 
species prevailed, there was no special incentive eith<*r to collect the facts or 
inquire into the causes of variation; and since the appearanci* in iHot) of the 
* Origin of Species,* biologists have been mainly ocmipied in discussing th(» tlieory 
of natural selection. Now that discussions as to the nature* and origin of species no 
longer occupy the chief attention of biologists, variability — the fountain and origin 
of progressive dev(*lopment — is likely to receive an ■ v'-incren'-in. ainoimt of notice. 
StrangCMis it may appi'iir, naturalists at the end of the eightei'iith century con- 
cerned themselves more with the causes of variation than their successors at the 
end of the nineteenth. liufFon, who discussed at some length nearly all the 
great problems that interest naturalists to-day, after considering variation arrived 
at the conclusion that it was due to the direct action of Ihi* environment, and 
even invented a theory (strangely like Darwin’s theory of paiig«*in'vi.s"t, to explain 
how somatic were converted into germinal variations, birasmns Darwin and 
Lamarck also had views as to the causes of variation. Erasmus Darwin believed 
variability resulted from the efl’orls of the individual, nf*w structures lieing 
gradually evolved by organisms constantly endeavouring to adapt themselves 
to their surroundings. Lamarck about the same time endeavoured to ])rove that 
changes in the environment produced n(*w needs, which in turn led to the forma- 
tion of new organs and the modification of old ones, use being (‘specially potent in 
perfecting the new, disuse in suppressing the old. Doth Erasmus Darwin and 
Lamarck, without attempting, or apparently even seeing the nei'd of, any such 
explanation as pangenesis offered, assuin(*d that definite acquired modi luxations 
wer(i transmitted to the offspring, and they both furtlujr assumed that variations 
occurred not in many but in a single definite direction ; hence they had no need 
to postulate selection. The speculations of Erasmus Darwin and Lamarck having 
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had little influence, it fell to Charles Darwin to construct new and more lasting 
foundations for the evolution theory. 

Charles Darwin, clearly realising that variation occui’s in many difihrent 
directions, arrived at tin* far-reacliing conclusion that the best adapted varieties 
are selected by the environment, and thus have a chance of giving rise to new 
species. Tlioiigli inipress(*d with th(i paramount importance of selection, Charles 
Darwin realised that * its action ahsolutely depends on what we in our ignorance 
call spontaneoiiH or acc/idental a ariation .' ' Darwin, however, concerned himself 
to tin* last more with selection than with variation, doubtless because he believed 
variability sinks to a quite subordinate position when compared witli natural 
selection. As variations stand in vi*ry nincli the same relation to selection as 
bricks and other formed material stand to the }niild<*r, Darwin was perhaps 
justified in rating so highly the im]»ortanee of the principle with which his name 
will ever ho intimately assordated. Though Darwin considered variability of 
secondary importance, it may be noted that In* did more than any other naturalist 
to collect the fads of variation, and he, moreover, considered at some length the 
caiis<*s of variation. He regarded with most favour the view 'that variations of 
all kinds and degrees are directly or indirectly caused by the conditions of life 
to which each being or more es])ecially its ancestors have been exposed.’ • Of all 
the causes which induce varitihilily, he believed exct‘ss of forid was jirohably the 
most powerful.* In addition to variations which arise •-pontjine in obedience 
to fixed and iniiimtahle laws Darwin believed with Bullon that variations were 
produced by the direct, action of the environment, and Avitli Lamarck by the use 
and disuse of jiarts ; and he accounted for the inheritance of such variations by his 
theory of pangeiu‘sis. Darwin set‘ms always to have regarded the direct action of 
the environment and u<(* and disuse as, at the most, snbsidiarv causes of variation; 
but ]Mr. Herbert Spencm’ and his followers ri‘gard * iise-inherit ance ’ as an all- 
important factor ill evolution ; while (^>pe and his followers in Am(*rica, by a 
mixture* of ' use-inheritance’ (Kiiietogeneis) .‘ind Ijumarck's neck-stretching theory 
( ArchaisthetisiiD, appivvenily see their way to account for the evolution of animals 
with but little help from natural selection. 

IVofessor Weisraann and others, however, have ri*ci*ntly given strong reiwons 
for the belief that all variat ion is the result of changi s in the germ-plasm ultimately 
due to evternal stimuli, the en\ ironment acting directly on unicellular, indirectly 
on ninlticcllular organism. It is convenient to sp»*ak of biologists who believe 
w'ilh ]Mr. Herbert Spencer in the law of use and disuse (ust'-inheritance) as Neo- 
Lamarekiaiis, and of those who with Wei^mann refuse to accept the doctrine of 
the transmission of definite aerjiiireil charaderN and in the case (d’ multieellular 
organi'^ms the direct inflnenci* of the t*n\ ironment as .a cause of variation, as Neo- 
Darwinians. In discussing \ariability 1 shall assume that all variations are 
transmitted 1>> the germ-cells ; that the priiiiarv cuu.h* of vai int inn is always tho 
effect of <*xternal inlhumces, such as footl, temperature, moisture, \c. ; and that 
‘the origin of a variation is equally independent of selection and amphimixis,’ * 
am])liimixis being simply the means by which elfect is given to differences 
inherited, and to the diiii'renccs acquired by the germ-cells during their growth 
and maturation. 

Theoretically the offsjiring .should he an equal blend of the parents and 
(becauso of the ttuidency to reversion) of their re^jii'ctive ancestors. In as far 
as the offspring depart, cither in an edd or in a new*^ direction from this ideal 
intermediate condition the\ may In* .said In have undergone variation. Tho 
more obvious variations consist of a dilf<»reiu*e in form, size, and colour, in tho rate 
of growth, in the period at which maturity is reuclu'd, in the fertility, in the power 
withstand dis(‘aso and clianges in the surroundings, of diflerences in temperament 

• A/fhnala ami Fla til vol. ii. p. 20(». 

- vol. ii. p. 210. lOlsewhcre In* says wo arc ‘driven to the conclu.sion 

that ill most cases tho conditions of Hfo play a subordinate part in causing any 
part ic.iilar modification.’ 

//>///., vol. ii. ]>. 2S2. 

« Woismann, Thv (Ivrvi-Plam ji. 4:U, 
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and instiuctSi and in the aptitude to learn. In the members of a human family 
there may be great dissimilarity, and the dissimilarity may be even greater in the 
members of a single brood or litter of domestic animals, especially if the parents 
belong to slightly different breeds. 

Frequently some of the offspring closely resemble the immediate ancestors, 
while others suggest one or more of the remote ancestors, are nearly inter- 
mediate between the parents, or present quite new characters. Similarly 
seedlings from the same capsule often differ. Can we by way of accounting 
for these differences only with Darwin say tliat variations are due to fixed and 
immutable laws, or at the most subscribe to the assertion of Weismann, that 
they are 'due to the constant recurrence of slight inequalities of nutrition 
of the germ-plasm ’ ? ^ Weismann accounts for ordinary variation by saying 
that the reduction of the germ-plasm during the maturation of the germ-cells 
is qualitative as well as quantitative, «>., that the germ-plasm retained in 
the ovum to form the female pro-nucleus is different from the germ-plasm dis- 
charged in the second polar body. He accounts for discontinuous variation and 
'sports* by 'tlie permanent action of uniform changes in nutrition.’^ These 
uniform changes in nutrition, by modifying in a constant direction susceptible 
groups of germ-units (determinants'), after a time gi>ing rise to new, it may he 
pronounced variation. Must we rest satisfied with these assumptions, or is it 
possible to account for some of the variability met with by, say, dilferonces in the 
maturity of the parents or of the germ-cells, by the germ-cells ha\ing been 
influenced by interbreeding or intercrossing, or by the soma in which they are 
lodged having been invigorated by a change of food, or habitat, or deteriorated by 
unfavourable surroundings or disea.se? In other words aro there valid reasons 
for believing that the germ-cells are extremely sensitive to changes in their 
immediate environment, t.e., to modifications of the body, or soma containing 
them, and that the characters of the offspring depend to a considerable extent on 
whether the germ-cells have recently undergone rejuvenescence ? 

Obviously, if the offspring, other things being equal, vary with the ago of the 
parents, the ripeness of the germ-cells and with the liodily welfare, the qualitative 
division of the nucleus on which Weismann so much relies as an explanation of 
ordinary variation will prove inadequate. 

Is Age a Cause of Y nr inf ion? 

During the course of ray experiments on Variat ion 1 endeavoured to find an answer 
to the question, ' Is Age a Cause of Variation ? * During development and while 
nearly all the available nourishment is required for building up the organs and 
tissues of the body, the germ-cells remain in a .state of quiescence. Sooner or 
later, however, they begin to mature, and eventually in most cases escape from tlie 
germ-gland.s. I find the first germ-cells ripened often prove infertile. WHien, 
e.g., pigeons from the same nest are i.solated and allowed to brep<l as soon as 
mature, they seldom hatch out birds from the first pair of eggs, and though 
quite vigorous in appearance they may only hatch a single bird from the second 
pair of eggs. The same result generally follows mating very young but quite 
unrelated pigeons ; hut when a young hen bird is mated I*' :i v 11- 

matured male, or a young male is mated with a vigorous, ■ .l-mrs' i.!- d !■ 'v. 
the eggs generally prove fertile from the first. Tin* germ-cells are, as far as can 
be determined, structurally perfect from the outset ; and that tlu'y only fail in 
vigour is practically proved by the fact that, though the conjugation of germ -cells 
from two young birds loads to nothing, the conjugation of germ-cells from quite 
young bircls with germ-cells from mature birds generally at once results in 
offspring. 

The following experiments indicate how age may prove a cause of variation. 
Last autumn I received from Islay two young male blue-rock pigeons wliich, 
though bred in captivity, were believed to be us pure as the wild birds of the 
Islay caves. In I’l-bniary last one of the young bliie-rocks, wliile still inimatiu’e, 

* Germ-Plasm^ . JUl, 
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was placed with an inbred white fantail, the other with an extremely vigorous well- 
matured black barb. In course of time a pure- white bird was reared by the white 
fantail, and two dark birds by the black barb. Owing probably to the fantail being 
inbred and tlie blue-rock being still barely mature, the young white bird died soon 
after leaving the nest. No birds were liatched from the second and third pairs of eggs 
laid by the fantail, but from the fourth pair two birds were hatched which are now 
nearly full-grown. These young birds are of a darker shade of blue, and look 
larger and more vigorous than their blue-rock sire. As in the Indian variety of 
the blue-rock pigeon the croup is blue, and, as iu some of the Eastern blue-rocks, 
thevyings are slightly chequered. They, howev^'r, only essentially differ from their 
sire in having four extra feathers in the tail. The first pair of birds hatched by 
the black barb when they reached maturity early in August might have passeii 
for young barbs with somt'what long beaks. Since the first pair were hatched in 
March the hlue-rock and black barb have reared six other birds. One of the second 
brood closely resembles the first birds hatched; the other is of a greyish 
colour, with slightly mottled wings, a long beak, and a tail bar. The 
birds of the tliird nest are both of a greyish colour, but have indis- 
tinct wing bars as well as a tail bar. Of the fourth pair of young one 
is greyish like the birds of the third nest, the other is of a dark blue colour with 
slightly cbe<iuered wings, and a head, beak, and bars as in its blue-rock sire. The 
gradual change from black lo dark blue in the blue-rock barb crosses is very 
remarkable. 1 can only account for the almost mathematical regularity of the 
change by supposing it has kept pace with a gradual increase in the vigour or 
prepotency in the young blue-rock. Eveiituallv the ollspmng of the blue-rock 
mated t«) the black barb, like the offs])ring of its brother with the white fantail, 
may be of a slat y blue colour, and otherwise resemble a wild blue-rock pigeon. Many 
br<*e<ier8 would explain the otlspring taking more and more after the sire by the 
doctrine of ^^aturalion — a doctrine that finds much favour amongst breeders — hut 
ns identical results were obtained wli(*n young females were mated with well- 
inatured males the saturation explanation falls to the ground. 

Like results were obtained by breeding young grey quarter-wild rabbits with 
an old white Angora buck : the first young were w'hite, the subseejnent young 
were whit(*, grey, and blui."!! grey. From these results it fdlows that, when old 
and young hut slightly ditferent inerahers of a variety or species are mated a 
wonderfully perfect series of intermediate forms is likely to be produced. Amongst 
wild animals the young males rarely have a chance of breeding with tlie young 
females ; hence amongst wild animals, owing to age being a caus(» of variation, a 
considerable amount of material is doubtless constantly provided for selection, 
thus affording a variety an additional chance of adapting itself to slight 
iluctuation.s in the environment. 

In Iho results obtained by crossing mature, vigorous, and, in some cases, inbred 
inal(*s with barely mature females an explanation may be found why in some 
families the same features have jier.sisted almost unaltered for many generations ; 
why in his features the squire of to-day sometimes exactly reproduces the lines of 
his ancestors, as w'cn in portraits and monumental brasses. It should, however, 
bo borne in mind that highly prepotent forms are capable from the first of so 
completely controlling the development that they transmit their pectiliar traits to 
all their offspring. 

Is Ripeness of the Oenn-Cells a Cause of Variation ? 

Wliile difference in age may sometinu’s arcount for the earlier broods and 
litters resembling one of the parents, it fails to account for the very pronounced 
variation olfen found in a single brood or litter, and for much of the dissimilarity 
between members of the same human family. When a single fertilised germ-cell, 
as occasionally happens, gives rise to twin.*^, they are always identical ; hence it 
may ho assumed differences in memhors of the. same family have their source 
in differences in the germ-cells from which they spring. If the offspring vary 
with the maturity of the soma it may also vary with the maturity of the germ* 
cells, or at least with their condition at the moment of conjugation. 
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Some years ago Mr. H. M. Vernon, when hybridising echinoderms, discovered 
that ‘the characterisics of the hybrid offspring depend directly on tlie relative 
degrees of maturity of the sexual products.’ ^ Mr. Vernon found subsequently 
that over-ripe (stale) ova fertilised with fresh sperms gave very different results 
from fresh ova fertilised with over-ripe (stale) sperms, from which he inferred 
that over-ripeness (staleness) is a very potent cause of variation.’ 

I find that if a well-matured rabbit doe is prematurely (?.e., some time before 
ovulation is due) mated with a buck of a different strain, the young take after tlie 
sire; when the fertilisation takes place at the usual time, some of ihe young 
resemble the buck, some the doe, while some prt'sent new characters or reproduce 
more or less accurately one or more of the ancestors. When, however, the 
mating is delayed for about tliirty hours beyond the normal time, all the young, 
as a rule, resemble the doe. Jt may hence be inferred that in mammals, as 
in echinoderms, the characters of the offspring are related to the condition of 
the germ-cells at the moment of conjugation, the olfspring resiiltinur from the 
union of equally ripe gerni-colls diilering from the oilspring devtdoped from the 
conjugation of ripe ami unripe germ-cells, and still mon^ from the union of fresli 
and over-ripe germ-cells. This conclusion may l)e said to bo in harmony with 
the view expressed by Darwin, that the causes which induce variability probably 
act ‘ on the sex eh*mGnts before impregnation has been effected.' 'I'he results 
already obtained, though far from answering the question why thete is oftiui 
great dissimilarity between members of the same family, may lead to further 
experiment, and especially to more complete records being ke])t by bre(;d(‘rs. It 
is unnecessary to point out what a gam it would be were breeders abh‘ to 
regulate, even to a small extent, the characters of the olfspring. 

Is the Condifion itf ihe Soma a Cause of Vnriation ? 

There is a considerable amount of e\id«*nce in support of tlie \iew that 
changes in any part of the body or ^oiiui which ailed the general welfare 
influence the germ-cells, '^riiis is but wlial might be evpedi^d if the soma in 
the metazoa is to the germ-cells what the iimnediate surroundings ar»‘ to tlie 
protozoa. The soma from the first forms a conveuidit nidus for tlie germ-cells, 
and, when sufficiently old and sufficiently nourished, it provides the stimuli by 
which the ripening (maturing) of the germ-cells is (dfccted. If in the case of 
the protozoa variation is due* to tlie direct action of the environment, it may 
be inferred that in the mt'lazoa variations of the germ-cells result from the 
direct action of the soma, i.e,, from the direct action on the germ-cells of their 
immediate environment. This, however, is quil«* a dilfureut thing from saying 
that definite somatic yariations are incorporated in the germ-cells (converted into 
germinal variations) and trananiitted to the olfspring. 

It may first be asked, Does disease, in as far as it reduci's the general \ igoiir or 
interferes with the nutrition of the germ-cells, act as a cause of variation? I 
recently received a number of blue-rock pigeons from India infected with a blood 
parasite (llalteridium) not unlilie the organism now so generally as.sociated with 
malaria. In some pigeons the parasites were very few in nuniher, in others they 
were extremely numerous. Tin* eggs of a pair of these Indian birds with 
numerous parasites in th(3 blood proved infertile, f'ggs from a hen bird with 
numerous parasites fertilised by a male with few parasites proved fertile, but the 
young died before ready to leave the nest. An old male Indian bird, liowevi^r, 
with comparatively few parasites, mated with a mature half-bred English turbit 
produced a single Wrd. llie lialf-bred turbit lias riiddish wings and sliouldors, but 
18 otherwise white. The young bird by the Indian blue-rock is of a reddish 
colour m^nrly all over, but in make not unlike tlie cross-bred turbit heu. 

Some time* before* the second pair of eggs were laid, the parasites liiid com- 
pletely disappeared from the Indian bird, and he looked n.s if In* had quite 

‘ Proceedings Jloyal Stunefi/y vol. Ixiii. May IH08. 

* Ihid.y vol. Ixv. November 

“ Animals and PhudSy yo\. ii. p. 259. 



TRANSACTIONS OP SECTION D, 


671 


recovered from his lonj^ journey as well as from the fever. In due time a pair 
of young were hatched from the second eggs, and as they approached maturity 
it became more and more evident that they would eventually present all the 
distinctive points of the wild-rock pigeon.^ Tlio striking difference between the 
first bird reared and tlie birds of the second nest might, however, be due not to 
the malaria ])arasites but to the change of habitat. 

Against this view, however, is ihe fact that another Indian bird infected to 
about llie same extent as the mate of ihe half-bred red turbit counted for little 
when mated with a s<‘coiid ball-bred turbit ; while two Indian birds in which 
extremely few pani'-ites were frejind at once ]»rodu(‘ed blue -rock-like birds wdieu 
bred — one with a faiitail, llie ether with a liimblor. 

Another ]>os‘'il)le explanation of the difference between the bird of the first 
and the birds of the secon<l is that the goriii-cells wer<» for a time in- 

fected by the miniitn proto/oan Ilalteridium in very much the .'-ame way as 
the germ-cells of ri<*ks are infected by the ])arasite of Tex.'is fever. But of 
this there is no evidence, for even in the halt-grown birds hatch I'd by the pure- 
bixHl malarious Indian rocks the inOi^t carelul examination I ailed to detect anj’ 
parasites in the blood. In all probabilit}* llalteri<lium can only be conveyed from 
one pig(*on to anotln'i* by (hilex or some other gnat. 

These results with ]ugoons sulfering from malaria seem to indicate that the 
germ-(»,ells are liahh* to be intliienced by fevers and other forms of disf‘ase, that for 
llie timt* )»eing diminish the \itality of the x)aienta. Furl her experiments may 
sliow that llie germ-cells are intluenccd in dilfereiit ways by diiferent diseases. 

Sonu'tiiues the germ-cells eiiller from the direct action of thc'ir immediate 
ell viromneiit, from disturbance in or around the germ-glands. If, for example, 
inthimination by the ducts or other cliaunels reaches the germ-glaiuls, the vitality 
of the ‘>ernwells maybe coiisideiahly diminishi‘d : if serious or ]Uolouged, the 
germ-cells may bi‘ as tdfectively sUTilLsed as are the bacteria of milk liy boiling. 

In iJlOO two mares produced foals to a bay Arab which had jireviously sull’eved 
from a somewhat serious illness iinohing the germ-gland-. These foals in no 
wa,\ sngg(*st their sire. 'J'liis \eav 1 have three fouls by tin* same Arab after he 
had fpiite re(*o\t»red: one promises to he the imagn* of his sire, and the other two 
are <lecidedlv Aral>-like both in make and action. 

Wliile the germ-celN are liable to suifer when the soma is the subject of 
dis«*ase, there is no evidence that tlie\ are cajiahle of being so inllnenc(*d that tlu*y 
transmit definiti* or particular moditicatious (unless directly infected with bacteria 
nv otlier minute organisms) ; that, c.//.. the germ-cells of gouty subjects iiecessarih 
give rise to grouty otl'^pring^. l)on)»tle«s if the germ-cells, hi*canse of their 
unfavourable immediate .surroiiiuliugs, sutler in vigour or vitality, the oHspring 
(leri\ed from them are likely to be h*ss -vigorous, and hence more likely than 
their immediate anccsUjrs to sutler from gout and other diseases. 

It would he an f'aM matter to grive iii'-tances of tin* ofispring varying with the 
Cimdition or tiliiess of the par»*uts; but it will sufliee if, tiefore discussing inter- 
crossing, I ref»*r to the iiillueiiee of chang»* of habitat. 

/s Clinn(/r of Ifahitat a Cause of Vaeiafion? 

U has long been rect)gnised that a change of surroundings may profoundly 
iulluence tin* reproductivi* .system, in some cases increasing the fertility, in others 
lea<liiig to c.oiniile.te sterility. J^xotic plaut^s, sterile it may he at first, often 
beconu* extreiut*ly fertile, and when thoroughly established give rise to new 
varieties. In the caw* of mares obtained from Iceland and the south of Kngland 
sometimi*s a year «*la])ses before they breed. An Arab-ICatliiawar pony which 
arrived during April Ironi India, proved during ihii first three months quite sterile, 
owing, I believe, to los.s of vigour on the pari of the germ-cells, t heir vitality 
beingonly about ouo-t.entli that of a home-bred liackney pon> . But the fertility is 
a]»parentiy greatly impaired by even comparatively slight changes of environment. 
Jiions which laved freely in Dublin seem to be sterile in London, and I heard 
recently that when bulls are ebanged from one district to another in the north of 

' In those young birds the bmist and some of the wing featbera arc imperfect. 
Fanciers regard Ibis condition of tlie feathers as evidence of constitutional weakness. 
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Ireland the immediate result may be complete sterility. The tendency of some exotic 
plants to * sport ’ after they become acclimatised is doubtless due to the fact that 
their new habitat is unusually favourable, their general vigour — so essential for 
new developments — is increased, and, probably because certain groups of germ 
units are constantly stimulated by the new foo(l available, they give rise abruptly 
or gradually to new and it may be unexpected characters. No one doubts that 
the bodily vigour is liable to be impaired by fevers and other diseases, by changes 
in the habitat, unsuitable food, rapid and unseasonable changes of temperature, 
and the like ; hence it will not be siirpri.-irig if further investigations prove that 
changes in the soma, beneficial as well as injurious, are reflected in the n'l ni-crll.-. 
and thus indirectly induce variation. Moreover there are excellent r*‘a-ori- I’lr 
believing that the germ-cells are influenced by seasonable changes, such as moult- 
ing in birds and changing the coat in mammals. In the case of pigeons, o.g.^ the 
young bred in early summer are, other things being equal, larger and more 
vigorous, and mature more rapidly, than birds hatched in the late summer or 
autumn. But however sensitive the germ-cells may be to the changes of their 
immediate environment, ?.e., the soma or body in which they arc lodged, there is 
no evidence whatever that fas Biiffon asserted and Darwin thought possible) 
definite changes of the soma, due to the direct action of the environment, can be 
imprinted on the germ-cells. By the direct action of the environmtuit— food, 
temperature, moisture, &c. — the body in whole or In part may be dwarfed, 
increased, or otlierwise modified ; but such changes only influence the ini-e*-!!- in 
so far as they lead to modifications in their vigour and nutrition. They may 
expedite or delay maturity, alter the length of the reproductive period, interfere 
with the nutrition of the germ-cells, or retard the development of the embryo, but 
they seem incapable of giving rise to definite structural or functional variations in 
the offspring. 

Intercrossing and 1 nt( rlr^pdihg ns Causes of Variation, 

The belief was once common amongst naturalists that variability was wholly 
duo to crossinjj, and at the present day naturalists and breeders alike agree tliat 
imcrcnw^iug is a potent cause of variability, and are unaniirous in regarding 
interbreeding as an equally potent means of checking variability. The opinion is 
also general that intercrossing has a swamping influence ; that having brought 
forth new forms it forthwith proceeds to destroy them. Darwin, wdien discussing 
reversion, points out that intercrossing often speedily leads to almost complete 
reversion to a long-lost ancestor, i.e.y to the loss of r(‘cently acquired and the 
reappearance of long-lost characters.^ When, however, he comes to deal with 
variability, be states that ‘ crossing, like any other change in the conditions of 
life, seems to be an element, probably a potent one, in causing variability,’ ’ the 
offspring of the first generation being generally uniform, but those subsequently 
produced displaying an almost infinite diversity of character. As to the influence 
of inbreeding, he says * close interbreeding, if not carried to an injurious extreme, 
far from causing variability, tends to fix the character of each brood.’ ‘‘ 

These statements may be quoted in support of tlie very common belief that 
intercrossing is both a potent cause of variation and of reversion ; that it produces 
new varieties one moment and swamps them the next. Whether intercrossing 
may be regarded as the immediate cause of variation or of reversion (it can hardly 
be both) depends on what is implied by variation. Obviously, variation may be 
either progressive or retrogressive, f.c., the offspring may differ from tlieir parents 
in having quite new characters or in presenting ancestral characters, or in being 
characterised by trails neither new nor old, due to new combinations of characters 
already recognised as belonging to the variety or species. When intercrossing 
results in the restoration of old characters, we have reversion or retrogressive 
variation ; when to new combinations of already existing characters like new com- 
binations in a kaleidoscope, we have new variations of a non-progressive kind, 

' AnimaU anti Plant 8^ vol. i. p. 22. 

3 IHd,f vol. ii. p. 264. * Ihid,, vol. ii. p. 261. 
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almost alwavs characterised by more or less reversion; when, however, inter- 
crossing results in the characters of one variety being engrafted on another, or to 
the appearance of characters quite new to the species, we have progressive 
variation. Judging from Iho results I have obtained, intercrossing of two distinct 
varieties results, as a rule, in the loss of the more striking characters of both 
parents, in more or less marked reversion, the extent of the loss generally 
depending on the difference between the forms crossed. For example, if an owl 
pigeon is crossed with a pigeon known among fanciers as an h . nondescript 
birds ar(‘ obtained, which may at once, with a white fautaiJ, give birds almost 
identical with a blue-r(»ck — the common ancestor of all our breeds of pigeons. 
Intercrossing, on th(; other hand, rarely leads to tlie blending of the unaltered charac- 
ters of two or more varieties, and it never, so far as 1 have pceii, results in the 
appearance of characters absolutely new to the species. In a word, tlie immediate 
result of intercrossing distinct ^ arieties is, as a rule, more or less mailzed reversion. 
But though intercrossing usually results in ” variation, it is indirectly 

an extremely potent cause of progressive variation. This is due to the fact (better 
realised by botanists than zoologists) that cross-bred offspring (first crosses) are 
(unh'ss the parents have been enfeebled by interbreeding) endowed with an unusual 
amount of vigour, f.c., intercri).— in- is of supreme importance, not only because it 
leads to the co-iningling of germ-plasms having different tendencies, but also and 
perhaps chiefly because of its rejuvenating influence. The importance of this 
rrjui« ii!ili(,!j is usually at once evident if intercrossing is immediately followed by 
interbreeding. The ptrsisltuil interbreeding of closely related forms generally 
reduces the ^igour, and, as Darwin points out, ‘far from causing variability, tends to 
fix the character of each breed ’ ; ^ but the intercrossing of first crosses (or of highly 
vigorous individuals closely related in either the direct or the collateral line) 
williout appreciably weakening the constitution, often results in offspring display- 
ing, to use Darwin’s w'orJs, ‘an almost intiniti' diversity of character.^' The 
epidemics of variation, so ul'ttMi the outcome of interbrei'ding first or at least 
vigorous recently produced crosses, are apparently partly due to the union of 
individual-, having a similar tendency cheeking reversion, and partly to the 
vigour ac(|nired by recent intercrossing. Thi-J much may be inferred from the 
fact, that w'heii interbieediiig is ])ersi‘-led in the variability dwindles as the vigour 
ebbs. 

Breeders agree, will i Darwin that first crosses are generally imilbrm, and that 
the, subsequent ollspriiig usuallv var\ immensely ; yet neither breeders nor 
naturalists seem toliave clearly ivuliseci tliat interbreeding at tlie right moment is 
tlie^/im*/ cause of variation, while intercrossing is, except in very rare cases, at the 
most, an indirevt cause of variation. 

U may bi‘ h(*re said tliat it is impossible (o over-estimate tlie importance of 
vigour ill studying variation. Without, vigour no race or breed can maintain its 
jiosition ; williout renewed vigour it is hardly likely to devi'lnp new characters. 
Tlio iu*,w vigour, as already explained, may he obtained by intercrossing ; but it 
may also lie acquired, especially in plants, by a change of surroundings accompanied 
by a pltMilifui snjiply of suitable footl. 

Wit li rigid selection the gradual h)s.s of vigour may escape notice, but when 
selection is su-'peuded, rapid deterioration (from the taucier's standpoint) is the 
inevitable result. If, c.q., a numlM*r of pigeons, good speciiiieiis of a distinct 
breed, arc isolated and left nnmole.sted for a lew* years, they rapidly degenerate, 
i.o.j they lose their show' points (he they jieaks, frills, mils, or metailic tints) and 
reassunie the more fixed ancestral characters. If, however, the less characteristic 
birds are eliminated, and high-class birds arc from time to time introduced from 
another loft, the vigour and the distinctive trails arc iiidelinitely preserved. 

If the age and condition of the soma and the state of ripeness of the germ- 
cells are potent factors, and especially if vigour counts for much, the difficulties of 
brei'ders Dcconu) intelligible, and the unlikeliness of intercrossing being a direct 
cau.so of variation all the more evident. The most that can be expected from 

* Animahaad VUuits^ vol. ii. p, 251. ■** IbUL^ vol. ii. p. 254. 
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intercrossing is tlic engrafting on one breed of the characters of another, l^von this 
rarely happens, and is only possible when tlie two breeds are somewhat allied. It 
is impossible, p.y., to unite* in one individual all the points of a fantail and a pouter, 
or of a fantail and a jacobin ; but given Jioalthy, vigorous birds, the points of an 
owl may be engrafted on a barb. Or to take another example, the black ears, 
feet, &c., of a Ilimalaya rabbit may be combined with the characteristic form, 
long hair, and habits of an Angora. It may be impossible to predict what will 
happen when intercrossing is rosortt*d to, but if pure-bred members of a distinct 
variety are experimented with — and it is useless working with either ])laiits or 
animals of unknown origin — characters not already present in one of the varieties 
need not be looked for. 

lint while interbreeding at the right moment may be a cause of progressive 
variation, at other times it leads to what is perhaps best described as degeneration. 
When, c.< 7 ., very young members of the saiuci brood or litter, or unhealthy, closely 
related individuals, or quite mature and apparently vigorous but for several 
generations closely related animals are interbred, the olfspriiig frequently difler 
from their parents. They are often delicate and highly sensitive, and unable to 
survive unless provided with highly nutritious food; and though tlit‘y mature 
numerous germ-cells they rear but few offspring, and, what is still more striking, 
they are sometimes either white or all but devoid of pigment. Offspring thus 
characterised, especially when white or nearly white m colour, e.y,^ nearly white 
pheasants, partridges, and woodcock, white specimens of the brown ban*, white 
squirrels, &c., are sometimes regarded as distinct varieties, bat when the departure 
from the normal colour, &c., is the result of close inbreeding, it is better to regard 
it as a form of 

In the sprin^ ■ : i • I • rot'sed a quarter-wild grey doe rabbit with a closely 
inbred black-and-white buck. The young obtained varied considerably in colour : 
to one of her oflspiing coloured like the sire, the grey doe produced a second litter, 
all but oiui decid<‘dly lighter ni eolour than the miv. Two of the daiKer members 
of this litter produced almost white young, and to one of them tlio tniginal grey 
doe has recently produced a ^ _■ -.-.I ..-••■■I litter consisting of ]uir(‘-white 
specimens, two with only a narrow dorsal band, two law'ji-coloured. and one 
blaek. ('lose inti'rbreoding with goats and pigeons yields similar results. Ihrd^ 
on MU all remote Paciiie L'^lands an* sometime^ marked with irregularly di^])osed 
A\ liite patches. These pie-bald liirds, like liglil-i'oiour<‘d plieasants. cream-Cfdouied 
partridges, and dun-coluurcd rooks, may also be tin* \iuims of elose inbreeding. 

Tiui iSiL'ampbuj lij/lrls J/tO rrrfjs,>inf/» 

The qucftlion ‘ Are new \an(‘ties liable U) ]>(' swampid In intaero-^sing i-' ’ is 
perhaps the moat important innv iiresaing for an answ or from biologist s. What 
would happen, for example, if .specimens of ail the *lill‘»‘reiit breeds ol cattle weio 
set free and lel't unmolested on a large urea r' V\ ould they some centurie.'^ honce 
be represented by several breeds or by one? 3Iany would answiT tbi.s question by 
saying that unless some of them in course of time wcto i.>olatLMl by inounlains, 
deserts, or other physical barrier.^, they 'would evenliially through intercrossing 
give rise to a single breed. To tliis que.stion Darwin would, 1 tliink, liav(‘ gi^on a 
somewhat diflereut answer, fur, while admitting Mliat isolation is of considerable 
importance in the production of new species,’ ho was, nii tlio w In de, ‘ inclined to 
believe that largeness of area is of more iiii]>ortiince.’ ’ Unlortiinately Darwin 
nowhere indicates how he sup^)o.sed netv varieties (\scape being swaiiqaid by inti*v- 
crossing. fILs silence on this important point is dillicult to explain, Ibnlnring hi.s 
lifetime the influence of intercro.ssing in cliecking pr<»gre.>^,exce,pt in one direction, 
was often enough insisted on. fluxley tells u.s that in hi.s earliest critic i.siiis of the 
‘Origin ’ ‘ he ventured to point out that its logical Ibundation wa . iii.^ecure so long 
as experiments in selective breeding bad not produced vaiieties which >vere more 
or less infertile.^ J^ater 3loritz Wagner and others pointed out the important 


’ Or i jin of Species, p. 101. 
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fart physical isolation had played in the origin of species ; and later still Romanes 
endeavoured to show how the blighting influence of free intercrossing might be 
overcome by physiological selection, Itomanes, like Huxley, believing several 
varieties might be evolved in the same area if more or less mutually infertile. 
Evidence of the importance of physical isolation is plentiful enough; but neither 
has experimental nor selective breeding proved that ])liysiological isolation has 
been instrumental in arresting the efiects of intercrossing. Hence, 

according to Huxley and others, the foundation of Darwin’s doctrine of natural 
selection must still bo regarded as insecure. Is intorsterility the only possible 
nuiaiis by which iiew*^ varieties can be saved from premature extinction, from being 
destroyed betore they have a chance of proving their fitness to survive In other 
words, are barriers as essential among wild as among domestic animals ? It does 
not seem to have occurred to the biologists who so fully realis^'d the iioed of isola- 
tion, that the old varieties instead of swamping might bo swamped by the new, and 
t hat several varieties might sometimes be sufhciently exclusive to flourish and 
eventually give rise to a lihe number of species in the same area. If on an island 
lAVO new varieties of sheep appeared sufliciently vigorous, or, as we say, sufliciently 
prepotent, to swamp all the other varieties — as the ill-favoured lean kine did eat 
up the fat ones — and yet so exclusive that their cross-bred offspring invariably 
belonged to the one new variety or the other, for their preservation fences and 
other harriers woiihl he huperfiuoua. 

Is there unv evidence that by prepotency the swamping of new varieties is 
sometimes checked, and that by exclusive inheritance two or more varieties, though 
mutually fertile, may persist iii the same area, occasionally intercrossing with each 
other, but neither giving up to nor taking from each other any of their distinctive 
characters 't I have in my possession a skewbald Iceland pony that produces richly 
striped hybrids to a zebra, l)ut skewbald offspring the image of herself in make, 
rolour, and tem])eraiin‘nt to whole-coloured bay Arab and Shethuid ponit^s. This 
pony instead of Iving sw'am])e<l iiivariahlv sw’anips older hretxls. A number of 
prepotent skewbald ponies, wlierever ]»laced, would (es])eeiaUy witli the help of 
prelerciitial mating) in all ])robability soon gi\erise to a distinct race suchas once 
existed in the lOast. W hat is true of llw Kipiidie is equally true of other groups. 
Black horules" tialloway l)ulls are often so ])repotent that their tdfspring with 
long-horned brightly cohnired Highland heifers readily pass for pure-bred (ial I o- 
ns ay<. 'I’he wolf IS ]nTpotent oNcr the dog, as the wild rabbit, rat, and mouse 
are jirepotont over their tame. relaliNes. As an instance of pn‘poteacy in rabbits, 

I iua\ give the, n'sults of an iiiterhive<liiig t‘\])eiiment with a grey doe, the grand- 
ilsMighter of ;i wnM rabbit, and an inbred buck richly spotted likt* a Dalmatian 
hound. Of six young in the lirst litter three wvre like the sire. To one of her 
sons tlio grey doe ne.\( produced 4*iglit young*, all richly s]>ottcd, and suhscquenlly 
to one of her spotted gramlsons s I produced tw<» spotted, tw'o white, and tw'o grey 
olfspring. Snnilar results aie obtained A\ith plants; hybrid orchids, t., 7 ., some- 
times reju-oduct‘ all the characters of one of the parents. 

It neeil hanlly he insisted tm that if new varieties, well adapted for their 
euvironinent, are not iuily sutlicicntly prepotent ti» escape being swamped by other 
varieties, hut are also, liko the spotted rabbit, able to hand im the prepotency 
almost unimpaired to a niajoniy of their descendants, ])rogri‘ssive development 
along a (bdinite lino wdll be possible. Bui of even mon* importance than pre- 
potency is wdiat for want of a better name may bo known as evclusivo iiiberitance. 
ltec<*ntly a vigorous tualurc Indiuii blue-rock pigeon mated with an inbred and 
equally mature fantail, liatcln*d and reared tw’o birds, one exactly liko a blue-rock, 
but wdtii fourteen instead of twelve tail leathers: the ot her cluiraclerised by all the 
points of a high-ci,.-- lautail, the tail feathers being thirty in number— two fewer 
than in the fantail parent, but eighteen more than in the blue-rock parent. lu 
this case the blue-rock w'as the exclusive bh*d, the fantail having previously pro- 
duced birds wdth only sixteen feathers in the tail when mated with an ordinary 
dovecot pigeon. A still more striking example of exclusive inheritance we have 
in the. crow family. The carrion crow and the hooded crow are so unlike in 
colour that they were long regarded as two distinct species ; now they are said to 
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be two varieties of the same species. The carrion crow is black nil ovel’, but in 
the hooded crow the breast and back are f^rey. These two crows cross freely (but 
for this they would probably still rank as distinct species) ; but in the crossbred 
young there is never any blending — they are either black or grey, usually both 
varieties occurring in the same nest. Similar exclusiveness occurs amongst 
mammals. When distinct varieties of eats are crossed, some of the young usually 
resemble one breed, some the other, and the distinctions may persist for several 
generations. A white crossed with a tabby-coloured Persian cat produced a pair 
of white and a pair of tabby-coloured young; the two white cats Avhen interbred 
also produced two white and two tabby-coloured iinhviduals. I find cats are far 
more exclusive than rabbits ; perhajis it is partly for this reason we have so many 
species and varieties of wild cats, so few species and varieties of wild rabbits. 
Another very striking instance of exclusiveness we have in the Ancon or ‘ Otter ’ 
sheep common in New England at the end of the eighteenth century. This breed, 
whicii was characterised by short crooked leg^ and a long back like a turnspit <log, 
descended from a ram-lamb born in Massachusetts in 1701. The otlspring of this 
* sport’ were never intermediate in their characters : they were either like the 
original Ancon ram or like the breeds, some thirteen in immber, with which he 
was mated. Frequently in the case of twins one was otter-like, the other an ordinary 
lamb. More remarkable still, the Aiicoii-like crosses, generation after generation, 
wore as exclusive as their crooked-legged ancestor. 

Another familiar example of exclusiveness we have in the peppered moth, a 
dark variety of which in a few years swani})ed thti older light variety tlirougliout 
a considerable part of England, and is now extending its range on the (>ontinent. 
It thus appears that when a new variety is sufficiently prepotent, instead of being 
swamped it may actually swamp the old-established variety ; and that when two 
or more varieties are sufficiently exclusive they may Nourish side by side, and 
eventually give rise to two or more distinct spiiies. 

Prepotency may hence be said to supplement and complete the work of the 
environment. The environment seems to be mainly conreriu‘d in eliminaliiig the 
uuHt; whetheriiny of the survivors persist depends not so much on tlieir surround- 
ings as on whether th(»y are sufficiently prepotent and (‘xelusive to e.scapfj being 
swamped by intercrossing. This way of accounting for prngiv^s in oiu* or more 
directions may jirove as inadequate as the (»ue suggested by isolationists, but it has 
the merit of being more easily tested by experiment. It not only gets rid of the 
swamping bugbear, but makes it matter of indill’erenee whether (to quote from the. 
President’s address at the last Oxford mee.ting of the, As.socuition) ‘ the advan- 
tageously varied bridegroom at tlie one end ot* the wood meets the bride, who, by 
a happy contingency, had been adYantageou.sly varied in the same direction, and 
at tlie same time, at the other end of the wood.’ j^'iirtlier, as a highly prepotent 
vigorous variety can very well atlbrd to maintain n niiinber of budding organs, it 
helps us to understand how luminous, electric, and certain other structures were 
nursed up to the jioint when they began to count in the struggle for existence. 

Do%ibtfid Causes of Variation. 

Having indicated how maturity of the soma and of the germ-cells, and how 
bodily welfare and interbreeding may act us causes of variatiim, and also liow 
swamping of the new variations may be checked, 1 shall now refer to certain 
supposed causes of variation. 


Maternal impresnons, 

I may begin with the widespread belief that the offhjiring are capable of being 
influenced in form, colour, and temperament by maternal impro&.sions — the belief 
we associate with the skilful shepherd who pcidod wands and stuck them up before 
the fulsome ewes. Muller,* more than half a century ago, concluHively argued 
against the belief in maternal impressions, but the belief still prevails. I know of 

^ Elements of Physiology^ vol. ii. p. 1405t 
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two able naturalists who subscribe to the maternal impression doctrine, and it is 
firmly held by many breeders and by not a few physicians. A writer in a recent 
number of a quarterly/ which circulates widely amongst farmers and stock-keepers, 
boldly asserts that the existence of impressions whicli affect progeny (more espe- 
cially in colour) is a settled fact. This writer supports his case by referring to a 
highly successful breeder of polled Angus cattle, who considered it necessary to 
surroiind bis herd ‘ with a tight black fence in order to keep the females from 
dropping red calves because they saw the red herds of his neighbours.’ lleferenco 
is also made by this writer to the belief, common in certain parts of England, that 
whitf‘washed byres, regardless of the colour of the parents, produce light-coloured 
calves ; that the colour of foals is often more influenced by the stable companion of 
the dam than by her own colour or that of the sire ; and that even the colour of 
birds varies with the immediate surroundings, fowls, ejj.y however carefully 
penned, hatching birds resembling in colour the hens they habitually see in a 
neighbouring run. If maternal impr^.ssions thus influence the offspring they must 
be one of the most effective causes of variation. During the last six years I have 
bred many hundreds of animals, hut the nearest approach to an instance of maternal 
impressions was a dark pup with a white ring half round the neck, which suggested 
the white metal collar sometimes worn by his sire. But similar rings round the 
legs and tail rather discredited the view that the white neck-ring was in any way 
related to the sire s nickel-plated collar. Telegony was sometimes said to be due to 
maternal impressions. It was doubtless for this reason that I was urged some 
years ago to carefully prevent the mares used in my experiments from seeing too 
much of the zebras. But though numerous foals have been bred from mares 
stabled with zebras or grazing with richly striped zebra hybrid.^, not a particle of 
evidence have I found in support of the maternal impression doctrine. The foals 
have neither stripes nor upright manes, and do not even attempt to mock the 
weird barking call of the zebra. Sheep and cattle, goats, rabbits, and guinea*pigs, 
fowls and ])igeons, have simply coiilirmed the results obtained with horses. This 
being the case, grooms may very w(‘ll omit following the practice (considered so 
essential in Spain during the Middle Ages, and still often religiously observed in 
Ihigland and America) of setting ‘ before the mares . . . the most goodly boasts ’ 
l)y way of hinting to them the kind of foals they are expected to produce. 

The Needs of the Organism as a Cause of Variation. 

No recent biologists are perhaps prepared to believe like Lamarck that the 
wings of birds were developed by their remote ancestors making efforts to fly ; that 
by stretching its toes the (>1101* acquired webbed feet ; nor are they prepared to 
find in our new mammal, the Ocapi, evidence in support of Lamarck's contention 
that to meet new needs the g-iraffe hy much stretching gTadually lengthened his 
neck. Yet it is dillicult sometimes to see any real <lifference between the beliefs 
of the lu'w Lamarckians and the old. It is maintained, for example, ‘ that when a 
certain functional activity produces a certain cliange in one geiuTation it will pro- 
duce it more easily the next./ floundens and their allies by constant eflbrts 

generation after generation have dragged the left eye to the riglit side, while by 
similar efforts in the turbot and certain other flat Ashes the right eye has been 
shifted to the left side. It is not alleged by Neo-Lamarckians that globe fishea 
resulted from round fishes blowing themselves out, or that flounders resulted from 
round lisbes generation after generation making efforts to flatten themselves. If 
by germinal variation and selection flounders wrere evolved out of round fishes, 
IS it not straining at a gnat and swallowing a camel to refuse to admit that by 
the .same factors the loft eye of the flounder has been transferred from the left to 
the right side of the head ? In the flat Ashes it is not difiicult to imagine how by 
variation and selection the eyes originally acquired the power of responding to 
certain external stimuli. 

’ Biobya Quarterly, Autumn Number, ISOO, p. 163 . 
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The Direct Action of the Environment and Use- Inheritance as Causes 

of Variation. 

Of llie doctrine of tlio transmission of acquired characters, still so oi'tcn the 
subject of discussion, I need say little more than that 1 have failed to discover 
any evidence in its favour. Writing in l.S7(l, Darwin says, ‘ In my opinion the 
^a-eatest error which I have committed has been not allowing suiricient weight to 
the direct action of the environment, i.c., food, climate, i&c., independently of 
natural selection.’ ' Darwin not only in his later years reverted to the teaching 
of Buffon, but, in as far as he continued to believe in tlie ‘ inherited effects of use 
and disuse,’ ho adopted the views of Erasmus Darwin and Lamarck. AN'hile 
admitting that the direct action of the environment on the soma and use- 
inheritance are indirect —it may be potent — causes of variation, I do not belitwt; 
there is any trustworthy evidence in support of the view that definite somatic 
variations are ever transmitted. 

Telcyony as a Cause of V^'-riation, 

,01 

The belief in telegony is less deserving of lont ^icration than tlie doctrine of 
the transmission of acquired characters. Neverthe '^s 1 perhaps ought to refer 
to it at greater length, not so much because of its scientific importance, but 
because it interests all sorts and conditions of men in many difrerent parts of the 
world. Telegony infection of the germ ’ of older writers) means that not only 
the immediate parents but also the previous mates (if any) contribute to the 
characters of the offspring ; that, c.//., a mare which had produced foals to, say, 

* Ladas’ and * Persimmon’ might tliercafter give })irth to a foal by * Flying Fox,’ 
to which * Ladas ’ and ‘ Persimmon,’ as well as the act ual sire, contributed some 
of their characteristics. !Many even think a sire may trjiripmit definite structnral 
characters from one malt* to anotlier. If there is such a thing as telegon\, if it is 
possible to blend, without the risks of intercrossing, tlie characteristies ol‘ M*veral 
individuals or varieties, progre.ssiv(‘ development would be greatly acct*l(*ratod. 
Though the doctrine of ‘ infection ’ has probably long formed part ol the breeder’s 
creed, it received but little attention from men t»t’ sciiMice until in IS20 Jjord 
I\Ioitoii communicated a case of infection to the IJo\{il Society, which in due turn* 
waspublished :n the ‘ Philosophical Transactions.’ In this the most credible and best 
aiitheuticated of all the cases of telegony <m recor»l acliehtimt mare, after rearing a 
quagga hybrid, produced to a black Arabian horse three foals of a peculiar bay 
colour, one of them (a tilly) shoving more stripes tJian the quagga hybrid, and, 
according to the stud groom in charge of * the colts,’ characterised by a mane 
^ which from the iirsL was short, stiff’, and u])right.’- Darwin, after fully 
considering Lord Morton’s case, came to the conclusion that the chestnut niaie 
had been infected, and this case along with others led him to believe that the 
first male inffuenced ‘the progeny subsequently borne by the mothe.r to other 
males.’ ^ If the upright zebra-like mane in one of the ]mre-bred colts and tin* 
markings on all three w’ere the result of the chestnut mare having been lir-st 
mated with a quagga, there is undoubtedly such a thing as telegony, and the 
presumption is that other mares finst mated with a quagga or zebra and then with 
a block Arabian would give birth to striped offspring with a stiff’ if not quite, 
upright mane. The evidence that from the first the mane of the filly was short, 
stiff’, and upright is most unsatisfactory. It con.sists of an allegation by a stud 
groom. That the mane was upright, as in the rpi^^a and zebra, is it priori 
improbable, (1) because the mane of the quagga hybrid instead of being short and 
stiff’ was long and lank enough to arch to one side of the neck ; { ’2) Ijecaiiso the 
mane of zebra hybrids throughout the greater part of the year is so long that 
it falls to one or it may be both sides of the neck ; and (ff ) because in the Equidai 

* Life and Letters : Letter to Moritz Wagner. 

’ Ehil. Trans.. 1820, p. 21. 

* Animals and Phnis. vol. ii. pp. 435, 43C. 
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iin upright maiic is always accompanied by a tail deficiejit of hairs at the root — 
in the filly the tail is as perfect as that of Iier Arab eiro. have still stronger 
evidence that the allegation of the groom was unfounded from drawings (of the 
chestnut mare, her three 'colts,* the black Arab, the qiiagga, and the quagga 
liybrid) by Agasse, a very reliable aiiiiiial puinttjr of the early part of last 
century. In the drawing of the iilly the mane is represented as lying to one side, 
as in Arabs and other well-bred horses. The pictures (now in the Alusciim of tho 
Koyal Colh‘ge of Surgeons, London) wen* made? because the subsequent foals 
were believed to prove tin; truth of tin; * infection ’ doctrine. IIa«l the mane of 
the lilly been i*reet it would hardly have escaped the, keen ey« s of the artist, 
lint hud Agasse by any chance missed this all-im)>ort ant detail. Lord Morton or 
some of those interc'sled wf)uld d(juhtless have called his attention to the matter. 
If the mane of an Arab is coiujdetely removed early in the spring il is slitf, and 
ii])right in the nutuiun, but liaiiging t(» one side close to the neck in tho following 
summer. When the whole circum‘»tances are taken into consideration, there 
Miems to me no escape from tht; conclusion that tho mane of the lilly was upright 
when seen by Lord Morion in August 181?0, and lying to one side w'hen painted 
by Agassi) the following summer, because it had been regularly cropyied ru* at least 
hogged some mouths before Lord Morton's visit. Ihit whatever be the explanation 
of the want of agreement between the mane as seen by Jjord Morton and as 
depicted by Agasse, it will, 1 think, lie admitted that the evidenee atforded by the 
mane of the lilly In hardly siilhcient to establish tin* truth of the doctrine of 
telegoiiy. Of still less value is the evidence allbrJed by the make, coat-colour, 
and markings which were apparently too indistinct to deserve the name of stripes. 
The colts were decidedly Arab-like, of a liay colour marked more or less ' in a 
darker tint.’ Judging from Agasse’s drawings they closely resemble Arab-Indian 
cro'Jses ; they are, in fact, in make \erylilo* tho Arab-Kathiawar horse already 
referred to. 1 have seen a hay lliglilan<l <*ob with as many stripes as Lord 
-Morton’s ciilts, ainl pure-hred Arabs of a dun colour with stripes rm the neck and 
far more distinct leg bars than tho-o d<>picted by AgasM'. I believe the colts 
owed their stripes and colour, not to ‘ infection ’ of their rltim by her previous mate 
the (piagga, hut to reversion. It is (juite ]»osMbb* tlie black Arabian Inn-so was ot 
mixed origin ; that the chestnut mare was crossbred is admitted. -Vs in the west 
of Ireland tht; oilspriiig uf black and cbe.^tnut ]u)nies an* sometimes of a 
decidedly dun colour, it is not surprising that the black Arab and the half-bred 
chestnut had bay oifspring. Neither are the stn])»‘s surpiising. 1 recently ascer- 
tained that llio chestnut man* was presented to Lord Morion (while serving with 
his regiment in India) by one of his ollicers — ^Ir. Lo.swell of I)e('side, Aherd»*on- 
shiiv- and that she was ino.-t likely a cross between an Arab and a countr\-bred 
pony. Ill Kathiawar tlie pruiie*- when juire-hred art' of a rulous grey enlour and 
juon; or les.^ ricdily striped. If in the chestnut maro there was any Kathiawar or 
even any native jioiiy blood its oifspring to a black sire niighl have been expected 
to be of a dun colour and striptni. In a -word, then* is no reanm for assuming 
that the foals w'ould havt' been b'ss stri|i4'd if tht* chestnut mare had been mated 
with the lilack Arab lirst and the quagga afterwrards. 

Hy way of testing tho truth of the ‘infection' doctrine f flnrted, in iSOo, a 
number of e-\j)erimeiite, and especially arranged to repeat as accurately as possible, 
what is commonly called Lord 5lortoii's experiment. Since t hen i welvt* mares, after 
producing sixteen zebra hybrids, a mule, and a hinny, lia\e had an opporliinity of 
supporting tho tologony hypothesis by gi>ing birth to twenty-two pure-bred foals. 

During tho same period Baron do Parana of Brazil lias bred at least sLx zebra 
hybrids, and some of tho dams of these hybri«ls subsequently pvoduei'd ordinary 
foals. Further, Baron de Parana has for a number of years been engaged in 
crossing cattle and in watching the results obtained in several mule-breeding 
establishments, where from 400 to 1,000 brood marcs are kept. As in these 
eslahlishmenis the mures breed mules aud horses alternately — two or three mules 
and then a horse foal — there has been carried on for some ^M*ars, under the observa- 
tion of Baron de Parana, a telegony experiment on a gigantic scale. 

Tho single hybrid bred by Lord Morton bad extremely few £trijies, and only 

Y y 2 
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in a remote way suggested a member of the zebra family. All my hybrids, like 
those bred in Brazil, have more stripes than their zebra sire, and in some of them 
the bands are nearly as conspicuous as in some of the zebras, thus provinjr that 
both the mares (which varied in colour and breed) and the two zebra stallions 
used were well adapted for the experiment. The results of my experiments, not 
only with the Equidaj but also with other domestic quadrupeds and birds, all point 
to the conclusion that there is no sucli thing as telegony, and the same conclusion 
has been independently arrived at by Baron do Varana in Brazil. Believers in 
telegony — tliey are numerous in America, India, and Aiisl,ralasia, as well as in 
England — almost always say of the many expenments recently made with a view 
to giving Mnfection ’ a cliance of showing itself, tliat they liave only yielded 
negative results, and they generally add, it is impossible to prove a negative. After 
carefully considering all the more striking so-called ca*^es of ‘infection,* I hav(i no 
hesitation in saying that there is no satisfactory evidence that there has ever been, 
either in the human family or amongst domestic animals, a single instance of 
‘ infection.* 

I have in a hurried and imperfect manner indicated that wo are not likely to 
find either in maternal impressions, the direct action of the enviroiimeiit, use- 
inheritance, or telegoiiy a true cause of variation. I have endeavoured to point 
out that, instead of simply stating that variation is due to the constant recurrence 
of slight inequalities of nutrition of the germ-cells, we may with some confidence 
assert that differences in the age, vigour, and health of tlu' parents and differences 
in the ripeness of the germ-cells are potent causes of variation. 

I have also endeavoured to prove that intercrossing, though a direct cause of 
retrogressive variation, is only an indirect cause of pn^gressivL* variation, whili* 
interbreeding (in-and-in-breeding) at the right moment is a cause of pregressivo 
varial ion. 

Further, I have discussed at ,v>me leiigih Ui(‘ sw{im]>lug ellccls of inter- 
crossing, chiefly with the object of showing (1) that progress in a single diivetiou 
is probably oftefr duo to new varieties .swamping old, it may bo long-e'»labli.sb(*d, 
varieties; and (2) that several varieties maybe suilicientlv (‘\clu'*«ive li’‘ finurisli 
side by side in the same area, and eventually (partly owing to tboir aloofness, /.e., 
to diiiereiitial mating) give rise to several now S])eeu‘.s, 

I have only now to add that I wn.s mainly led to select ‘The E\]ie!imental 
Study of Variation * as the subject of my a<ldress that 1 mig-ht indirectly indicate 
that the time had come when a well equippe<l institute should he provided for 
biological and other experiments. 


The following Papers and Reports were read: — 

1. The Pelvic Cavity of the Pur poise (PluKacna coinnnmis) ns a yvide to the 
determination of a Carrol Jley ion in Cefarta, JUj David Hki*iiiji:\, 
Jf./)., F.R.S.E,^ Lecturer on Rcffitnial Anatomy^ and David Watkr* 
STON, 21. A. ^ AI.D.y F.Ii.S.E,, Demonstrator of Anatomy ^ (Jninrsity of 
Edinburgh. 

Among Ctdacea the absence of hind limlw renders it dinieult to determine from 
external examination where the trunk of the body ends and the tail begins, but 
u])on the skeleton the iiresence of chevrons enables us to differeiitiato the caudal 
from the so-called lumbar vertebne. No means of subdividing the lumbar viTte- 
brie into lumbar and sacral - i - V.. vi:. : hitherto been suggested, llie authors are of 
opinion that a key to such ■■ .',;i.vi-'. :: maybe found in a study of the vertebral 
relations of the pelvic cavity. They have determined the existence of a true pelvic 
cavity in the corainou porpoise. This cavity corre.sponds to five pr/e-caudal verte- 
bra), and its anterior end is opposite the llUth vertebra behind the skull. The 
authors have examined the vertebral columns of a number of four-footed mammals 
and find that the first segment of the fused sac rum varies in position from the 
27th to the 31 st vertebra behind the skull. Among Cetacea they find that 
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while allowing five prae-caudal vertebrie for a sacral series, there is much 
variability regarding tlie position of the first sacral segment. Thus, among cer- 
tain jMystacoceti, it would occur from the 27th to tlio 31 st vertebra behind 
the slmll, but in Ilalscnoptera sibbaldii at the 33rd or 34tb. Among tootlied 
whales (Denticeti) the variability is much greater, especially among Delphinidie, 
not only in different species, but even in different specimens of the same species 
and in different sexes, for the first sacral vertebra may he situated from the 27tli 
lo the 43rd vertebra behind the skull. 

Notwithstanding these differences, the position of the pelvic organs indicates 
that they are due rather to variation in the number of dorsal and true lumbar 
vertc'braT than to incr(‘aso in the length of the sacral region. I'herefore, from the 
position of the pelvic organs and the presence of a peritoneal cavity (pelvic) in 
(letacea, and also the common occurrencii of five vertebno in tbe sacrum of <^uadru- 
pedal mammals, the authors believe that among Cetacea five prse-cauclal vertebra? 
might fairly bo classified as sacral, o^‘* conversely, that the sacral series of vertebrm 
might be reckoned from tlio inlet of th(» peritoneal pelvic caviiy to the first of the 
chevi’on -hearing or caudal vert(‘brjo. 


2. TliP. Rt^Jationalnpft of ihn Prnoinyilln in Benrft. 

By RiCTfARD J. Anj)ERsox, J/./>., Professor of Xatural History, Gcihray, 


The preniavilla proents many features of interest because of its rt^lations to 
other bones iu the ‘<aine animal, and to the same bone in otheraiiinmls. also because 
of the peculiar ])o>it ion hicli was assigned toil in the vertebrate theory of the 


bkuil. 

This hone in the 


Ijears articulates with the frontal, and difiers in this respect 


from tlie ])()sition of the Ijone in otlu*r canii\ora. The following summary repre- 
sents tlie facts in the ^pel•ie^ examined: — 


Ursns pijremms , — The (li>tance from the alveolar margin of tin* pn'inaxilla 
to the nasii in tin* ini«ldl(‘ liu(‘ is inches. Tlui uaso-preinaxillary suture is 
3 inches iu Imijilh. Tlie ])n‘ma\illa 1 inch wide below by inches in length. 
The nasal is 3 iiiehes and the maxilla 3*; inches. The maxilla is thus shut out 


from the nasals. 

Ursus lahiidm. — Tin* h'Ugtli of the skull here is 1 foot and the preinaxilla 
4 indies. Tlie preinaxilla ^ nearly | incli neross at the lower end of the 
nasals. The ineasiinmn'iit from the iiici.-or alveolar inargiii to the lower border 
of tin* nasals is incln*^. The naso-preinaxillary articulation is 2 indies in 
length. 

Ursits arcton. — The hmgtli of the skull is 1 foot 2 inclu's; nasals, 3^ inchea 
by .V ineli liroad ; pri*nia\illa, J j indies long by jt inch liroad. This may 
be coinparetl with the la>t. The distance of the alveolar margin from the 
lower border of the nasals is 2-; inches. It is 1 inch from tin* iia>al edge to 
the ])oiiit of articulation with the frontal. Tin* naso-preiiiaxillaiy suture is 
2^^ indies. Hrowii hear has a iiaso-m axillary suture (Ow’eiib 

The preinaxilla of the llinialayau bear readies furl In ‘r up and baek than in 
Iji\''Us arctos and lb labiatus. Alveolar margin lo nM.-al is 2} indies; iiaso- 
preiiiaxillary suture, J;; iiu li ; preiiiaxUlarv maxillary suture, 3J inches. 

Jleiiarcfos has a skull 1 foot in h*ngth.' The iiaMil is 3 inches and premaxillary 
4 inches long. The alveolar margin is 2^ inches distant from the nasals. The 
naso-prcmnxillary suture 1.J inch. 

Ursifs maritimns has nasals 4 inches long and preniaxilho 3 inches. Tlio 
nasals appear to reach higher than usual. The distanee of the low-er border of 
nasals from the alveolus is 3[ indies; tin* naso-])ri‘iiiaxillarv margin is IJ inch. 

The fen hear, an ancient variety of Ursus arctos, whieh is sometimes found 
ill Irish hogs, has a ])remaxill.iry niaxillarv suture. inches long, and iiaso- 
preniaxillnrv I’J inch (a little less than in V. maril Imus) ; the alveolar margin 
In nasal, 2‘| inchi*s. This and oIIut speciiiiciis were kindly placed at my disposal 
in the Kildare Street Museum, Dublin. 
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It is thus observable tliat, whilst in some specimens the Himalayan and 
white bear) the nasals appear to be proportionally longer (reach higher up), there 
appears to be tolerable uniformity. 

Comparing Kindred Genera . — Ilerpestes has an . ■ similar to the 

bears. The specimens examined belonged to the ( . . rgeons’ Museum. 

The marten has premaxillfe that nearly touch the frontals. In Genetta tigrina 
these bones ap])roach, and in the specimen examined the premaxilla of the left 
side touches the frontal. The premuxilho in Procyon lotor reach almost to the 
frontal. Mellivora cape^ms has a naso-maxillary suture three-eighths of an inch 
long. 

The Canidffi approach the Ursida? in only some of their species in tlie character 
of the connections of the premaxilla. Canis aureus has a naso-maxillary suture 
one-eighth of an inch long, or less. The t.ips of the frcjiituls and jjremaxillae 
approach in tht' fox, whilst in a St. IVniartl tlog .*1 inches may be interpoaf*d 
between the niaxillaries and frontals. Hence we see that in the Canidai there is 
less uniformity tlian in the Ursidfe. 

The common otter (Lutra vulgaris*) and the sea otter do not show any articu- 
lated frontals and premaxilla'. Tht* grey seal, common seal, and walrus show 
no res»‘mblance to the bears. 

The whales, Mesoplodon, Orca, and the dol]>hins, on the otht'r hand, have 
gi’catly elongated premaxilhc with greatly reduced nasals, whilst in the Sirenia 
enormous development of the former corresponds with abortion of the latter. 

The gi’eat development of the premaxillce in rodents and elephants, as in th(» 
dugong, seems to be associattnl with llie large incisor teeili, but the hyrax is mort^ 
lilfe the Mucropus in this regard. The premaxillm in lemurs, monkeys, and ant- 
eaters are short and attached In their upper ends to the nasals; they are not much 
concerned in the elongation of the skull in the latter group. Tlu^ skull of Myrmo- 
cophaga jubata, 14 inches long, has nasals 7 inches, but ])rema.villje very short 
and set perpendicularly to the nasals, the external inf(*rior angle of which they 
touch. The apparent separation of a portion of the Irontal ]»ai‘t of tlio premaxilla 
^peurs to be the result of a wormian o.ssilicatitni such as is seen in tln» gorilla. 
The ^accessory premaxilla * found in relation with the pn'inaxilla in monotremes 
.seems to haxu* no representative in mammals (Van Jlammeleu).^ It seems, there- 
fore, that — 

(1) The Ursidof' have the premaxilla usually articulating with tin* frontal. 
The suture may occupy a higher level in some forms. 

(:2) That in the Procyni, marten, and Genet ta the hones nearly touch. 

(3) Some (^^anidge resemble the b(*ars in having the maxilhn almost separated 
from th(* nasals. 

(4) That the otters and common j-c*als dilh'r from the bears in tliis regard, as 
also does the walrus. 


3. Keport on the Migration of Birds in Great Britain and Ireland, 
See Reports, p. 301, 


4. Report on the Occupation of a Table at the Zoological Station^ Kaplcs, 
See Jloports, p. .354. 


5. Report on the Occupation of a Table at tim Marine Biological 
Laboratory^ Rlymonth . — See Reports, p. 370. 


G. Eeport on the ^ Indey Animal — See Reports, p. 3G2. 
* Meckel, Owen, Turner, De Tllainville, &c. 
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7. litport on iho PJanlcton and Physical Conditions of the Enylish 
Channel , — Son Reports, p, 


Ehrmth Peport on tlip Zoology of iho Sandicich Islands, 
See Reports, p. r»rrj. 


P. P>'port on thf* Coral liccfn of thf* Indian Sop Reportr, p. SG3, ‘ 


VRIDAY, RF.VTEATnim 13. 

Tlift following Papers were read ; - 

1, The Coral Isla^irls of the AJaldivesA Py J. Stanley Gardiner, Jf,A. 

The Alaldive Archipelafyo to the south-wePt of Ct‘ylon is made up of a largo 
series of comparatively shallow banks separated from one another by channels of 
about 170 fathoms in deptli. They extend north and south as a chain, double in 
the centre, for n.jO miles. All are covered with coral reefs arising to Iho surface. 
Some banks have on tlieir circumferences the single n;iir->hap»*d reefs of perfoc^ 
atolls, while others are studded witli numbers of small isolated reefs many of 
which are of circular form with shallow lagoons. The two classes of bank merge 
into each oth(‘r, and tlie changes taking place at the present day are such that 
the atolls may naturally be supposed to have arisen by the fusion of the smaller 
ret‘fs. 

All land in tht* ISIaldivo grouj) owes its origin directly or indirectly to 
elevation and in most atolls is very markedly washing away. Everything points 
to a state of rest at the present day. The atoll reefs are perfecting themselves on 
all sides, and their passages are closing up. The reefs, howe\er, are not 
broadening, but to a certain point narrow as they become mort* perfect. The 
central basins of atollons are e\erywhere coining into tree communication with 
the lngoon.s of the atolls. There is no trace ■whatever of the tilling in of the 
lagoons ; indeed, such evidenen as was found pointed on the contrary to their 
further widening and deepening, and to tin? gradual destruction of the shoals and 
lands within their eiicirclii g reefs. The Maidive group certainly marks the 
existence of an ancionl land area, but the changes going on are not consistent 
with the view that the reefs wore built iij) on the subsidence of the land. Tho 
various reefs appear rather to have grown n]> separately on slight eleAations of a 
common plateau at a depth of about lAO fatboiiK, wliile the plateau its(*lf seems 
to have been formed by flio washing away of tln» original laud by wa\e and 
current actions. 


2. Oil a Method for lieeordiny Locaf Eannns. 

Jjij Edward J. Blks, Ji.Sc, 

It is evident that faiinological work is the basis upon which zoological 
investigations of all kinds are founded. The important quoslions connected 
with tho study of ('iivironmeiit — siiic<» the biological no less than the physical 
environments of any particular organism must, lx* taken into account — dt'peud for 
tlieir solution on an accurate* and complete knoAvledge of the associated fauna and 
llora. There are unlimited opportunities for work on this fascinating subject at 

' For a full account of these islands see The Faunn ami (irofiraphy of Ihr MaU 
{Urea and Lacradirea, Camb. Univ. Press, vol. i., part 1 (October 1.5, 190i) and part 
2 (in the ])reFs). 
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our own doors, and for this roason alone, tliougli there are many others equally 
weighty, the compilation of our own local faunas is most desirable. 

The scheme proposed ^ consists in the formation by natural history societies 
of card or slip catalogues of species on a similar plan to the library catalogues 
first devised in the United States. To facilitate reference each card would bo 
filled in on a uniform plan with the name of genus and species say at the top 
left-hand corner, and columns or spaces for locality, date of capture, recorder, 
means used to identify the specimens, remarks, in fact any data considered desir- 
able. The number of cards or slips assigned to each species need not be limited, 
but would depend on the number of localities and other details thought necessary 
to be recorded. The slips might vary in colour to indicate which entries are taken 
from literature and which are due to personal observation, to denote extinct species 
or those of economic importance, or to make any useful distinction. The slips would 
be arranged on files on a definite system and with the use of the well-known 
devices for dividing into groups. 

An extremely desirable feature of the scheme would be that each slip should 
be represented and the species authenticated by a specimen in the local natural 
history museum. The slip could easily bear a reference to the particular specimen 
in the collection, and as the catalogue became filled up it might be placed in 
some local public institution where it could at any time he utilised by natu- 
ralists. 

In this manner all the information collected by the members of local .societies 
could he brought together, from whatever source obtained ; and there is no reason 
why the fauna of a given district should not in coume of time be completed in the 
same sense as the British flora of flowering plants has been completed. 

The district need not necessarily supply the specialists for all the groups of 
animals. Specialists at a distance would in many cases be pleased to work out 
collections carefully furnished with localities, &c., and thus supply the data for 
filling up slips. 

This scheme not only allows of the widest co-operation by bringing to a focus 
both the results of systematic work and that of a more desultory nature, but also 
favours the co-ordination of faunistic observation, since overlapping of work 
would at once become apparent, and the gaps caused by neglect of certain groups 
of animals would declare themselves, and thus attention and interest in filling up 
the deficiencies would be invited. 

Another advantage is the fact that the scheme can be started at any time by 
filling up any number of slijjs, however small, and tliat tlieii all additions whether 
made singly or in quantity will at once find their proper places and by accumula- 
tion eventually bring the list nearer and nearer to completion. 

The present time is ripe for the commencement of this work. There seems to be 
no reason why it should be deferred, and a strong argument in favour of the asser- 
tion is given by so highly competent a body of naturalists, the German zoologists, 
having committed themselves, and no doubt wisely, to that great undertaking 
^ Das Tierreich.’ 

It is, I think, desirable to consider whether some body of English naturalists 
with the necessary authority, say the Committee of tlie Conference of Delegates to 
the British Association, should not see to it that the local Natural History Societies 
of the United Kingdom adopt some such plan of record upon one and the same 
system. Such a body of naturalists could draw up the most generally convenient 
and useful form of slip and impress upon the Societies the value of cataloguing by 
its use in a uniform manner the fauna of the whole country. Having the method 
provided would perhaps encourage some societies to take up the work. 

Political divisions and areas surrounding large towns are not often of zoological 
value. The results obtained by this larger scheme would eventually have to be 
rearranged according to the natural features of the country. By making the slips 
all uniform the final rearrangement would be enormously facilitated, if not 
reduced to the minimum of labour. 

^ First suggested by myself to the Cambridge Entomological and Natural History 
Society in a paper read on April 26, 1901. 
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In concluding, I must acknowledge the assistance I have obtained by dis- 
cussing the local scheme with the members of the executive committee of the 
r V hr* 1 . Entomological and Natural History Society, which intends commencing 
I ‘ ■.■Cambridgeshire on the lines suggested, 

3. f^ome Notes on the Behaviour of young Gulls artificially and naturally 
hatched . — See Reports, p. 378. 


4. The Theory of ‘ Germinal Selection ^ in Relation to the Faets 
of Inheritance,^ By Professor J. Arthur Thomson, M,A, 

The aim of this communication was to test AVeismann’s theory of germinal 
selection by using it as an interpretation of some important facts of inheritance. 
The author gave a brief abstract of the theory. Jt is an extension in the applica- 
bility of the general idea of natural selection. To Superorganic ^ selection, 
ordinary * individual’ or ‘personal’ selection, Roux’s ‘histonal* or intra- 
organisraal selection, Weismann has added the idea of a struggle among the 
determinants within the germ — germinal selection. 

The author indicated the importance of a form of struggle between Roux’s 
histonal selection and AVeisinann*s germinal selection, nameh', the struggle between 
gametes or potential gametes, e.g.y between young ova, between sperms, even 
between ova and sperms. A vivid realisation of this visible struggle, and the 
sometimes discriminate selection which it implies, may lead naturally to an 
appreciation of germinal sehiction which deals with th(^ wholly invisible. 

The following extension of Weismanii s idea of germinal selection was pro- 
posed as logical and necessary Just as there are three types of individual 
struggle, (1) between kindred organisms, (2) between organisms not akin, and 
(3) between organisms and the so-called inanimate environment ; so there may be 
(1) struggle between determinants of the same character, (2) struggle between 
diiferent kinds of determinants (Weismaun), and (3) struggle between all or any 
of the determinants and the somatic or more external environment. 

After stating the advantages of AVeismann’s theory and possible objections, 
the author proceeded to lest it in relation to various facts of inheritance: — 
(1) The frequently anomalous and unpredictable nalun* of the results of a pairing 
even when the pedigrees are well known; (2) the phenomena of preponderant 
and exclusive inheritance ; (3) some of the results of the ‘ Peiiycuik experiments’ 
on the importance of the relative ripeness of the gametes; (4) some well- 
established cases of true reversion ; (5) the supposed greater .‘^lability Jiiul domi- 
nance, of the phylogenetically older characters ; (0) inbrei*ding ; (^7^ different 
modes of variation, including be AVies' mutation ; and (8) the indirect effect which 
exogenous changes may have on tht* germ ]dasm. 

The author’s conclusion w'as that AA'eismann’s theory of ‘germinal selection’ 
justifies itself provisionally as a formula unifying a large number of otherwise 
unrelated facts of inheritance. 

5. The lleterotypical Division in the Maturation Phases of the Sexual 
Cells. By Thomas H. Rrvck, M,A,, M.D. 

Of the features of lleterotypical Alitosis the one generally selected as distinc- 
tive is the ring form of the chromosomes, each ring being considered to arise from 
the incomplete separation of the two products of the longitudinal cleavage of a 
primary chromatin rod. The manner in which these ring chromosomes are 
resolved has been variously interpreted. For the purposes of this note it will 
suffice that three interpretations bo summarised, thus 

* The paper will be included in the author's work on Heredity (John Murray, 
1902). 
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1st. The rin^s ave drawn out on the spindle, and break into V-shaped daughter 
chromosomes. 

In the anaphase in some cases each daughter V is found again divided into 
two V’s, and tlie secondary cleavage is held to be longitudinal. In other cases 
the break at their apices into double rods by a cleavage held to be transverse. 
No solution of this contradiction is found along this line. 

2nd. The rings are doubled up on themselves and are rosolved by being 
reopened along the plane of the bend. There is a second longitudinal cleavage 
seen, but it is only apparent. Variation in tlie form of the chroniosonn*s is 
explained by variation in the degree of the cleavage, by vnriation in the insertion 
of the traction fibres, and by different degrees of bending of the rings (Farmer and 
^Moore). 

ord. 'Ihere is a real second longitudinal cleavage which appears in the 
metaphase, and is completed in the anaphase of the tirst ^Mitosis. Thus daughter 
and ,L'i;iii(ldain:htor chromosomes are formed in the course of the first Mitosis, the 
second 31itosis merely distributing the granddaughter chromosoini's (Gn*goire, 
St rn^h.n-j. ", inOO). 

'lliis view of the heterotype serves in Stm^hiirger’s latest work to explain all 
the phenomena in plants — ditrerenc<'s arising only from the manner in which the 
double rod prophas(» figures are placed on the spindle. In the animal series only 
(‘arnoy and Le Brim and Janssens adopt the idea of the simultaneous doiibh^ 
longitudinal cleavage in Triton. 

\Vhen true tetrads occur the first Mitosis is not strictly heterotypical in 
character. In recent studies of the phases in Echinus T have found typical 
tetradal bodies, never rings, yet the first Mito.'^is is lieterotypical in character, and 
my results show that part at least of the proiilem of reduction lies not^ ns has been 
held, in the determination of the orifjinj but rather in the fate of the tetrads. 

Thus in P]chinus escuhmtus there are sixt(*eu tetrads, each consisting of a ]>air of 
sliglitly curv(Ml hilobed rods hing back to back. The tetrads come to lie radially 
on the tirst polar spindle, h^ach is opened out like a hinge from within outwards, 
while at the safhe time a .second longitudinal cleavage is taking place from without 
inwards. Lozenge-shaped figures are produc(‘d : these* elongate greatly and 
ultimately break at the equator into two VH which again in the anaphase break 
at their apex to form two short bilobfd rods lying back to back. This apical 
splitting is the com])letion of the second longitudinal splitting. Tht*se hilobed 
rods pass unchanged into the second ^Mitosis, arrange themselves radially on lh(5 
spindle, are opened out and separated from one another as the granddaughter 
chromosomes, formed in tin* anaphase of the J.st Mitosis by the second longitudinal 
cleavage. In the .second polar body each remains as a -^liort hilobed rod, but in 
tin* ovum each greatly elongat(*s into a sharply bent V. This change in tlie .siz(* 
of the chromosomes is important as indicating the r4*laxation from tin* very con- 
densed condition of the chromatin rod.s characteristic of the divisions witli the 
reduced number of chromosomes. 

Applying the hyiiothesis of ‘ Pseudo-reduction’ (Hacker and lluck(‘rt) to the 
facts observed each half of thf* tetrad might 1 m^ considered to represent two 
chromosomes united end to end by the omis.sion of the last st'gmentation of the 
chromatin thread. 'I’hrough all the ])hiiscs tlie fate of each lobe or sphere of the 
tetradal body can he traced. The facts can b* expr(*.ssed in the usual formula, 
thus, for cacii of the sixteen tetrads: — 
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2nd Mitosis, 



reduction would bt* only apparent tbrouglioiit. 

J have been unable to deterraiiu^ whether the tetvpi,ds arise by the omission of 
the last stajre of the .segmentation of the chromatin thread or by conjugation, but 
a.s eaeli t'loment is twice hmgil iidinalh divided in tlie heterotypiral division, the 
chromatin i.s equally distributed between the ovum and the polar budi<‘S, and there 
is no question of a reducing division or of unequal distribution of ‘ qualities.’ 

Whether the idea of ‘pseudo-reduction’ as representt‘d above bo accepted 
or not, the essential feature is a reduclion in bulk merely. The chromatin .sub- 
stance i<, in Kcliinus e-eulentus, pjifked in llu‘ maturation jdiases into sixteen 
instead of ihirty-two chromosomes. In view of the fai t -whether the hy]>oiliesis 
of the ‘ riuli\idnality of the (’hromosomes * be accepted or not — that the syw?c 
number of chromosomes alwjivs emerge from a ilixiding nucleus as entered it, 
this reduction in bulk of the chromatin may ver\ well ben character 

acquired to maintain tlie number of chromosomes constant after the union of the 
nuclei in fertilisation. 


0. Thf' Finh* s of the i^oats Arrtic F.t'ppflifion, />// W. S. llitrcK, 

Itpriot RvspnYch FpIIihv if Edi nim njh U n ? vorsity. 

The author gave an account of the fishes collect»‘d b\ the (’oats Arctic Kxpe- 
dition in IHilS, \vith which he sailed a> zoologist. Mr. Amlrtwv (’oats, id Paisle\, 
residved to undertake a \o\agetotlie Arctic regions in iSt^S in Ills yacht ‘llleu- 
cathra,' now' ‘ Pandora.’ The ‘ lUencathra ’ had jirevimisly been used for Arctic 
exploration by »Sir Allen Young and Air. Po]»ham. < hi hoanl there was the 
essential ap|)aratus of an exjiedition, tit ted out for oceanoura]>liical research, \iz., 
Jjiicas sounding machine, thermometers, wat er-)>oi t les, trawls, lrap<, and tow- 
nets. On the return of the expedition Air. (’oat'i contributed n coiisideralile sum, 
w'hich enabled the author to sort and cla.s>it\ the collection preparatory to a 
detailed examinatijm, which he has .since Im'cu making by the help of the 
( Jeorge lleriot Kesearch Fellowshi]», h]dinbur<rh riii\ersit\. So far the careful 
examination of the fishes constitutes the greater part of the w«)rk. Theiv, are 
fully 4()0 fishe.M in the collection, about. .<»ixty of which are adult specimens 
belonging to eleven species. Tin* author gaM* an acci)unt of these species, which 
he has examined in great detail. The collection is the first of any importance 
in the Parents Sea, and i.s useful in bridging o\er the gaps in the series obtained 
by l*a\er in 1871, and the author in IStMi in I’raii/ .bisef Jjaiid, and thosi» of 
tile more ri'cimt llussiun expeditions in 1808, 18VHb and lOCK) of the Murmnn coast 
of Arctic llussia. 


7. TliP Fauna of E rail’: Jospf Land, ////William S. IIrt’ce F.E,S,(7S, 
J/firiof lirsfvnrh Fellow of Edinhnryh Univo rally. 

The author gave a jirelimiiinry account of the collections of the .Tack.son-ITarms- 
worth Polar Kxpedition to Pranz Josef Jinnd in 180(1 07, Avhtui he nccumpauied 
that expedition a.s zoologi.st . 'Pile author was aide to .seeiire over 6(X) species of 
animals, by far the largest, ever olitaiiied by aiiN previous polar exfieditioii, and 
added about r)(X) sp(»cies to the ])re\ ionsly know n fniimi of J’Vanz Josef Land, Ho 
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made most of the collections in shallow water, near the shore, at Cape Flora ; but 
also in deep water, as, for instance, in the farthest nortli station, in 81® N,, where 
he dredged in 260 fathoms. Marine invertebrates form by far the greatest part of 
the collections. Three new mammals were recorded, viz., the Fin-back Whale, 
Narwhal, and Floe Rat (the smallest known seal). Also five new birds, viz., 
tbe Lapland Bunting, Shore Lark, Turnstone, Bonaparte’s Sandpiper, Purple 
Sandpiper. Among invertebrates the crustacean collection is the most remarkable, 
173 species being obtained. This remarkable number is greater than all the 
previously known species of animals of Franz Josef Jjand. Of these the author 
pointed out that there were ten species now to science, and that the striking 
feature was the recurrence in the high north latitude of species which inhabit 
British shores. Other classes of animals were also richly n^prosented in the 
collection. 

8. On llie Mechanism of iho Frog* a Tongue. 

By Prof. Marcus Haktog awe? Nkvil ]\Iaskelynr. 


SATUFDAY, SEPTFMDERli. 
The Section did not meet. 


MONDAY, SEPTEMBEU 10. 

The following Papers were read : — 

1. Dimorphiam in Foraminifera. By J. J. Lister, F.B.S. 


2. The Belation of Binary Fiaaion and Conjugation to Variation, 
By^. Y. Simpson, 

It is a 1 lii.j- generalisation that binary fission is mere duplication ; that 

the products of the process are exactly alike. The use of this generalisation in 
theory is obvious. In binary fission we do not look for variation ; accordingly we 
are left with an excellent rationale of conjugation, and so, finally, of sexual repro- 
duction, viz., a means to produce variation in the interests of evolution. 

A possible objection to the belief that binary fission is duplication may be 
raised on a priori grounds. Conjugation would still appear 1o be unconlirim'd in 
the case of the Amioboidoa. It, tlum, there was in) variation through binary 
fission, there could not have been evolution. 

The contention is not that there is always variation in binary lission, which is 
probable, but perhaps impossible to prove. Where it was not quantitative, it 
might yet be qualitative. In many cases quantitative variation cannot be esta- 
blished under a less magnification than (126. 

The species specially examined in this connection were Paramecium caudatum 
and Stylonichia pustulata. The points to which hitherto examination has bcjen 
restricted are : (a) the general outline ; (//) the total length ; (c) the extremest 
breadth ; (rf) the distance between the two contractile vacuoles (Paramecium) ; 
(c) the length of the middle caudal bristle (Stylonichia). 

In all these five points I found variation ranging in (/>) from 1 to 20/i, in (r) 
from 1 to 20/1, in (d) from I to 20/i, for Paramecium ; and for Stylonichia in (h) 
from 1 to GO/i, in (c) from I to 20/i, and in (e) from 1 to lO/i. The variation in 
(a) for either form is demonstrated by microphotographs. The general corre- 
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Bpoiidence in the figaves is due to extreme cases. The following are the statistics 
relating to the points i, c, d in \l for ten pair of Paramecium : — 



i 

.._.V ..J 

c 

d 

First pair . 

. 1 

16ij...lP0 ! 

45... 40 1 

100... 95 

Second pair 

Third pair 


iso...iU(> ! 

00.... 5.' 

105.. .100 


200.. .193 

15.. ..50 

HO.. .110 

Fourtli pair 

Fif til pair. 

Sixth pair . 


J 10.. .!.•>() 

■JO... -45 

80.. .S5 


ISO.. .190 

59... .55 

10.5. ..110 


230... 220 , 

00.... 50 

310. 

.105 

SevcMith pair 


2G0...210 

sr>...9o 

125. 

.115 

Eighth pair 


2^0... 200 ; 

SO... 0.5 

14.5. ..125 

Ninth pair 

Tenth pair 

• • i 

200.. .240 ; 

HO.. .70 

315.. .105 

1 

250... 230 i 

1 75. ..95 

120.. .110 


The following statistic?, also in relate to the points 6, c, d for live pair of 
Stylonichia pustulata : — 



Fii>t pair . 

210.. 

.230 

320.. 

.110 

3.5.. 

.30 

Second pair 

Third pair 

240.. 

.ISO 

110.. 

.90 

40.. 

,.?0 

230 . 

,.240 

no.. 

.ICO 

40., 

..40 

Fourth pair 

230.. 

.245 

315.. 

,.110 

3.5., 

..40 

Fifth pair 

230., 

..220 

90 , 

..no . 

35., 

..30 


Tlio measurement. s are for full-grown lonns, Imt tlio : i ;■ ; h ‘ *■ of Pani" 

Tnoeiuin show' vnriat ion at diHereiit s^tages of (le\elopment. Jlie variation was 
traced into the succeeding generation. 

Prom the fact that there is variation in hinavv IWiou ^v^' gt t additional natsor. 
for lioldiiig with Pngelmann, Maupas, and Uutsehli, as against Gruber, that the 
vegetative ]ihase of the life of the ciliata is primary, and w*e arc enabled to set' 
ill conjugation simply a de\ice whereby the waste involved in that process can 
be refunded. 


3. On (I nnw Form of Luminous Onjan. lUj W. E. Hoyle, J/.J# 


1. Fofvs on Some Bornean Insects, B\j Suelfoed, J/.vl. 

Orffinpfcra , — Two species of aijuatic cockronrhe.s — Fpilampra sp. and a 
Pan.estliihl — were found at the ha.^e of a waterfall on Mount ^lataiig, Jraraw'ak. 
All the s]jecimons wtue immature, hut adult forms have been discovered by Mr. 
Aunandalo in the Malay Peninsula ; the females are apterous. Tliese cockroaches 
swim and dive w'ell, Imt are soon drowuied if previ^nted from rising to the surface 
to breathe, agreeing in this characteristic with most adult aquatic insects. When 
at rest the Inidy of the cockroach is almost entirely submerged, the tip of the 
abdomen alone projecting above the surface of thi‘ w'.nter ; the abdomen moves 
gently up and down, and every 30-40 seconds a bubble of air issues from the 
prothoracic spiracle on each side. Apparently the terminal spiracles are purely 
inspiratory in function and the prothoracic expiratory. 

The eggs of the stick-insects of the genera Necrosia, Marmcfisoidca^ and Agon- 
dasoiden are not seed-like us are the eggs of other genera ; tw'enty or thirty only 
are laid, and those aro stuck in close-set vows on the leaves of the food-plant, 
not dropped promiscuously on tlio ground. The eggs are long and somewhat 
flattened ovals, w'hite or cream-coloured, with a delicate network of black pigment 
over the upper surface; there is no capital um. The young batch out in 10-14 
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days* aud the empty egg-shell is left adhering to the leaf to which it was originally 
fastened. 

It is notewortliy that Phasmidte, notwithstanding their wonderful protective 
resemblance to sticks and leaves, are the staplt3 form of diet of Trogons, 

JSeurvpteva. — A. remarkable Agrionid nymph, apparently nllied to Euphtea^ 
occurred with the aquatic cockroaches. The last segment bears three pear-shaped 
processes, aud a pair of tracheal tufts prot railed from and withdrew into the cloacal 
opening in a rapid systole and diastole ; the tufts open to the exterior on each side of 
the anus, and eacli arises from the seven or eight branches, into which the two dorsal 
tracheal trunks break up on either side of the rectum : they are not connected in 
any way with the rectum. The pear-shaped ]»roces8es are hollow, aud their cavities 
communicate hy the narrow liimina of their stalks witli the general body cavity: 
they are lined with epitheliuiu and contain blood, but are not supplied with 
tracheoD. It is possible that these structures are higlily modiOed eaiidal gills, 
which now function as blood reservoirs, the How of blood to and from which may 
assist in the diastole and systole of the tracheal tufts. 

JhpneiHfptfra , — ^Tlie habits of the bees of the genus KoptoAthosoma were in- 
vestigated. Ill the females of these bees there is a chamber at the base of the 
abdomen containing numerous Acari ; experiments with and dissections of the 
nymphs showed that the Acari do not enter this special abdominal chamber until 
the linal stage in the development of the bee is reached. The nests of tlitjso bees 
and also those of the genus Xylocopuj which are hollowed out in softwood posts 
and dead saplings, simply swarm with Acari. 

Coleoptera . — Tlie remarkabh* Mormobfve phylloileA excavate*? in Polypori fungi 
a large lenticular chamber, entered by a narrow slit between the fungus and the 
bark of the tree to which the fungus is attached ; the, chambm* usually contains a 
few larvm in various stages of development. Tlio larvre present no features calling 
for special remark, bi'iiig typically Carabid in apjiearance ; the uMiiph is proiided 
with the foliaceous expansions characteristic of the adult. A and leni ale 

Morinolyce arc invariably found in clo'^e propinquity to the nest, kee])ing a close 
guard over it. 

Tlie raetamorplmses of two I^ycid beetles — Lyro^iomuA viehmurus and 
CnloohnnnuA tnclanurvA — were iiaestigated. The larvjo oi‘ both .-}»eeiert are found 
beneath the bark of trees, and they feed on the lur\.'e of other insects which 
frequent the same situations. They aie cons}»icuoiisly coloured with black and 
•'range, and experiment^' liir'e slumn that, they are as iliMa'^tiTul to insectivorous 
veitebrates as ill" adult form. The full-grown lai*\a of Z. iiiea.Mircs 

1^5 railiiiuetres. The head is minute and can be completely withdrawn into the 
lirst thoracic segment : it is incomplete behiml, and does not enclo.‘'e the hrain ; 
the iiiiteniuu are twn-jniiili d and retractile into a hlie.ilh ; a .simple ocidlns us 
situated at tlie ba.^e. Tlie suctorial inui)di}>lc.s are .sickle-sliapcci and enclosed in a 
thin chitinous slieath; tin* maxillui consist ••acli of a single four-jointed ])alp ; tlie 
labium is a triangular plate with two tlirec-joiiited paJjis. Tlie body is somewhat 
flattened dorso-ventrally, each segment except the. last bears a spiracle ; the last 
segment bears a ventral sucker formed by the e\erte(l lijis of the reel uin. A simple 
hook represents the tar-sus. The larva of iUdochrumu'^ mcfnnin tf'i agrees in many 
points wdth the above description ; the scgrinonls of the body bear sliort lateral 
processes with a spirach' at the base of each: thcho proei'^se.'' are not jointed lus in 
the Malacodermatous larva from New Jlritain, tigured and doeribed by Dr. Sharp 
(*Zooh Ilesults Willey Exped. : insects'). 

Some other Malacoderm larvjc of considerable size (oO-SO mm.) were 
frequently met with, but their life-histories wore not traced ; in fact these larvm 
have long been a complete puzzle to entomologists, since no adults of correspond- 
ing sizes are known. The external featuivs of one form have recently been 
described by Bourgeois (^Bull. Soc. Knt. Erance,’ pp. C8-()d) ; the head is 
extremely like that of the Lycid larvae noted above, and in other points of its 
anatomy it agrees with those forms *, the cuticle is remarkable, being composed of 
columnar cells with small nuclei , tlie inner and outer ends of these cells are 
covered with a thin sheathing of chitin. lu another form, with a pair of phos- 
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phorescent organs In the penultimate segment of the abdomen^ the cuticle is 
glandular. 

Lepidoptera— interesting example of protective resemblance was furnislied 
])y a small Geometer larva wliich was ibiind feeding on the budding intlorescence 
of a spinea-like plant. The larva was pale green in colour and provided with 
pairs of spine-lite processes on the fourth to the eightli and on the eleventh 
segment ; to each of these spines was attached by a delicate secr(ition of glutinous 
silk a string of buds of the inflorescence on wliich the larva) hid. As these buds 
withered and turned brown they were cast off and renewed by fresh green ones. 
'Ihe larva did not move about much, but even wlien it did it was well-nigh 
indistinguishable from its food-plant. The pupa, which was enclosefl in a silken 
cocoon covered with green huds, was unfortunately destroyed by ants, and no 
other specimen was obtained. 

lYiptem. — Some larvm closely resembling Vermilvn were discovered on Mount 
IVnrissen, Sarawak, at a considerable altitude. The larva) formed pitfalls in sand, 
alter the nuinncr of aut-lions. Their habits have been described elsewhere. 

A larva, apparently allied to A/Zcrodow, w as found in some numbers under the 
sheathing leaves of a Caryoia palm : it was remarkably slug-liko in appearance, 
showing no signs of segmentation. The upper surface of the body was highly 
convex, and from the posterior end protruded a short median tube at the base of 
w’hicb w'as situated a spiracle ; the ventral surface was flat and transversely wrinkled ; 
there were no legs or pseudopoda; the chitinous head was completely retractile. 
At the time of pupation the larval skin became strongly chitinised, farming a 
puparium inside which the further transformation took place. 

All the aquatic dipteroii." larva) olitained W’ere closely allied to, if not 
idenliral wdth, such w'ell-known Kuropean Ibrm^ as ('ureihm^ Chiromnnif^y 
Tani/pva, ^Le.' 


T). J'rhf'tts and Zf'hra Ihjhrlds. Jlp Prof. J. Cussvi; Kwari, J\L\S, 


G. On Hclnuoiienui gnvyi, a lan/r Xmiafodi* f ront Ih^ /V/vr/Vf ?v/Z Cavift/ 
of Ihe fSra-arrhin, Jhj James F. Gemmiij,, J/.J., M.D, 

'Plic aiillior exhilufed some specimen^ of a largo nt-niiUode from ilie peri\ i.^ctral 
caMt\ of I ho soa-urchm and lm\o an acTount »»f tlioir oi<'un’oneo and au.ilomv. 

Fenidlr'i. - r»ody tdoiigatod, (KK) I.oOO mni, in hiiLiili; 'J 4 nun. in breadth; 
w bile or .M'liiiiraiispareiil, ing at h«»lh i nds, tb»‘ iJosli-rior oiid b"ing slightlv 
Iduiilor and cuned in a liall-circle. A delicate ciilicular hook al both elided 
Mouth and anus miliroly aliM'iit ; the whole bodycoM-nd by a delicate cuticle, 
and the body wall tbiown into a senes of shallow’ transverse foliK along either 
side. 

Ilypodennis, a .dngle layer of nucleated cell-; museular sy-t. in. a singb' layer 
of c(*llfl beneath h^poderinis, arrange<l in soinewbal irn'gnlar loiigit udinal nwvs 
along t lu* vent ml third of the liody wuill, and arranged less markedly in trans\erse 
rows on till' dorsal tw’o-thirds of tho kidy wall. Kxeretnrv systmn of canals 
absent. Nervous syst<*m, ii thickening of the hypodormis at lu'ail end, not con- 
tinued backwards into loiigitmlinal cords. Alimentary canal ap}>nn‘nlly a muss 
of spongy roticiilar tissue, with nuclei and protojdasinic masses at intervals, 
with ail iriegular lumen ending blindly at cither extremity. Ovary single, 
gieatb ' I 'l. d : develo])mcnt internal, with total unequal segnu illation, followed 
by a Ml ili'.e'i ■ -rm of gastrulntion. 

- Much smaller, GO- 1*00 mm. in length, with tail coiled characteristically 
in a .spiral, with tw’o equal spicules close to posterior extremity. 

This nematode seems to have hitherto escaped notice, except for a mention 
by A. E. Shipley,' whoso specimen did not allow him to investigate its structure. 

* Some of the above noted insects will lutev foim the subject of special memoiis. 

* ir00,p. 2&1. 
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The author means to publish a fuller account of the worm elsewhere, and proposes 
to name it Echinoncma yrayi, 

7. Exhibition oj Abnormal specimens of Ne^ihr ops. By F. II. Marshall. 

8. Exhibition of Microscopic Preparations of Mammalian Uairs, 

By F. H. Marshall. 


TUESDAY, SEPTEMBElt 17. 

Tlie following Papers were read : — 

1. The Fauna of an Atoll. By C. Forster Cooper. 

The island of Iloluld is a large wooded sand hank ])laced at the southern oiid 
of the ('astcrii reef of Maid atoll ; it is in no place raised more than three feet 
above high-tide marks. It shows signs of havinsr once been much larger, and of 
having formerly included the small island of Gadu, now some way to the south. 
The reefs on the two sides of the island differ from one another in some respects. 
The eastern and seawai'd reef is much broader than the western or lagoon reef, and 
is divided up into Ihret* zones, the reef Hat, boulder zone, and boat channel, the 
latter b(‘ing again subdivided into three zones by the nature of its iiiliabitants. 

On tho western side tin* boat channel is narrower, and corre.s]»ond8 to the 
middle zone of tho boat channel on the east side ; the reef on this side is more rich 
than the other. ‘It was found generally that sp(‘(*ies were often eoniiiud to some 
particular zone; that where free sand was much washed about by tht' action of 
water animals could not and did not Hourish. The absence of all seaweeds was 
also noticeable. 

In the lagoon the hot tom was found to consist either of sand or mud, the mud 
usually being deposited in the centre of the lagoon, where the currents lost their 

orce. 

lieef-building corals were never found on the bottom of tho lagoon, but only on 
the slopes of reel’s. 

The reefs were certainly not extending inwards towards the lagoon, but may 
perhaps he extending scawaixis to some small degree. 


2. The Land Crustaceans of a Coral Island. Byl*. A. Porradaile, M.A*, 
Lecturer in Natural Sciences at Selwyn College, Cambridge. 

The island in which the species and their habits were observed was the atoll 
of Minikoi in the Indian Ocean. 

The following species of Crustaceans are found on land in Minikoi : — 

Crahs\ — 1. Oegpode ceratophthalma, greyish-green in colour, and frequenting 
the lagoon shore, where it lives in spiral burrows below extreme liigli-water mark. 

2. Ocypode cordimana, cbocolate-brow^n in colour, and living in horizontal 
burrows on land above extreme high«water mark. 

8. Gto^rapsus grayi, black and white in colour, running about actively in open 
spaces. 

4. Geograpsus crinipes, orange-yellow in colour, and living near freshwater 
tanks and pools. 

6. Geograpsus longitarsis var. vninikoiensis, and 6, Metasesarma rousseauxi, 
dull greenish in colour, living under timber, stones, &c. 
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Hermit Crabs {Soldier C hs). — Ocenobita riiffosu8,’'grQy or lila6 in colour, 
of small size, and numerous alo. ' the shore. * 

8. Copfiobita perlatm, scarlet nd white in colour, of middle size, and also 
found chiefly near the short*. 

9. Ccenobifa chjpeatiiSy purple in colour, of large size, and found in the jungle. 

Slafpj*s {Isopods) : — 10. Cubaris murium^ and 11, Philosnia sp., woodlice. 

1 2. Liyia exotica^ lives on the shore. 

Land crustaceans, which are tin* dominant group in a coral island, are of im- 
portance in the economy of tin* island : 

i. As scavengers. 

ii. In tlie destruction and disint(‘gration of fruits. 

iii. In the distribution of seeds. 

iv. In the same manner as earthworms by thoir burroAving. 

\ . As enemies of varioiLs animals. ^ 

vi. Occasionally aa food for otlu'i animals. . 

vii. Possibly in the fertilisation of flowers. ^ 

A iii. Probably in many other ways as "ytd unknown. 

.3. Oil the Anatomp of the Lnnml Polypterns, 

Bp J . S. lliTDCiKTT, J/./l., Trinity Colhpe^ Caiuhridgr, 

The material for ibis paper is furnished by a single example of a larval Poly- 
pterus, obtained in the Gambia in 1900. 

The larva measures 30 mm. in length, and is in the condition Avhen the 
cartilaginous skeleton has reached its highest development and ossifleation is 
about to commence. 

The structure of the pectoral fins at this stage affords a strong argument in 
favour of the view that the ( hosaopterygian tin is derived from the iiniserial type 
of lin and not from the hiserial arch i pterygium. The suspension of the jaws is 
in a primitively hyoatylic condition, while the hvomandibular curtilage carries a 
segmented rod of cartilage forming the axis of the root of the external gill. 

The vertebral cartilages resemble in their mode of formation those of 
Lepidosteansand Teleosteans but, in addition to neural and ha*mal cartilages to 
each segment, there are distinct lateral cartilages. The hmmal cartilages give 
rise to the ventral ribs, which are thus shown to be homologous with the ribs of 
other Ganoids and Teleosteans, Avhilo the lateral cartilages give rise to the trans- 
verse processes and lateral ribs, which are. homologous with those of Elasmo- 
hranchs. Amphibians, and Amniotu. 

The oviducts are formed by the folding off of a portion of tlio body cavity 
into which open a number of nephrostomes, and aro thus shown to be of a nature 
quite different from true Mullerian ducts; there is some evidence that the coiTe- 
sponding duct in the male is homologous with the longitudinal canal of the 
testicular network in those forms which have vasa efl’erentia passing to the 
kidneys, while the vusa elferentia themselves arc modified nephrostomes. The 
head kidney is a very large organ lying between the foivmost dorso-latoral and 
ventro-lateral muscles far from the middle lim^ : it consists of the much coiled 
anterior end of the archinephric duct, and ends opposite a ratlier small glomus lying 
close to the aorta, in the pronephric chamber, which is apparently without a 
funnel, passing to the general body cavity. 

The structure of this larva confirms the belief that Polyptenis is an extremely 
generalised creature showing ailinitics with throe great divisions of Ichthyopsida, 
Teleostei, Elasmobranchi, and Amphibia. 

4 . The Origin of the Paired Limbs oj Vertebrates, 

Bp J. Graham Kkrr. 

The author gave a short account of his liyptitliesis as to the phylogenetic 
origin of the paired limbs of vertebrates. He passed in revicAV the two current 

1901 . 
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hypotheses — that of Gegenhaur and that of l^alfour, Thacher, and Mivart. Atten- 
tion was dra^vn to the complete absence of intermediate stages betw’een gill septum 
and limb, and also to the a priori im]irnhability of a gill stmtum such as we know 
in the lower fishes, firmly fixed ancl lliish with tlie surmce, developing into a 
motor organ. It was pointed out, liow'ever, that the numerous advocates of the 
Gegenhaur view liad managed to accumuhite a large mass of evidence bearing 
upon one particular jihase of tlu' question, and which consisted of facts pointing 
ro an extensive backward migration of the paired limbs having taken place from 
somewhere in the neiglibourhood of the branchial region. 

The lah'ral fold view hud at first the of resting upon a more 

certain foundation of anatomical fact — upon the fact discovered by Jlalfour that 
in the young toipedo the two limbs are for n time c*onnected by a continuous 
ridge of epiblast —that in this form the paired limbs develop in precistdy the way 
in which the theory supposes them to lia\e dt'vidoped during phylogen> . Modern 
research has, however, shown that this longitudinal ridge of epiblast does not 
appear at all in the less spc'chili^^d Selachians; tweii in Torpedo the ridge 
appears secondarily, and its ap])earanco at all is probably a quite secondary 
])henomoiion associated with the secondary extension of tin* paired fins along the 
sides of the body in the adult. Embryology ns it is known to-day does not. 
furnish the same foundation foi* such a theory of limb formation as it appeared to 
do at an earlier period. 

The anatomical rt*semblance.s Ijetweeii paired and nn])aired fins wen* toueht*d 
upon, and it was suggested that such reseniblancc*s are jirohably due to hoinoplas}. 

Att(‘ntion was now drawn to the fact that in the n lations to one another of 
muscles, skeleton, and viscera in the lower vertebratt*s there was expresKf*d an 
admirable mechanical an’angement for lateral flexure of tin* body. Properly 
co-ordinated lateral flexures provided a powerful means of locomotion through 
fluid, a method used by all the low(‘r v<*rt(*brates. It was dillicult to believe that 
either a gill septum or a lateral fold coubl aid to any appreciable t*xtent this 
primiti\e method of swimming; the probability was that in its incipient stages a 
limb derived in auch a way must act rather as a hindrance. 

The author was of the view that the paired limlw were not- at first swimming 
organs at all, but that they were develope<l in correlation with moNement- about 
a solid stratum. With a solid jwint (Tappiti (*veu a very small movable proji*ction 
would be of use in propelling the creature forward, 'flu* question was, Ifid such 
prqjecrions of the body Avail exist in tin* lower vertebrates Avhich might have by 
evolution become developed into paired limbs? He considered that, tin* most 
primitive groups of Gnuthostomata were the Selachians, tin* (^rossopterygians, the 
Dipnoans, and the IJrod(*lo amphibians. In three out of tlie four groups there 
occurred during developmt*nt true external gills, projections of mesohlast eo\ered 
with epiblast sticking out from the visceral arches (Mandibular — ‘Halancer* 
of Ufodeles ; Hyoid — Cros.so])tervgians ; llranchial Arches 1. -ITI.--'Urodele8, 
Lep{do»ircnf Protoptorus\ nrancliiul Arch IV. — Lopithmrm^ ]*rofopfrr?f*t). In 
the Selachians their absence was correlated with the ])resence of the. enormous 
highly vascular yolk-sac, wdnch ma<h; the p<*raistence of an\ other dermal 
respiratory organ of early life quite uiinece.ssary. The true external gills were 
supposed by some to be larval organs independ(*ntly developed, hut further 
knowleage of their identical relations and dev!*lopmerit, made it imtiossible to 
accept any other view than that they were truly homologous structures inherited 
from a remote ancestor. 

The structures in question are provided witli elaborate mnscnlar arrange- 
ments ; in a live Dipnoan or Urodelan larva they an*, seen t.f) be every now aivl 
then sliarply flicked back; they are, in fact, though mainly respiratory, potentially 
motor in function. In Urodeles the corresponding structure on the mandibular 
arch has lost its respiratory and takcMi on a purely supporting function. 

The author concluded that in these serially arranged potentially motor organs 
of the lower vertebrates Avere to be recognised organs bomodynamous with the 
structures which had given rise to the paired limbs ; the limb-girdles In* folloAved 
Gegenhaur in regarding as modified visceral arches. The earliest stage of the 
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purely motor appondn^e was probably a .simple styliform striioturo reaembling Ibe 
balancing organ of the Urodtde or tlie limb of Lepidosirmj and from thia 
pterygium bad been derived along two divergent lines of evolution — the arclii- 
pterygium and ichllu opterygiiini (Jii the one liand and the oheiropterygium on the 
other. 

Finally the author remarked that this hypothesi.s hod the advantasfe of 
explaining just as AV»*.U as did the Gegenbaur hypothesis the traces of backward 
migration of the limbs ; and in regard to the only s(‘rious objection to the view — 
the absence of a cartilaginous skeleton in external gills — ho pointed out than this 
objection, already Aveakened by the presence of a ‘lii .! ■ -i- axis in the barbels 
of Xeuoimn Inid now been minimised by the description ijy Jludgett of a rod of 
cartilage projecting into the base of the external gill in the young Po/ypferus, 


5. The. Story of Mdlnria, By Ronald Ros.w, FM.S, 

Interesting nature of the story. Incorrect A'ersions propagated. 

Kndemie nature and paludal connection of malarial disease give rise to the 
hypothe.^is of a telluric miasm. Absence of any scientific proof. Negative ex- 
periments of ( Jalandruccio and oth(*rs. 

The first fact -discovery of the malarial pigmcoit, called melanin, by Frerich.s, 
VirchoAv, and Mi*ckel in lH4i) ol. 

Invention of the Baritltfn maUtrue by Crudeli, Alarchiafava, and otlier lioinan 
Avriters. (Mrciunstantial details. The A\*'holo thing a fabrication. 

The second fact- recognition of the .•* parasite liy Lnveran, 

lf^8(). He describes all forms of the parasite. I'redatory Italian efforts. 

The researche.s of I^avernn and Golgi concerning the life-hi.story of the 
]»ara.site.s Avithin the body. Similar partisites found in birds by Danilewsky, 
("ertaiii forms of the parasites, noAv known as gnmetocytes, cannot be e.xplained. 
h>ron(*ons degeneration theory of Gra.^^si and llignami. 

Kflbrts to find the parasiti* free in naturt*. Grassi discovers it in a fresh-water 
aimeba - another fabrication. The inosrpiito hypothesis of King, LaA'eran, Kiich, 
MaiLSon, Jlignami, and others. All formed independently, and are partly riglit 
and partly wrong. 

I show that the .so-called flagella emanating from the gametocytes are living 
bodies. SacharotV j)roM*s them to contain chromatin. MacGallum deuion>t rates 
their true nature. 

^ly attempts to cultiA^ato the parasites of mosquitoes, iMto-ttr. Failure with 
‘grey ’and ‘brindled’ mosquitoes (fW/'.?’). Final discoA'erv of the ‘pigmented 
cells’ in ‘dappled-winged’ mosquitoes {^Auopheh.<) in 1K)7 practically .solves the 
j)n»blem. 

Whole life-history of tlio parasites in mosquitoes determined by my experi- 
ments oil tho development of tlie parasites of birds in Cuter fatiytnm in lSi>S. 
In association with Aniiett and Austen I find the similar de\elo])ment of the 
human parasitt's in dappled-Avinged mosquitoe.s in Sierra Leone, and study the 
habit .s of these in.sects, ISJM). 

Koch confirms MacCallum’s observations, studies the early history of the 
zygotes, confirms my Avork (180tS), and finds the frequency infection in uative 
children (18{V,)). Similar stiidie.s of Daniels. Great value of tln*ir labours. 
Kxcellent researches of Christophers. Stephens, Nutt all, Ziemaun. \'an der Scheer, 
Kiige, FtM’uside, and many others. Crucial experiment of Manson iii 1000. 

After the publication of my work of 180S Digiiauii, llastinuelli, and Grassi 
dote.ot the genus of my ‘ dappled- winged * mosquitoes from my description, and 
find, in similar insects in Italy, the development of the parasites deseril^d by me. 
Tlioy pretend that their efforts were original. They add no noAv facts of fuiida- 
niontal importance. Unreliable and predatory nature of their work, especially of 
that of 11. Grassi. Tiotters from Charles, Laverau, and Koch. 

Excellent histories of Maniiaberg, Thayer, and Nut tall. 
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The prevention of malaria and other mosquito-horne diseases. Punkahs, 
mosquito-nets, wire gauze, and quinine. Segregation. Koch^s method. 
Necessity for ridding towns of mosquitoes. Experiments now in progress in 
Sierra Leone and Lagos. 

0. Exhibition of Photographa of Fossils in the La Plata MnseiLm. 

By Di\ Francisco P. Moreno. 


A New Soimditig and Ground-collecting Apparatus. 

By Professor G. Gilson, of Louvain. 

Side view, showing method of suspension. Front view, showing mechanism. 



h, han<lle suspending block h ; 6, cast-iron block ; 6r, steel bar ; r/>, cup ; r, cover ; ring 
keeping apparatus in an oblique position when lying <lown on the bottom. 'J’his ring is attjiclicd 
to the block h and moves with it ; mechanism intended to release the cover c when tlio appa- 
ratus is hauled up, and not before that. 

The cam seen at the lower part falls ns soon as the cup cp strikes the bottom, the block h 
sliding down then to the table /. This cam is fixed to a flat iron piece with a catch r)n its right 
side to suspend the cover c. The upper part of this piece is engaged, on the left side, in a groove 
cut in the vertical rod. When the block 6 is lifted up, the cam not being in place, the end of the 
grooyp catches, and the cover c is released by the swinging of the flat piece. 



TRANSACTIONS OF SECTION D. 


697 


This a])paratus has been used for some time in the course of certain researches 
■which have been carried on in the North Sea. The task of a complete biological 
survey of the Jlelgian coast having been entrusted to the author by his Govern- 
ment, he soon felt the want of a handy ground-collecting instrument. Several of 
the existing models, among which a few were of the boring-tube type, were tried. 
Some worked rather wtII, but, although very heavy, they would only supply a 
small quantity of sediment. Others gave good results on soft muddy bottom, but 
no result at all on the sometimes very hard sands of the coast. None of them 
was found to answer adequately for the particular desiderata of the work, a bulky 
sample of all kinds of sediments being required. The author then set to work and 
constructed the very simple apparatus exhibited, w’hich, although a mere embryo 
rather roughly set up, has done such good service as to induce him to call to it the 
attention of those engaged in ■ ■ . ■ ■ study. 

It belongs to i\ui cup t ype of sounding machine, the earliest idea of a ground- 
coll(‘cting apparatus. Tlie cup, however, has been provided with several additional 
devices -which give the wdioh* quite a jieculiar character. The most important of 
these is an iron cover, exactly litting the cnp, and intended to prevent its contents 
from l>eing -washed away, A very simple mechanism keej)s this cover lilted up 
as long as the cup is cutting into the soil. As soon as the cup touches the bottom 
a lltth^ cam falls down, and is unhitched. Later on, when the apparatus is tinally 
hauled up, but not before it takes a vertical position again, the same mechanisai 
releases the cover and allows it to fall and close the cup. 

T'he construction of the a]iparatus is given in the figure. 

One of th(i most characteristic features of the instrument is that the rope is not 
connected directly to the iron bar that bears the cup, but to a square block of 
cast iron through which the bar freely plays up and down. 

AVhen a hard grouial is reached, the men m charge take care to give the rope 
a few short pulls in order to make the cup bite into it. If under such circum- 
stances the instrument was allow'ed to lie flat on the ground it might empty itself 
after each pull. The ring attached to the iron block is intended to keep the 
anpanitns in nn oblioue position, thus causing the cup to cut into the soil by its 
edge, and to gradually fill up, no mailer in wdiat direction it may happen to tumble 
down. 

When full the cup contains about six pounds of sand. The whole construc- 
tion is very simple. Tlu're is no piect' in it that any blacksmith or ship engineer 
could not easily repair or ev(*n make ane-w in cn>e of a breakdown ; a quality 
which anyone engaged in exploration would certainly wish all his iiiblniments to 

])0SSP>S. 

The author has tried this sounding machine in shallow’ waters only ; but there 
is little doubt that it -would work well on the soft ooze of the deep sea. If neces- 
sary a system of lost-weight mechanism could easily be devised and connected to it. 


B. Exchihition of a Kgiv Orlcntimj Apparatus for the Ccuihridgs 
Microtome, By James Rankin. 
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Section E.-GEOGRAVIIY. 

PllESlDENT OP THU SECTION — IlUGK llOHKKT MlLL, 

D.Sc., 1.L.1)., F.II.S.E., F.U.G.S. 


Tlff/nSDAY, SlJPTJhJMBNU 11. 

Tlio PreGideut delivered the following Address: -- 

Ox UesKAKCII in (iKOtJUAl'lllCAL SCIKXCK. 

InlroduHonj^ 

'J’nK annual reassembling of friends and fellow-workers in the old re-visited towns, 
and the annual accession of new lovers of science, furnish a unique opportunity for 
a survey of the advances made in each department, a titling occa>inn also for 
remembering those who havti finished tlieir work and can aid our deliberations 
only by the memory of their example. 

Apart from our more intimate losses in the death of many distinguished 
geographers and devoted workers, the ]>eriod since onr last meeting lias been for 
all a year of mourning. Th* |i«i^'*.nj nf the nineteenth century was almost like the 
death of a friend, and it is " dl d-Shciil; to n*ali&e that the century which we had 
been so long in the habit of associating with (*v(*ry thing n»*w and great and 
progressive has itself become part of the past. Few coincidences have been more 
striking than the almost simultaneous close of that unjiarallelcd reign wliich gave 
a name to the Era including all that was best and most characteristic of the 
century. The death of (iueeii Victoria carried so kct*n a sense of jiersonal loss 
into every heart that few attempts have bwn made to show how \a.st a portirm 
of the stream of time - measured by ■ ■■ ’ i-3ned between the terminal 

dates of her life. Think for a moment . ■ advances in tlie one small 

department of geographical exploration during the late Queen*!- i. : . ‘h- i-ulti- 
tude of landmarks which have In'en crowned by tlie great name • i \ i -of 
the Earth's most southerly land and its most northerly sea, of the largest lake 
and most majestic waterfall of Africa, tlie loftiest lake of Asia, the liiglu*st peak in 
New (luinea, the widest desert and most ]M)pulous colony in Australia, and of ih«* 
two thriving seaports on either Mde of the North Pacific wliich couple together 
the Eritish JJominionsof western America and eastern Asia. 

What could be more a])propriate in this first meeting after tlie close of such a 
century and of such a reign than to pass in brii-f but a}>preciative rt*\ie,w the 
advances of , .mi’.x during lliose hundred or those sixty-live yi'urs!" One 
tiling ill my opinion is more appropriate than to dwell on pa>t triumphs or to 
regret past greatness, and that is to survey our ^iresent position and look ahead. 
In the first year of a new century and of a new reign we are reminded that wc 
have a future to face and that tlie world is before us, and J propose to seize tliis 
opportunity in order to speak of the science of geography as It is now understend 
and ospeciolly to urge the importance of the more systematic pursuit of 
geographical research henceforward. 
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in the Universities, 

The pro8i)ect of immediate expansion in many British universities seems at 
last likely to ailbrd more than one opportunity of wiping out the old disgrace of 
the neglect of geographical science in the accredited seats of learning. Already 
Oxford has a well-manned School of Cioography, and Cambridge has a Reader in 
Seography. The reconstituted University of JLoiidon occupies the best position in 
the w'orld for creating a chair of gef craphical research, situated as it is in the very 
centre of the comings and goings r)l all mankind, and in touch with the most com- 
])lete geographical library and map-collection in existence. The new University of 
Birmingham may, it is hoped, provii better than its promises, and may perhaps after 
all provide some more adequate treatment of geography than its proposed par- 
tition amongst the professors of half a dozen s])ecial subjects, all of them coii- 
c<*rned in geography, it is true, but none of them individually, nor all of them 
collectively, capable of embodying that co-ordination of parts into a harmonious 
unity whicli gives to !■• ui'raj.hy its power as a mental discipline and its value for 
practical application. But England in all that pertains to higher education is still 
a poor country, and the will to do well is hampered by the grinning demon of 
poverty. Here, on the other side of the Border, we are in a ditFerent atmosphere. 
The wave of the magician’s Avand in the hand.s of Andrew Carnegie has brought 
wealth that la?>t year Avould have been deemed fabulous to the ancient univerf«ities 
in Scotland, and it will h«* a di>grac(» to our country if this splendid generosity 
does not result in the establislimeiit of one or mon* fully endt^wed and completely 
equipped chairs of geography. 

There may still be some p(‘ople who a icAv geography as tlie concern only of 
soldiers and sailor^, adventurous travellers, and perhaps of elementary teachers. 
Exploration is undoubtedly the iirst duty of geographers, but it is a duty AA’hich 
lias been well done, the nineteenth century having left us only one problem of 
the first magnitude. I’liis is the exploration of the polar regions, and even here 
the twentieth century clamours for new methods. 


TJip Antarctic E,t'imUfion8, 

This year has seen tlie long-hoped-for Antarctic expeditions set out on tlieir 
great qiu‘st, a qin‘st not <»nly of new lands in tlm stuithern ice-world but of 
scientific information regarding all tlie conditions of that vast unknown region. 
Two expeditions have been planned in Great Britain and Germany Avith a com- 
plete interchange of information regarding equipment and raetliods of Avork. 
l’ro\isiou has been made for .simultaneous magnetic and meteorological 
observations, and in some instances for the use of iui-truroents of identical 
construction, and all possibility of any unseemlv rivalry in striAing for the 
childish distinction of getting t'arlhest soutli has been obAiated by the friendly 
iiiiden'^tanding that the British shij) sliall explore the already fairly knoAvn Rosa 
quadrant, Avhere it is pretty sure that extensive and accessible land will favour 
exploration by sledges, A\diile the Germans luive chosen the entirely unknoAvn area 
of the lOnderby quadrant Avhich no ice-protcctcd sleann r has yet attempted to 
penetrate, and Avhere they enter n region of ])otentiul discovery before they cross 
the Antarctic Circle. 

The British expedition is oquinped on the good old ]ilaii that produced such 
tine ressulls in the days of Cook ana Ross ; it is nianncd by sailors of th«» Royal 
Navy and is under the command of a gnilant naval ofHeer, though, unlike the 
earlier A^essels, iht' * DiscoviTV * is not lierwdf a naval shi]>. As in the days of Cook 
tlie naval oflicers are assisted in their non-professional work by several young and 
promising scientific men, two of Avhom liaA'e already had experience of work in 
the polar regions. These have the great advantage of the counsel and help of 
Mr, George Murray of the British Museum, who goes as far as Melbourne in the 
position of Director of the Scientific Stafl'. 

No one Avho has seen the zeal and uullagging enthusiasm with which Sir 
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Clements Markham has organised the expedition can liesitate to accord to him in 
fullest measure the credit for its successful inauguration. And no one who has seen 
the quiet and good-humoured determination of the commander, Commander It. F. 
Scott, in overcoming ma'-;. * : reliminary difficulties, can doubt his fitness 

to undertake the heavy ' 'i ' - • : ■ of the voyage. I am sure that he will be 

a worthy successor to Cook, Ross, Franklin, Nares, and all the other officers 
who have made their names and the name of the British Navy famous in Polar 
service. The second in command, Ijieutenant Armitage, ll.N.ll., has had several 
years of Arctic experience, and amongst the crew there are some old whalers whose 
knowledge of the ways of sea-ice should prove of value. The ship and her equip- 
ment are unique ; it is no exaggeration to say that she is the best-found and most 
comfortable vessel which has ever left our shores on a voyage of discovery. 

The German expedition has heen more boldly planned than ours. It is new 
and experimental all through, as befits a young nation in its first exuberant efi'orls 
in a new field. If some people suppose that it may ha^ e made mistakes that 
our expedition has avoided ; these, at least, are new mistakes from which new 
lessons are to be learned. If risks must be run — and we of the twentieth century 
are, I trust, no more timid of incurring risks than our predecessors of the nine- 
teenth, or the eighteenth, or even the seventeenth — it is good that they should be 
new risks. To scientihe men in Germany it appears natural and reasonable that 
a man of schmee should be the head of a scientific expedition ; and that a geogra- 
pher should lead a geographical expedition. IMany British men of science sympa- 
thise in this view. Dr. Erich von Drygalski, one of the professors of Geography 
in the University of Berlin, has been" entrusted with the command to which he 
was appointed before the ship was designed, and for five years he has given all his 
time and thought to the expedition, lie is supported by a band of higlily trained 
specialists, wlio have spared neither time nor travel in mastering the subjects with 
which they may deal, and each has also rL*cei\ed a general training in the subjects 
of all his colleagues — an admirable precaution. The captain of the ‘Gauss,’ w’ho 
belongs to the Merchant Service, has taken a course of training from the Norw’o- 
gian whalers off Spitsbergen. He will, of course, be absolute master of the ship 
and crew in all that concerns order and safety, but ho w’ill be und»‘r the direction 
of the leader in all that concerns the plan of the \oyiige and the execution of 
scientific work. This arrangement is one which has alwavs seemed tome to be 
desirable, that the captain of a sliip on scientific ser\ice should occupy a ])ositioii 
in relation to the scientiticchief similar to that of the captain of a yacht in relation 
to the owner j hut it is subject to the drawback that a naval officer could not well 
be asked to accept such a divided command. 

AVhatever our view’s as to ideal organisation may be, w’e are all certain that 
both expeditions will do the utmost that they can to justify the coiifi(lenc*e that is 
placed in them and to bring honour to their tlags. Wo know^ lliat the nlUcers and 
staff of the 'Discovery ’ belong to a race* whicb, whether trained in the rniversity 
OP in the Navy, has acquired the habit of bringing back splendid results from any 
quest Ibat is undertaken. 


A Dejinitiou of 6* < o//#-//^./, tj. 

The bright prospects of Antarctic Exploration must not, how'ever, blind ns to 
the fact that exploration is not geography, nor is the reading or even the av riling 
of text-books, nor is tlie making of maps, despite the recognition of leading carto- 
graphera as ‘ Geographers to the King.’ ’J’hese are amongst the departments of 
:■ l.i , but the Avhole is greater than its jmrts. 

Ihe view of the scope and content of Geography which I have arrived at as 
the result of much work and some little reading during tw'enty years is substan- 
tially that held by most mod(*m geographers. But it is right to point out that the 
mode of expressing it may not be accepted without amendment by any of the 
recognised leaders of the science, and for my own part 1 believe that discussion 
rather than acceptauce is the best fate that can befall any attempt at stating 
scientific truth. 
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Put in the fewest words, my opinion is that 

M the. science which deals with the forms of relief of the Earth's crusty 
and with the influence which these forms exercise on the distribution of all other 
phenomena. 

This definition looks to the form and composition of the Enrlh’s crust iteelf, 
and to the successive cov(;ring8, partial and complete, in which the stony globe is 
wrapped. We sometimes hear of the New Geography, but I think it is more pro- 
fitable to consider the present position of Geography as the outcome of the thought 
and labours of an unbroken chain of workers, continuously modified by the growth 
of knowledge, yet old in aim, old even in the expression of many of the ideas that 
we are apt to consider the moht modern. 

Some Historical Landmarks, 

Claudius Ptolcmieus, about loO a.I)., gathered into his great 'Geography^ the 
whole outcome of the Greek study of the habitable world. lie laid stress on the 
threefold nature of descriptions of tho Earth’s surface, the general sketch of the 
great features of the world alone receiving the name of Geography, the more 
special description of an area he termed Chorography, and the detailed account of 
a particular place Topography. 

Aristotle, wIjo first adduced rt'al proofs of the sphericity of the Earth, had not 
failed to note the relationships which exist between plants and animals, and the 
places in which they are Ibuiul, and he argued that the character of peoples was 
influenced by the land in wliioli they lived; but Ptolemy cared little for theories, 
comparisons, or relationships, confining himself rather to the record of actual facts. 
He made errors, the results of which were more important, as it happened, in ad- 
vancing knowledge than were iho truths which ho recorded ; for after the troubled 
raedimvnl sleep, when ev(*n the spherical form of the Earth was blotted out of the 
knowledge of Christendom, th(‘ scicntiiic di'ductions made by Toscanelli from the 
false premises of l*toleiny heart mied Columbus for his westward voyage to the 
Judies, on the very outset of wliieh he stumbled nil unknowing on the New World. 
When ^Magellan succeeded in the enterprise which Columbus had commenced, the 
fourteen centuries’ reign of Ptolemy in geography came to an end ; his wort was 
done. 

The ra]ii(l unveiling of the Earth in the sixteenth and seventeenth centuries cast 
a glamour over feats of exploration which has not u‘t been wholly dissipated, and 
it may not be easy, even now, to obtain wide oredenet* for the fact that tlie ex- 
plorer is usually hut the collector (»f raw material for the geographer. 

It is of vital interest to trace the re-fonnatum of the theory of geography after 
its interruption in the Middle Ages. The fragments of the old Greek lore were 
cemented together hy new and plastic tlioughis, crudely enough by Apian, Gemma 
Erisiu>, and Seha{«tian Munster in the sixteenth century, but with increasing 
strength and com plot encs.s ))y Chuerius, (’arpeiiter, and Vareiiius in the seven- 
teenth. 

The First Oxford Geographer. 

The names of Cliiverius and Varenius are familiar to every liistoriau of 
geography, hut tliat of CnrpenU*r, 1 am afraid, is now brought to tho notice of 
many geographical students for the first, time. lie was not so groat as Varenius, 
hut he was the first llrilish geographer to write on theoretical geography as 
distinguished from mathematical treatises on navigation or the repetition of nar- 
ratives of travel, and I think that there is evidence to show that his work had an 
inti lienee on his great Dutch contemporary. 

Natlianael Carpenter, Fellow of Exeter College, Oxford, published his hook in 
ICJo under tho title — 

‘ Geographic delineated forth in two Hookes. Containing the Sphericall and 
Topical! parts thereof,’ and with the motto from Ecclesiastes on its title-page — 

* One generation commeth, and another gooth, but the Earth remayneth for 
ever.’ 
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The great merits of Carpenter’s treatise are his firm grasp of the relation of one 
part of geography to another, his skilful blending of the solid part of the work of 
Aristotle and Ptolemy with that of the explorers and investigators of his own 
generation, and the wholesome common-sense that dominates his reasoning. Ilis 
definition is comprehensive and precise. 

^ Geographic is a science which tcacheth the description of the whole Earth. 
The Nature of Ciotfmpli is well expressed in the name: For Geor/raphw resolved 
according to tin- tiinh Etymoloffie significth as miicli as a description of the 
Earth ; so that it differs from Cowiotjraphic^ as a ])nrt from the whole. Foras- 
much as Comographie according to the name is a description of the whole world, 
comprehending under it as well Oengraphio as Aslnmomir. TIowheit, I confesae, 
that amongst the ancient Writers, Cosmtif/raplife has been taken for one and the 
self-same science with Geographia as may apjM*ave by sundry treatises meerely 
G. -krTnphi?;ill yet intituled by the name of Coamographie' 

I'he ditfereiices held by Ptolemy to distinguish geography from cliorography 
Carpenter shows to be merely accidental, not essential, and as to geography he says 
‘ It is properly tearmed a #S’ciVnc/>, because it proposeth to it selfe no otlier end but 
knowledge; whereas those faculties are commonly tearmed wliich are not 
contented with a bare knowledge or speculation, but are directed to some farther 
work or action. Hut here a doubt seems to arise, whether this IScitmev be to bo 
esteemed Phgsicall or Mat hemal icall ? Wee answer, that in a Science two things 
are to bee considered : first, the ^natter or object whert‘about it is conversant ; 
secondly, the manner of handling iind explication : J'or the former no doubt can 
bee made but tliat the object in Gettf/rnphie is for th<‘ most part Phgaieall con- 
sisting of the parts whereof the Spheare is composed; but for tin* manner of 
Explication it is i\oi pure but mut\ as in the former part Malhemafieall, in the 
second rather Iliiiforirall ; whenc(‘ the whole Science may lie alike tearmed botli 
MathemniieaU Sc Iluf or icall ; not in respect of the. which we ha>e said to 
bo Phyaicall but in the manner of Ej pUeafionJ 

Aitbough so'mewliat dilfuse in expre8.sion. the meaning of these statements is 
clear and sound, and to the IJritish public as new now as it was in the days of King 
Charles. The book treats of mathematical geography and of 

magnetism, climates, the nature of places, of hydrogi’aphy, including the sen, 
rivers, lakes and fouutain.s, of mountain.'^, \ alleys and woods, of island.s and 
continents, and at considerable length of peo])le and the way in which they an? 
influenced by the land ill which they live. Whether l>r. Carpenter lectured on 
geography in Oxford I do imt know, but his book mii.^Jt, have acijuired a certain 
currency, for a second edition appeared in J03o, and it seems probable that it was 
known to Varenius. 


Varenivs and NetnOnu 

Varenius, a young man who died at twenty-eight, produced in Latin a single 
small volume published in lOoO, which is a model of conciseness of expression and 
logical arrangement well worthy even now of literal translation into English. So 
highly was it thought of at tin? time that Sir Isaac Newton brought out an 
annotated Latin edition at Cambridge iii 1072.’ The ojiening definition ns 
rendered in the English translation of {vl work spoilt in most places by a 
parasitic growth of notes and interpolations) runs : — 

* Geography is that jiart of mived 7na the matins which explains the state of the 
Earth and of its parts, depending on cpuintity, viz., its figure, place, magnitude 


* Dugdalc, in the introduction to the English translation pubH.shcd In 1733, 
slates explicitly that Newton produced bis version for the benefit of the students 
attending his lectures * on the same subject’ from the Jjucasian chair; but wo have 
been unable to find any more satisfactory evidence that Newton actually lectured on 
Geography at Cambridge. 
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and motion with the celestial appearanceh, &c. By some it is taken in too 
limited a sense, for a bare ilescription of the several countries ; and b^r others too 
extensively, who along with such a description would have their political 
constitution.’ 

Varenius produced a framework of Physical (leograpliy capable of including 
new facts of discovery as they arose, and it is no wonder tliat his work, although 
but a part, ruled unchallenged as the standard text-book of pure geography for 
more than a century, lie laid stress on the causes and eilecls of phf'uomena as 
well as the mere fact of thidr occurrence, and he clearly recognised the vast 
importance upon diflerent distributions of the vtu*tical relief of the land. JTe did 
not treat of human ndations in geography, but, under protest., gave a scheme for 
discussing them as a concession to popular demands. 


Kant, 

As Isaac Newton, the mathematician, had turned his attention to geography at 
(Cambridge in the earlier part of the eighteenth century, so Immanuel Kant, the 
philosopher, lectured on the same subject at Kieris:'‘b'-:g ^“ler part. The 

fame of Kant as a metaphysician has defrauded Isu-- i*r of the honour that 

is his due as a man of science. As Professor llastie puts it: Mlia (^arlier 
scientific work, like an inner planet merged in light, was thus almost entirely lost 
sight of in the blaze of bis later philosophical splendour.’ 

Kant, if ^vill be remembered, considered that the conun iniicat ion of experience 
from one person to another fidl into two categories, the historical and ihc 
g(‘ogru|>hical : that is to say, descriptions in order of lime or in order of space, 
’riie science of geography he considenMl U\ be fundaineiilally physical, but physical 
geography formed the iutroduct ion and k(‘y to all other possible geographies, of 
which lie euunienitcd five : maf/wmaficai, coucerm*d with the form, size, and 
nio\euu'nts of tlie Earth and its place in the solar system ; 'mural, taking aecount 
of the enstoms and characler.s of nmiikind according to their ])hysical surroundings; 
political, concerning the divisions of th<‘ land into the territories of organised 
governments; mercantile, or, as we now call it, commercial geography; and 
theohujical, which took nccoiiuf of the distrihut ion of religions. It is not so mnch 
the cleavage of geography into live hranches, all sjiringing from physical geography 
like the lingers from a hand, which is worthy of remark, but rather the recogni- 
tion of the inleracthm of the condiiions t»f physical geograj»hy with all other 
geographical conditions. Tlie sclienie of geograpliy t.inis nc((uired n unity and a 
flexibility xvhich it had n<»t previously attained, but Kant’s views have never 
reeeiA'i>d wide recognition. If his geographical leciiirtis have b(‘en trant-lated no 
English or French edition lias come under my notice, and such currency as they 
obtained in Germnnv was checked by the nioro concrete and brilliant work of 
Humboldt, and the loloologicni system elaborated in overwhelming detail by 
Hitter. 

The teleological views t)f Hitter were substantially those of Pnley. The world, 
he found, tilteil its inhabitants so well that it was obviously made lor them down 
to ih(‘ minutest detail. The theory was oin» ])eculiarlv acceptahh* in the early 
decades of the nineteenth centurv’, and it had the immensely important result ot 
leading men to view the Earth us a great unit with all its parts co-ordinated to 
oiiL eml. It gave a philosophical, we may even say a theological, character to the 
study of geography. 

Kant’s views had pointed to sucli a unify, but from another side, that of evolu- 
tion . It was not until after (lharh*a Parwin had fully restoix’d tin* doctrine of 
evolution to modern thought that it was forced upon thinking iiicii that the fitnesf 
of the Earth to its inhabitants might result not from its being made for them, but 
from their having been shaped by it. It is certain that the iniliienco of the 
terrestrial environment upon the life of a wople has been carried too far by some 
writers — by Buckle, in his ‘History of Civilisation,’ for example — but it is.nc 
less certain that this intlucnce is a potent one. 
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The Nature of Geography* 

Granted that such influence is exercised, some objectors may urge that geography 
has nothing to do with the matter, and we are compelled to acknowledge that the 
meaning and contents of geography are in this country as variously interpreted as 
the colour of the chameleon in the traveller’s tale. Yet my thesis is that it is 
just this relation between the forms of the solid crust of the Earth and all the 
other phenomena of the surface that constitutes the very essence of geography. 

It is a fact that many branches of the study of the Earth’s surface which were 
included in the cosmography of the sixteenth century, the 'i ::r ,\ : l.\ of Linnmus, 
the physical geography of ilumboldt, and perhaps even the Erdkundo of Hitter, 
have been elaborated by specialists into studies which, for their full comprehen- 
sion, require the whole attention of the student. Geology, meteorology, oceano- 
graphy, and anthropology, for example, have been successively specialised out of 
geography ; but it does not follow that these specialisations fully occupy the place 
of geography, for that place is to co-ordinate and correlate all the special facta 
concerned so that they may throw light on the plan and the processes of the 
Earth and its inhabitants. Geography is concerned with the results, not with 
the processes of the special sciences, and the limits between geography and geology, 
to take a single instance, are to bo drawn, not between any one class of ])henomena 
and another, but between one way and another of marshalling and utilising the 
same facts. This was clear to Carpenter in 1625, though we have almost forgotten 
both it and him. 


The Frinciples of Gt ography. 

The principles of gfoirraphy— the ‘pleasant principles,’ to use the phrase of old 
WilUaiu Ouningham in 155*J — on which its claims to status as a science rest are 
generall}' agreed upon by modern geographers, though with such variations as 
arise from differences of standpoint and of mental process. The evolutionary idea 
is unifying geography as it has unified biology, and the whole complicated subject 
may be presented as the result of continuous )>rogressive change brought about and 
guided by the influence of external conditions. These views have bt*en often 
expressed in recent years, but they do not seem to liave bei'ii very seriously 
considered, and no excuse need be offered for presenting them once more, though 
in an epitome curt to baldness. 

The science of treocrnj'hy is of course based on tbe mathematical properties of 
a rotating sphere ; but if we define geography as the exact and organised knowledge 
of the distribution of phenomena on the surface of the Earth, we see the force of 
Kant’s classification, which subordinated mathcmaticnl to physical geography. 
The vertical relief of the Earth’s crust shows us tbe grand and fundamental contrast 
between the oceanic hollow and the continental ridges; and the hydrosphere is so 
guided by j ra-i if af as to fill the hollow and rise upon the slopes of the ridges 
to a height depending on its volume, thus iiii loiliu iiiu'’ the great superficial separa- 
tion into land and sea. The movements of the water of the ocean are guided in 
every particular by the relief of the sea-bed and the c ‘‘..r .r ! . of the coast lines. 
Even the distribution of the atmosphere over the Earth's surface is affected by the 
relief of the crust, the direction and force of the winds being largely dominated by 
tbe form of the land over which they blow. Tiie different physical constitution 
of land, water and air, especially the great difference between the specific bent and 
conductivity or diathermancy of the three, causes changes in the distribution of the 
sun’s heat, and as a result the simple climatic zones and rhythmic seasons of the 
mathematical sphere are distorted out of all their primitive simplicity. The whole 
irregular distribution of rainfall and aridity, of permanent, seasonal and variable 
winds, of sea-climat(3 and land climate, is the resultant of the guiding action of 
land forms on the air and water currents, disturbed in this way from their primitive 
theoretical circulation. So far wo see the surface forms of the Earth, themselves 
largely the result of the action of climatic forces, and c : > ■ .■ *■ . change 

in a definite direction, controlling the two great systems of fluid circulation 
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These in turn control the distribution of plants and animals, in conjunction with 
the direct action of surface relief, tlie natural regions and climatic belts dictating 
the distribution of living creatures. A more complicated state of things is found 
when the combined physical and biological environment is studied in its incidence 
on the distribution of the human race, the areas of human settlement, and tlie 
lines of human communications. The complication arises partly from the fact that 
each of the successive earlier environments acts both independently and collec- 
tively ; but the diiliculty is in greater degree due to the circumstance that man 
alone amongst animals is capable of reacting on Ills environment and deliberattdy 
modifying the conditions which control him. 

It seems to me that the glory of geography as a science, the fascination of 
geography as a study, and the value of geography in practical ailairs are all due 
to the recognition of this unifying influence of surface relief in ci-ntrolling, thougli 
in the higher developments rather by suggestion than dictation, the incidence of 
every mobile distribution on the Earth’s surface. 


The Clnssifii'ation of Geography, 

Following out this idea, we are led to a classification of the field of geography 
in a natural order, in which every department arises out of the preceding with no 
absolute line of demarcation, and merges into the succeeding in the same way 
This classification, it is necessary to note, is not like a series of pigeon-holes, which 
may be placed in any arbitrary order, but like a chain, in which the succession 
of the links is essential and unalterable. 

Since form and dimension are the first and fundamental concepts in geography, 
the first and basal division is the MathematicaL Mathematical geography leaves 
the Earth as a spinning hall liglited and warmed according to a rigid succession of 
diurnal and annual changes. This merges into the domain of P/iyuical Geography ^ 
which involves the results of contemporary change in the crust and the circulation 
of the fluid envelopes, with the resulting modifications in the simple and pre- 
dictable mathematical di.stribution.«. Tlii.s division falls naturally into three parts : 
Geomorpliology, dealing with the forms of the solid crust and the changes they 
are undergoing at the present time ; Oceanography, dealing with the great masses 
of water in the world ; and Climatology, dealing with the ellects of solar einu'gy 
in the air. Hut all three spheres — litlmsphere, 1.. 1 ’ . and atmosphere -are 
so closely inter-related that no one (^f them can bt ■ : ‘a bout some preliminary 

knowledge of the others. This forms the largest and most important part cf 
geography, more varied and intricate than the mathematical, better known and 
more definite than those involving life. 

Bio-geography^ the geograpliical distribution of life, arises directly from physical 
geography, which dominates it, hut it is full of complex questions which involve 
the biological nature of the organism and the influence of physicnl environment, 
in which geographical elements, i :■ loininant, do not act alone. Difficult 

as some of the problems of hi: ■:! of life are at tlie present day, tbe 

remains of living creatures found fossil in tbe rocks, and tbe survivors of archaic 
forms still lingering in remote islands, supply us with our only instrument of 
resi'arch into tli(3 geography of past ages, often making it possible to lay down 
the areas of land and water in earlier geological periods. 

The relation of man to the surface of the Earth detaches itself from the rest of 
Dio-geography by the number of exceptions to general laws of distribution and by 
the human power of modifying environment. It has necessarily been formed into 
a special department, Anihropo-geography, In primitive man the control exer- 
cised by environment is nearly as complete and simple as in the case of the lower 
animals ; but with every advance in culture fresh complications are introduced. 
The relation of people to the land they inhabit, the choice of sites for dwellings 
and towns, the planning and carrying into efloct of lines of communication, are all 
obviously much under the control of land form and climate. When people get 
settled in a favourable position they usually become attached to it ; they acquire, 
one may say, the colour of the land, in modes of thought as well as in manner of 
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life. The poems of Ossian and the Crofter Question require for their olueldation 
a knowledge of the renditions of the Western Highlands, just ns 

the Border ballads and the Border raids were largely conditioned by the geo- 
graphy of the Southern Uplands. 

Attachment to the native valley or the native fields leads to the holding of 
land by clans or tribes and the fusion of tribes into nations, while changes in 
physical conditions stimulating migration from a deteriorating country may lead 
to the invasion of settled territories by homeless hordes. Hero " Anthropo- 
geography buds oil* the subdivision of Political Oeoijraplii/, which takes account 
of the artificial boundaries sej)arating or subdividing countries, and of the in- 
numerable artificial restrictions and ameliorations Avhich are snperimpost'd on 
the natural barriers and channels of intercommunication, hiven in political 
geography only a humble place is held by a stntem(‘nt of boundaries and capitals, 
to lists of which the great name of Geography has actually been confined by peoph» 
wlio ought to have known better. 

Anthropo-geograpliy views th(‘ world from the standpoint of the race, political 
geography from the standpoint of the nation ; but room Las to be found for a yet 
more restricted outlook, that of the individual, whose view of the w^orhl as it 
profits himself is known as commercial geography. This department deals with 
natural commodities and tht‘ir interchange, and perhaps because here rather than 
in the other departments a successful comprehension of the inter-relation of oaiis(* 
and effect may be, in the languug<‘ of the schoolroom,* reduced to pounds, shillings, 
and pence/ the name of Applied Geography bus been proposed. It fitly tt‘riuiuates 
our survey of tlie science, for the dickering disturbances of the equilibrium of 
supply and demand known simultaneously over the whole world, and the slower 
movements of transport to restore equilibrium, are still far from the power of 
scientitic prevision, and all we can do at present is to point out certain clear lines 
of least resistance, or greatest advantage, due to the interactions of natural and 
human causes and effects. 

To sum up a sentence the field and the function of geography in the broad 
majesty of its completeness, we may say tliat it is the description of the surface 
of the solid Earth as it is in itself, as it acts upon the ocean, the air, and the living 
things which inhabit it, and as it is atfected in turn by their actiuiw. 


Cieoijraiihy and the State, 

Viewed thus I believe that \ will he found to ntford an important clue 

to the solution of every problem atlecting the mutual relations of land and people, 
enlightening the course of history, anticipating the trend of political movements, 
indicating the direction of sound industrial and commercial development. 

It would be possible, unfortunately it would be easy, to enumerate misconcep- 
tions of history, blunders in boundary settlements, errors in fortugn policy, useless 
and wasteful wars, mistakes in legislation, failun*s in commercial enterprise, lost 
opportunities in every sphere, whicli arc due to the neglect of such a iheo- 
retical geography. Surely it is to the laws defining the iutm’actioii of Nature 
and Wan that we should turn for guidance in .such affairs, rather than to the dull 
old British doctrine of * muddling through,’ That vaunted process after all means 
that we are driven by stress of facts to do without !■.!•■! i*'.. it or knowing how, 
and at. immense expense, the very things that intelligent study beforehand would 
have shown to be necessary, feasible and cheap. 

All this has been urged again and again, and it 1ms fallen on the ears of 
those in authority ‘ like a tale of little meaning thougli the words are strong.’ I 
admit that all advocates of a rational geography have not escaped the danger of 
the special pleader — they have promised too much. If a Government oflicial were 
tosay, ‘Yes, I confess there was a mistake here, the affair was managed badly, 
much money and some prestige were lost ; it must all be done over again ; please 
tell me how,’ I am afraid that the chances are that the answer would be vague, 
general and unpractical. If the answer to this boldly hypothetical question is ever 
to be clear and definite, geography must be studied as it has never yet been studied 
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in this country. It must pass beyond the stage of a recreation for retired officers, 
colonial officials, and persons of leisure, and l^ecome the object of intense whole- 
hearted and original study by men of no less ability who are willing to devote, 
not their leisure, but their whole time to the work. The object of geographical 
research should be nothing hjss than the demonstration or refutation of what 
we claim to bcj the central principle of geography — that the forms of terrestrial 
relief control all mobile distriburions, 

A /*rnjWfefl (tP<ujra}Mcal Description. 

In order to focus the question it may he convenient to consider the .:r ■ 

or chorograpby, as Ptolemy weuhl ha\e termed it - of tlie Ih'itisb islands. No 
author has ever attempted to give such a description. (Jamd-m’s ‘Britannia’ 
was swampe<l by archieology ; tin' county histories, which are certainly not deficient 
in number, were wrecked outward bound on the harbour-bar ot genealogy. Sir 
John Sinclair’s old ‘Now Statistical Account of Scotland’ in the intelligent utilisa- 
tion of very incomphdt* data was a great but solitary stride in the right direction. 
Bartholomew’.s great ‘Atlas of Scotland ’ supplies the cartographical basis for a 
modern dt‘scription of the nortln‘rn Kingdom ; hut the description itself has not 
been undertaken on an ecpial scale. 1'lie work of producing a complete geo- 
graphical description of the Britisli Islands would be gigantic, but not hope- 
lessly dillicult. 

the material has b(*en collected at an enormous expenditure of public money, 
and is stackeil more or less acce.ssibly, much of it w(‘ll-s(»a<oned, some I fear spoilt 
by keeping; but there it lies in ‘o\erwlu‘lming abundanee, heaps of building 
materials, but requiring the labour of the builder b*^fore it can become a building. 

There is (irst and <*lii<*f tlie Ordimnct* Survey, one of th(‘ grandest piect‘s of vvork 
in matheinatifNil geogra]diy that lias ever been a(*(*omplished. Tln‘ result is a 
series of maps almost as ]jerfec1 us ora* can »*xpect any liiunau work to be, showing 
in A variety of scales from } of an inch to inches to a niilo t*very feature of the 
coufiguratioii of tlu* laud- except the lake-lM*ds. 

There is next the hytlrogra]>liic survey by the Admiralty, giving every detail 
of the subn({Ucous configuration in and nroiiml our islands- -except the lake-beds. 

'J'hese two great surveys supply the basis for a completi* description of the 
British Islands, and tlm geological .*»ur\e\, which in a sense is m(»n* elaborate than 
either of the others, eomjiletes the fundamental part, 'fhe geological map makes it. 
possible to explain many of the form.s of the laml by referring to the .structure of 
tlie rocks which compose them. Both the g«*ological and hydrographic surveys 
are accompanied by nu*moirs dt*s(Tihiiig the features and discussing the various 
questions arising from the chavneter of each sheet ; l>nt there is imtliing of the 
kiinl for the maps of the ordnance survey. 

The ordnance maps show at the d.ite of their jireparutiou tin* extent and also 
the nature of the woodlands and moorlands, and this information is supplemented 
by the Returns of the Board of Agriculture, which each u*nr contain the statistics 
oi* farm crops, waste land, and li\eatock for eM*ry county. These returns are 
excellently edited from the statistical point of view, but they are not discussed 
geographically. It is easy to see in any yt*ar how much wh(*at is raist'd in each 
county, but it is a slow and lulmrious process to discover from the Returns what 
are tlie chief wlii'iit -growing areas of the country. The county i.s too large a unit 
for geographical study, as it usually include.'^ many types of land form and of 
geological formation. Ib^fore the di.stribution <»f crops can bt* understood or 
compared with the features of the ground they must ))« broken up into parishes, 
or even smaller units, and the results plactal on maps and gonerali-sed. The vast 
labour of collecting and printing the data is undcrtakoii by Govenunent, and 
paid for by the people without a murmur, but the geographer is loft in ignorance 
for the want of a comparatively cheap and simple cartographic representation of 
the facts. 

The Inspectors of Mines and the Board of Trade publi.«h statistics of the 
industry antf the commerce of the country, statistically excellent, no doubt, but in 
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most cases lacking the cartographic expression which makes it possible to take in 
the general state of the country from year to year. The same is true of the 
Kegistrar-General’s Returns of births, marriages, and deaths, in themselves an 
admirable epitome of the health conditions of tlae country, and of the fluctuations 
in population, but limited by a narrow specialism to the one purpose. 

Finally and chiefly we have the Census Reports. Once in ten years the 
people are numbered and described by sex, age and occupation. The inhabited 
houses are numbered, and the smaller dwellings grouped according to size. The 
figures are most elaborately classified and discussed, so as to bring out the distri- 
bution of population, and its change from the previous decade. Rut to the 
geographer the Census Reports are like a cornfield to a seeker of bread. The 
grains must be gathered, prepared, and elaborated before the desir(*d result is 
obtained. Nowhere is the cartographic method more useful than here. It is 
a striking contrast to turn to the splendid volumes of the United States Census 
Reports, many of them statistically inferior to ours, but thickly illustrated with 
maps, showing at a glance the distribution of every condition which is dealt 
with, and enabling one to follow decade hv decade (he progressive developra(*nt 
of the country, and to study for each census the relations between the 
various conditions. 

These are only a few of the statistical publications, produced by Government, 
and embodying year after year a mass of conscientious labour, which, save for a 
few specialists who extract and utilise what concerns themselves, is annually 
‘cast as rubbish to the void.’ 

One small department supported by public money, but under iinoflicial 
direction, may be referred to as an example of the successful employment of 
cartographic methods. This is the Meteorological Council, appointed by tlu* 
Royal Society, and charged with the collection of meteorological data and the 
publication of weather reports, forecasts, and storm warnings. The maps 
published twice daily to show the distribution of atmospheric pressure and tempe- 
rature are only rough sketches and very much generalised, yet they serve the 
purpose of presenting the facts in a graphic form, yielding at a glance information 
which could only be extracted from tables by long and laborious efforts. The 
pilot charts, published monthly by the same department, showing the average 
conditions of air and sea over the whole Nortli Atlantic, and the occasional 
atlases of oceanographical data are valualde geographical material. 

The official work of Government is supplemented by the voluntary labours of 
many societies, in whose Transactions much valuabhj material is stored, and in 
not a few cases is well discussed. But even with these supplements gaps remain 
which must be filled by private enterprise before a complete geographical descrip- 
tion can be compiled. 

Considering the Ordnance Survey alone it is much to he regi’otted (hat cir- 
cumstances have prevented the extension of tlie survey to the lake-beds, whatever 
reason may bo assigned for the omission ; yet such is the fact. The directors of the 
Survey have, however, shown themselves ready to encourage private ivorkers by 
placing the data presented by them upon the maps with duo acknowledgment. 

The Purvey of the Lakes, 

It is with profound satisfaction that I now make an announcement — by s])cclal 
favour the first public announcement — of a scheme of g(K)graj)bical researcli on a 
national scale by private enterprise. Sir John Murray and Mr. Laurence Pullar 
have resolved to complete the bathymetrical survey of all the fresh-water lakes 
of the British Islands. Mr. Laurence Pullar will take an active part in the pro- 
posed survey, and has made over to trustees a sura of money sufficient to enable 
the investigation to be commenced forthwith and to be carried through in a 
comprehensive and thorough manner. It is intended to make the finished 
work an appropriate and worthy memorial of Mr. Pullar’s son, the late Mr. 
Fred Pullar, who had entered enthusiastically upon the survey of the lochs of 
Scotland, and whose heroic death while endeavouring to save life in Airthrey Loch 
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last Fobruary must be present to the memory of many of you. Large sums of 
money devoted in good faith to scientific purposes do not always bring about the 
wished-for result ; but in this case there is no room for anxiety on tliat score. 
8ir John Murray, with whom Mr. Fred Pullar had worked for sevcial years, has 
generously promised to direct tluj wliole scheme, and to be responsible for carrying 
it out. All the lakes of the llritish Islands will be sounded and mapped as n 
preliminary to the complete limnological investigation w'hicb is proposed. The 
nature of the deposits, the chemical compositi<jn of the water aiul its dissolved 
gases, the rainfall of tlio drainage areas, the voliirm*^ of the inllowing and out- 
liowing streams, the fluctuations in the level of the surface, the seasonal changes 
of temperature, and the nature and disfributiou of ocpiatic plants and animals will 
all receive attention. The geological history of the lakes may also be enquired 
into with reference to such points as the growth of deltas, th<‘ erosion of the 
margins, and, perhaps, the conditions .jf tlit> ohl dead lakes that are now level 
meadows. 

Five years at least will be required to make these (observations and to in- 
cor])orate them in memoirs, each of which W’ill be a complete natural history 
of tin? lakes of one river basin. The proposed work wants more than money, 
direction and time. It requires the services of several young and enthusia.stic 
workers — preferably men wdio liavo complet(‘d their University courae and are 
anxious to devote 8om(e time to research. Sir John Miirrav and Mr. Pullar 
wish to meet three or four capable young fellows, one preferably a chemist, 
one a g(»nlogist, one a botanist, and on(‘ a zoologist. When found they will 
he olfered a salary sullicKMit to enable thoiu to givi^ their whole time to the 
work, but not large enough to induce anyone who has not the love of science at 
lieart to tak(» it up. From luy ev])erience when Wiirking in somewliat "iinilar con- 
ditions at tin* Scot (i>h Marine Station sev»‘nt(‘en year» .‘Ujo, I can promise tho-o 
who will have the goiul fortune to b»‘ Mdected plenty of hard work for which 
they will get tint fullest credit — and this they will appreciate more keenly when 
they come to know the world Ixdtcr — and I cun promise them also in their 
ass(Viation witli Sir John Murray a course* of scientitie and intellectual training 
such as ('ven the universities do not afford. 

Oth^r Dcsirahh Sfu'vnjfi, 

I'hc Geological .Map requires to be supplementi*d by additional work on the 
nature of the supcrticial soil as it affects agriculture, such us is expiessed in 
the (Vr/c.s of France, going more fully into the chemical nature of 

the soil tliaii is ])ossihlo on the Drift Maps of the Survi'y which so usefully supple- 
ment the maps of solid geology. Such experiments as have betui made at the 
Uollege at Reading in collecting analyses of the soils in the ne'.,'hb'»nrh • «■! might 
very w’cll bo carried out at the agricultural colleges and other centres all over the 
country. 

Of e([ual value, though, pei haps, more obviously so to the scientific than to 
the ‘ pvacticar man, is the study of the natural vegetation of the country. In a 
liighly cultivated land like ours there are comparatively few phici'S where the 
iiativ(* flora remains in jiossossion, but the mapping of the main crops which have 
supyilanted it is nearly as useful. To become satisfactory from this point of view, 
tin* statistics of the Board of Agriculture ought to be supplemented by surveys 
mad** by trained botanists on the ground. A valuable hegiuuing has been mode 
under the ever-f(*rtile stimulus of Wofessor Patri(*k (leddes in the two sheets of a 
map of the plant-associations of ^:)cotland compiled by the late Robert Smith, 
whose premature death last year was a 1oj<s to science. It would be a splendid 
thing if this map could bo finished us a memorial to the brilliant young botanist in 
the sann* way ns the survey of the lakes i.s proposed as a memorial worthy of 
Fred Uullar, and 1 am glad to learn that tln're is some probability of it being 
carried on. 

Of all the other distributions which might bo worked out cartographically 
time fails us to speak ; but reference must bo made, however briefly, to a few, 

1901. 
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Geography of the Air, 

With regard to Meteorology, the distributioji of temperature and pressure 
over the British Islands for the year and for tlie separate months have been 
worked out by the experienced hand of Br. Buchan and puhlislied both in 
separate memoirs and in the •Meteorological Atlas/ edited by Dr. Buchan 
and Dr. Ilerbcrtson. But such observations as the degree of cloud or of 
sunshine can ns yet be treated only in a superlicial and generalised way for 
want of data. Perhaps the most important and certainly tlie most diHicult of 
all the atmospheric conditions to discuss fully is iirecipitation. It dejiends on so 
many varying conditions, such ns the form and exposure of the land, the altitude 
above sea-level, the direction and force of the wind, the relative freciuency of 
thunderstorms, the distance from the sea, the direction of the average paths of 
cyclonic storms, &c., that far more numerous and more long- continued observa- 
tions are required to establish the normal condition of the (!Ountry than in the 
case of either temperature or pressure. When we rellect that the whole water- 
supply of tlie country depends directly on rainfall, and when wo remember that 
the value of water-power made available by dilferences of level promises to be 
greater in the future than it has been in the past, we can see that a st udy of 
rainfall in conjunction with c may prove as valuable for tin* localisa- 
tion of the manufacturing •». ih-- future as the geological survey was for 

those of the present. 

Thanks to the remarkable foresight and the untiring exertions of the late 
Mr. Symons, the volunteer rainfall obstu'vers of this country have been encouraged 
to organise their efforts, and by working on a common plan have accumulated 
within the last forty years a mass of observations unrivalled for number and com- 
pleteness in any other land. But as yet the difficulties in the way of coiiHtructing 
a map of normal rainfall on an adequate scale have not betai overcomi*, and much 
experimental work will probably be necessary befon* it can be accomplished. To 
this task it is m> ambition to devote myself. I may be permitted to state that 
Scotland is far behind England or Wales in the number of rainfall stations per 
square mile. Thus there is, roughly, one raiii-observing station for every IM) 
square miles of England, one for every oO square miles of Wales, but only one 
for every fi7 square miles of Scotland, and one for every 170 squan* miles of 
Ireland. 

Kainfall observations only tell the amount of available water ; the con- 
figuration of the stream-beds* must be considered in determining water-power. 
The oiily country 1 know where the horse-power of the rivers has been mehsureii 
and mapped is Finland, but of course individual rivers, such as the Mi.<-sisi»ippi, 
Bhine, Seine, and Thames, have been tbomughly studied. Before many decades 
have passed it will be a necessary element in the surveys of all countries, though 
at present the available data are few and scattered. 

Poimlation Maps. 

In considering human geography wo come to tho most interesting and least 
occupied field of research. Until Mr. Bosse constructed his beautiful maps of tlio 
density of population of Scotland and England wo had absolutely no carto- 
graphical representation of the true distribution of people over the land. To map 
population by counties gives a very poor idea of the truth, for in such counties as 
Yorkshire or Perthshire there are large areas entirely without inliabitants, and 
small areas where the population is very dense. Mr. Boswj's maps wore inaile on 
the principle of leaving blank all the land on which there wcr»» no dwrlling-hou.-cs, 
and so obtaining a clo.se approximation to the true density of population of tlu^ 
inhabited area. For Scotland his map shows at onoe that it is a function of 
conBguration. It shows the densely peopled lowland plain, tho less densely 
peopled coast-strip surrounding the country, and tho least densely peopled valleys 
running inland into the great uninhabited areas. The population map of England, 
on the other band, shows an absolutely startling relation to the geological structure. 
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which in turn is closely related to the roun^'iirnliiin. Wc are not astonished to 
see the centres of densest population coincidin{;r witli the Coal Pleasures, but it 
is both Rurpriainp and instructive to see how the density of population runs 
parallel to the strike of the Secondary and Tertiary rocks of south-eastern 
Enirlnnil, a baud of the liglitest population following each outcrop of chalk and 
linie-loin*, a hand of dense population following each holt of sandstone or clay. 

Anthropo-geograpliy teeius with fascinating subjects of research. The admi- 
rable investigations in the West of Ireland on th<i phy>ioal anthropology of the 
people might well he ext«*nded 1o the whole country outside the great towns, 
where all evuhmce, of place of origin and original character is speedily lost. Good 
wt)rk has h<*en done in this way by the hhhnographic Survey promoted by a 
coiiimittee c)f thi.'? A.^.M)cialion, and a committee of the Tloyal Scottish Cieo- 
grajdiieal Society lias reiidereil gn‘at aid to the Ordnance Survey in the cognate 
study of the place-names of Scotland. 

The di.'«tribution of rfligion, ev<*n in the three topical forms of Anglican, 
Eresbyterijin, and Ihiinan Catholic — forins so typical as to he, broadly speaking, 
national — is mo.st iinpmfectly known. The <»bji etion to a religious cen.siis is one 
which is somewhat difficult of comprehension in Scotland, and too ]iolt‘mic for 
sober di-cn<sion in Knylaiid. Ihif a few of the problems are worth being worked 
out by individuals. The eiirious islands of Homan Catholic continuity in Lanca- 
shire, till' Ht'brides and the Jliirhland.s can probably be related simply enough to 
the configuration of the country and the means of communication as influencing 
free mo\t‘ni<*nt of people at critical ])enods of history. Tliere are many inter- 
esting points t(> the geographical distribution of surnamt‘.s, tlie relation of 
( havaeteri-«tio liteiatun* or ]»oetr\ to spcciiic areas; things small in themselves, but 
eapuhle of e.xercisiiig v(‘ry tar-reaching influence if sy.'steniatically worked out. 

(itoiiraiih irul 

Granted that the .subsidiary .‘'Ui\ev< have been made and the results put in a 
strictly coinparahle form,tlu*( ential problem remains — the svnthesisofthe complete 
geography of the country. Thi'' ean ]ierha]is 1 k‘ solved best by compaiing the maps 
of the various distributions in the jiroper order, and seeing^ how far they are 
relateil to one another, lor the general tH.'^cnssion the Oidnanct* Map on the 
scale of I inch to a mile should be ummL ami each natural region ought properly to 
he treated by itself, hut as a inattim of ])ractical I'onYeiiieuce it would ])rohably be 
found best to select either the artificial Ijoundnriea of counties or the still more 
arbitrary lines hounding .diei'ts of the map. Whatever .Miiall area is taken as 
the unit of descri])tion, it .'should he treated in such a way as to .<oek for and prove 
or ilisprove the existence of any control exercised by the form of the land and its 
geological character on the outcrop's of the rocks, the nature of the soil, th»» course 
of the rivers, tin* teni]ierat ure and inoveimmt.sof tin* air, the r.ainfall, the vegetation 
and agriculture, the distribution of population, the siti's of towns, villages, and 
isnlati'd <Kvi*lliiigs, the roail.*«, railwoiys and harbour.'., tlie birth-rate and death-rate, 
and on tlie progre.s'.ive chango.s in all these cuiulitieiis wdiicli are shown in the 
diseiission of the statistics colh*cted anniuilly or decennially. When such unit 
areas are worked out indivhlunlly the results can easily he combined and condensed 
into a geogra])liical description that will he eomplete, well balanced, and sym- 
metrical. The work i.s practicable; it requires only time, money, direction and 
workers to cairry it. out ; hut although a s]iecimen memoir, prepared by the 
autciority of tlie Koval Gei>gra]*hical Society, met with a certain measure of 
a]»proval, all attempt .s faih'd to obtain funds for making the work complete, and 
the scdieme mu.st await a niori* educatcil geiu'ration before it can he profitably 
revived in its entirety, ^leaiiwhile this field for geographical study and 
research lies at tin* doors of every university where the subject is or may bo 
recognised, and tin* labours of profes.<ors and students might be proiitably 
directed to the completion of siicli memoirs for the surrounding district, gradually 
working further and further afield. The idea is no more new than every other 
* thing under the sun.’ Such exorcises, not so elaborately planned, but the seme 

8 A *> 
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in essentials, were ordinary subjects for theses in the universities of Sweden and 
Finland during the eighteenth century To come nearer home, the local handbooks 
prepared for successive meetings of the British Association ar(», frequonlly very fair 
examples of the geographical description of a district. Tlie essential qualities are 
rar(‘r in guide-books, but we must not forget one brilliant exception, the poet 
AVordsworth’s ‘Guide to the English Lakes.’ 

It is pleasant to hear that through the encouragement of Sir John Murray th(» 
Scottish Natural History Society is taking up the systematic study of the basin of 
the Forth, and they will, I feel sure, give a good account of their labours. One 
point which must be very strongly emphasised is that a geographical treatise is 
distinguished from a jumWe of facts mainly by the order and proportion in which 
the phenomena are dealt with, and by the relation of cause and elfect that is 
established between them. 

As to the utility of complete geographical descriptions, w(‘ must of course 
recognise their greater practical importance in new and developing countries than 
in old lands like our own. Yet even with us the study of the distribution of 
natural resources may suggest important changes, involving great redistributions 
of population. 

A Geographical Warning, 

Hitherto, except as regards exploration and cartography, the position of 
geography in this country has never been satisfactory. Times are changing, and even 
in exploration we are now only one amongst many rivals, oft(*n better equip])ed by 
education, usually in no way deficient in daring. Although the best work of 
several of our cartographers in l^klinburgh and London need fear no comparison, 
we cannot conceal the fact that Germany leads the world in in.ip-nnikinj. As 
regards the reijognition or even the comprehension of geograpln b\ ilse Siair, by 
the universities and by the public, we are equally far behind our neighbours across 
the North fSea. 

It has sometimes been hinted that the study of geography has been cleliberatrdy 
discouraged by polilficians or by merchants because too much knowledge on tlm 
part of the public might embarrass foreign policy or h'ad to mercantile competi- 
tion; but we surely cannot entertain such unworthy suspicions. I am inclined to 
attribute the neglect of the subject merely to ignorance »»f its nature due to 
imperfect education. 

Two cases in which the application of geography to political and practical 
affairs suggests a definite cours(j of action may he mc'iitioned as examples. There 
is still one important colonial boundary entirely undelimitecl in a region somewhat 
diflicult of access and still little known, where goldludds will probably he found 
or reported before long, and where a very serious internali«)nal (juestioii may 
suddenly arise in a part of the world ah«!olutely unsuspected hy most peo])le, (‘veii 
amongst those who interest themselves in general politics and* in (joloriial affairs. 
It would cost a comparative trifle to survev the r(‘giou in question, and to lay 
down that boundary line before the goldfields are loucheil,Ro tliat no int(*rnational 
trouble could ever arise. What it may cost to postpone the matter until claims 
have been pegged out on debatable land, the British Guiana and AAme/uela 
arbitration, the Alaska difficulty, and South Africa are there to tell us. It would 
bo interesting to calculate, now that the co.st of a week of fighting is known, the 
saving in pennies on the income tax that would have accrued from a surv(*y of 
South Africa if that had been carried out us an imperial duty when (’ape Goloiiy 
was settled. I do not for a moment suggest that a .survey would have pre\enteil 
the war ; but it is not unreasonable to believe that it would have shortened it by 
some months. In this connection it is satisfactory to know that a valuable report 
has been drawn up by a Committee of the British Association, presided over bv 
yir Thomas Holdich, embodying a scheme for the systematic survey of British 
protectorates. 

The second example comes nearer home. The utilisation of wind- and water- 
power must increase in importance as mineral fuel diminishes in amount or 
increases in price. AVind- and water-power will never fail as long as the sun shines 
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and the land remains higher than the sea ; but what may fail unless timely pre- 
cautions are taken is the ])ower of utilising them for the benefit of the community 
at large. Are the existing laws as to water-rights, and tlie absence of laws as to 
the ulilisatit)!! of wind desirable and satisfactory? The usual answer to such 
questions is, *■ Why trouble about that just now ? These matters are not urgent, 
otlier things are.’ That argument is answerable for many disasUns. The inevit- 
able is in many if not in most cases sinn>ly another name for the unforeseen. It 
is inevitable that the country will he impoverished if the utilisation of wind- and 
water-power and the transj^oit of that power by electricity are not W3«>ely sufe- 
guardoil and ])ro'\ id«*d lor ; but wIkmi a 8iirv«*v of our resource.-, the circulation of 
the air over our islands, and the effects produced by the interposition of llie moun- 
tains, plateaus, and vulle\s upon it, plainly ])oiiits to the possibility of such a 
trouble, it only becomes inevitable as a result of culpable negligence. 

These two exampler., which will not strike anyone whose mind is wholly oc- 
cupied in payi)iir the peiialtie.'* of old ne«.dect, illustrate my contention tliat a com- 
plete geogra])hical de-'^cription based on full investigation is of the highe.st and 
most urgent iin()ortance. not for this country only, but for the Empire, and for 
every country in the world. 

Nor is it tin* land ahjiie which claims attention. It is of tlie utmost importance 
to investigate and evaluate the resources of the surrounding seas. The recent 
Intei'iiatioiial Conference for the exploration of the sea held at Chri.Miaiiia formu- 
lated a scheme of re>e}ir<h which has becoi taken up entliusiastically by llclgium, 
Holland, (xerinau}, DenmaiK, llussia, Sweden and Norway. Its object is to 
place tlie fi>heries of Northein Knrojje on a scientific ba.^is, and to make for that 
purpose a cennprehensive sJirveyof the sea, which will prove of high value to 
nleteol•^)log^ , and through it t«) agricelturt‘ as well. The I’ecent work by 
Mr. II. N, Dickson on the circidatiou of the surface waters of the North Atlantic 
in coiijunclioii with similar work by Prolc.^sor IVlters.^on in Sweden shows how 
bopefnl such rc'.^earcbes an* from tlie ptirel\ scientitic standpoint, and their practical 
iin])ortance is no le-s. It remains wiih onr (xovernment to show that this 
country is n<^t imlilfereiit to an o)>port unity, such as has never presented itself 
befoie, of placing one of o«ir great national industries ('U a basis of scientilic 
knowledge. 'Phis i'l in my belief oiu* of tlie ca«e< in which the exjienditun* of 
lhon.'«ands now will mean the savinir *>f millions a few years hence. 

It is magnificent I o send out ])<dar expeditions; tln*y s])i*ak volumes for the 
great ne.ss of the human mind tlial can gi\e it.sidf to tin* adNuncement of knowledgt* 
for the sake of knowledge, knowing that it will bring no material gain ; and I 
trust that such a spirit ^^lll continue to nninite.st itsdl until no .spot on l-.arlli, no 
land however cold or hot, no <lepth of si’a, no favtliest limit of the atmosphere 
leinains nn.searched and its lesson unlearnt. lUit 1 in.sist tliat the full .study ot 
our own country is on a totally ditPerciit fooling. Magniliceiit it may be, too, but 
sternly practical, since it is absolutely es.scnlial for oiirfuturt* well-being, and even 
for the con ti nuance of the nation as a Do^\cr amongst the states of the Avorld. 
Still, there is every ])rohability that such Avork will be neglect(‘d until the events 
Avbicli it should aAert are iqum ns, and then it will be too lute to make provi.'?ions 
Avliich now could l»c done cheaply, easily, and elfectively. 

A Projiost d Ihnnedy, 

Tlie few attempt.'^ wliicb have been made in this country to promote the study 
of geogra])by or to diminish the discouragements to geogra])hical research have 
had hut slight siicce.-s. Much lia.s been done to im]»rove geographical teaching 
by the Itoyal (leograpbical Society, the ItoAal Scottish Cxcographical Society, the 
(leographical Association, this Section of the llrilish Association, and other 
bodies; hut that ia not my theme. I refer to the little that has been done 
towards the t*lahoration of a geographical theory and the elucidation of 
geogra}>hical processes. Amongst the not iiieondderahle nnniher of teachers of 
geogra])hy in the L*niv(*rsities and colleges of (^rent Britain there i:*’ not one 
man Avho receives a salary on Avhich he can live in decent comfoit so as to 
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devote all his time, or a substantial pari of it, to geographical research ; and tlie 
sa.ne is true of every ofRcial of all tlie geographical societies. Not one is paid a 
salary sufficient to enable him to devote the time not occupied by mechanical 
routine to any other purpose than supplementing his income by outside work — 
writing text-books, correcting examination papers, perhaps even practising 
journalism. If by an effort and the sacritice of some of the comforts considered 
necessary by most people of tlui professional chisse.s he devotes a fi'w odd hours 
now and then to some original r(»search, he finds very few to consider it seriously; 
some friendly expressions of opinion XJossihly, but scarcely a reader ; and it counts 
for nothing, save, perhaps, in enhancing the leputation of his country in other 
lands where scientilic work, no matter in what department, is valued in a duo 
degree. All this must be changed before much x>r()gress can be made No doubt 
a giant of genius would ignore all obstacles aii l piirsin* his work regardless of 
recognition; but such giants arc not to lx* looked for many times in a century. 
It should be made ])()Ssiblo for a man of fair abilities to receive as much oppor^ 
tunity, encouragement, recognition and reward for good work in geography as 
for good work, let us say, in chemistry or electricity. That is all that can reason- 
ably be asked, and tliat is what is freely accorded in other countries where the 
status of the man of science is higher than it is with iis. It is he*^' that ht*lp 
may bo hoped for from the Scottish Universities in the strength o .heir new 
endowments. If a Chair of (leography were institiit(‘d with the'’®®^^)ose of 
promoting re.search first and teaching aftiTwards, properly eixuippod hooks, 

maps, and apparatus, and held on tin* understanding that no outside to 

be undertaken, something might yet be doin' to restore our cou^ work 
position it held a century and a half ago, when a text- hook of ■ ■* 

published without a thought of sarcasm, containing a froiitispi/. ting 

* Britannia instructing Europe, Asia, Africa, and America in , ^tate, , 
Geography.’ b i > > o,„l,our.. acrr. 


The following tapers and Report were read ; — 
1. Martin Behaim of Nnrnhnrg^ 1459-1507. 



ts \ deliboratel 
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Martin Behaim of Nurnbiirg fills a place f»f some prominence in of 

geography on three grounds: firstly, the famous ]iist»»rian .loao .-ros, 

writing in 15.‘j1), tells n.s that he was a pupil of I? * ■ ' . . ■ ! wa.v>*'^^^J*oiiifed 

jointly with Master Itndripiies and Master .Jose^ , ‘ . (Munii.iitf'e who 

devised a iiKjthod of ‘ inuigating l»\ llie .‘'iin,' which hH<l hiTome neees'aarv wnce 
the Portuguese had cros.-ed the equator, and left hehind them the ])ole star to 
determiiKj their latitude ; seco]i(lI\, lh>linini chums to have coniuiandcd a vesstd 
in Cao’s raeraovable second expedition : and thirdly, during a vi^t to Xiirnherg, 
in 1490-1493, lie siiperintondf'd the nuiiiufacture of a terrestrial glolx', which sur- 
vives to this day, and is the most ancient geographical monument of that kind in 
existence. As to the first jioiiit wo may well doubt whether Beliaim was a pupil 
of the great Franconian astronomer, for Regiomoiitamis lefr Niirnberg in .July 
1576, and Behaim was intended for a commercial and not for a scientilic career. 
We know, on the other hand, that .lose Visinlio, the .losepo of de Barros and a 
pupil of the astronomer Zacnio of ( luimarfLes, actually did tran.slato the ‘ Aimanach 
Perpetuum’ of his master (it was print'd at J^eiria in 1490), and in 1481 under- 
took a voyage to the Guinea coast for the e^pecial purpose of determining the 
latitudes with the aid of the astrolabe and the tables of the declination of the sun, 
furnished by Zacuto. Behaim may have accorojiaiiied .Jose on this voyage. It 
has been suggested that ho introduced into the Portuguesi* navy an ‘improved* 
astrolabe, the cross-staff or the ‘ Ephemerides * of Regiomontanus; but these arc 
mere idle conjectures. 

Nor can 'we admit that Behaim was a member of (kilo’s second I'xpedit ion, 
which left Lisbon towards the close of J485 and was back before August 1480. 
Behaim 8 own account we gather from the legends on his globe and information 
evidently communicated by him to Hartmann Schedel, the compiler of the well- 



TRANSACTIONS OF SECTION E. 


715 


known ‘ Liber Cbronicorum/ He claims to have left Portugal in 1484 in wm- 
mand of one vessel, the other being commanded by Cao ; to have set up a Pwrao 
on Monte Negro on January 18, 1486; and to nave turned homeward after a 
voyage of 2,600 leagues. As measured on his globe these 2,300 leagues would 
have carried him, far beyond the Cape of Good Hope, to a 'Prom. S. Bartholomeo 
viego,* whilst Cao turned back on a Cabo Negro (now known as Cape Cross) in 
16® 14' S. if Uehaim was knighted on Friday, February 18, 1486 (day of 
the week, date, and year are in agreement), he cannot have set up a pillar on 
January 18, 1486. But even supposing all these inconsistent dates of his to be due 
to lapses of memory, wo should still hesitate to admit his having been a companion 
of that famous explorer, still less would a man who wrote in 1403 that 'the 
polar star not being vi.sible to the south of the equator and the magnet refusing 
to act the navigators are constrained to make their course with the aid of the 
astrolabe ^ have been placed in command of a Portuguese vessel. Behaim has 
nothing to say about the powerful Manicongo ' discovered ’ by C3.o, but seems to 
know everytliing about King Furfur s Land (Benin), where the 'Portugal pepper’ 
was discovered in 1 486 ; about the mysterious ' Ogane,* supposed to be Prester John ; 
and about the great mortality in the Gulf of Guinea owing to the heat. But 
these are, experiences of the expedition of Jo3.o Alfonso d’Aveiro, who left 
l*ortugal in 1486 and returned in 148() in time for Behaim to enter into a scheme 
for the discovery of the ' island of the seven cities,* as supposed by Ernesto do Canto, 
U'e therefore think it qiii^e possible that Behaim took part in il’Aveiro's expedi- 
tion, but reject unhesitatingly his claim to have commanded a vessel in that of 
( VXo 

As lo the globe still to he seen at Nurnherg there is no doubt that it was pro- 
duced under his direction, and T propose shortly to publish a full description of it, 
together with a trustworthy facsimile. 


2. Roport on the Climatology of Tropical Africa * — See Reports, p. 383. 


3. Morphological Map of Europe, By Dr. A. J. HerbertsoN. 


4. Ceographlval Comlitiofis affecting BrltUh Trade, 
liy Geo. G. Chisholm, J/.^l., j5..SV.‘ 

Fluctuations In British trade are often discus.«»ed us if they depended .«olely on 
such iiiatU'ra a.s tariffs niid bounties, the igiioraiK'O and negligence or knowledge 
and cnler])rise of iiiercliaiits, the behaviour of masters and men among the indus- 
trial clasH‘«;, railway rates, and so forth. It may therefor** be worth while to call 
attention to some obvious facts show’ing that, geographical conditions are im- 
portant factors to lx* tak<‘u into account in considering such changes. 

The history of Glasgow furiiishe.s a very interesting illustration of this truth. 
Throughout the separate history of Scotland, Glasgow was a town of quite minor 
importuneo. Not till trans-Atlantic trade developed did it rise to the position of 
an important commercial and industrial city. In considering this rise it is im- 
portant to note that, in rebation to such trade, the physical contiguration of Scot- 
hind gives to Glasgow, as its hiiiderlniid, not merely the small valley of the Clyde, 
buttdl the originally richer eastern lowlands of Scotland from the Grampians to 
the Tweed. , t- j 

In discii.^Hiig the subject of the Paper with reference to the, I nited Kingdom 
as a whole, it will he convenient to distinguish between commercial and industrial 
advantages or disadvantages, even although these act and react on one another. 

Commercially, this country has a situation pn^seutiug unparalleled advantages 
in relation to those parts of the w'orld most conveniently reached from the 

* Published in full in the Geograjfhical Journal^ October 1901. 
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seaboard, but no others. The importance of these advantages is well illustrated 
by the great magnitude and the remarkable constancy in the relative value of 
the British entrepot trade, and also by the rapid development and continued 
pre-eminence of our chief textile industry, that of cotton. 

Such being the essential nature of British commercial advantages, all improve- 
ments in connection with shipping, the change from wood to iron and steel as 
ship-building materials, the change from sails to steam as a means of propulsion, 
the improvement of marine engines, the enlargement of ships, the improvement 
and enlargement of harbours, the improvement of the means of communication 
between the seaboard and the interior in all parts of the world, have tended in 
the aggregate more to the advantage of this country than any other. 

On the other hand, all improvements in the means of communication between 
inland centres of production and inland markets have tended to diminish the 
relative value of the commercial position of this country. This consideration is 
illustrated by reference to some facts in the history of the trade of Germany with 
surrounding countries, and that of the United States with Mexico and Canada. 

The industrial advantages of the United Kingdom depend on the great 
abundance of coal and iron ore in convenient situations. It is obvious, however, 
that the development of similar resources elsewhere must reduce the relative value 
of these advantages. With reference to this point the ])osition of two ri\al 
countries is of peculiar interest for different reasons. Germany is so favoured, 
both in its coal and iron lields, that one is led to ask why that country was so 
long in becoming a rival in industry of the United Kingdom. The Unitt‘d States 
is even more favoured, and in the case of that country the interesting point to 
note is how the advance of time is tending to increase its industrial advantages 
relatively to those of our own country. 

Another circumstance tending to lower the industrial advantages of this 
country relatively to those of others is the development of water-power. J^'orintTly 
the use of this power w'as restricted by natural obstacles, hut now these obstacles 
are, to a large extent, removed by the employment of electricity as a m<‘ans of 
transmitting that power. All this must obviously tend moie to the ad\antage of 
such countries as Switzerland, Korway, and Italy in Ihirope, and Canada ami the 
United States in America, than to that of this country, lliider tliislieail the case 
of Italy is of peculiar interest. Water-power is there getting very largely applied 
through electricity. Now, it is to be borne in mind that Italy has an extremely 
advantageous commercial situation. That was shown by the whoh^ history of 
commerce in the middle ages. The opening of the Suez Canal has restored, to 
some extent, this advantage, wdiicJi, liowwer, has not yet b(‘en fully or even 
largely turned to account. But in commerce the great law is that to him that 
hath shall hs given. If, then, Italy, through her watiT-power or in other vva)s, 
is able to develop very greatly a trade based on her own resources, all tlie more 
likely will she be to add to tliat trade a great transit and entrepot trade such as 
she once possessed. 


5. The Influence of Geographical Environment on Political Evolution, 
By Alleyne Ikkland. 

The influence of geographical environment on political evolution in the tropics 
and sub-tropics is a subject which must assume for us an increasing practical 
interest as time passes. In order to emphasise this point it is only necessary to 
observe that, taking the tropics and sub-tropics to mean the heat-belt lying 
between 30° N. and 30° S., the sea-borne trade of these regions is increasing at a 
much greater rate than is the sea-borne trade of tlie temperate lands. 

We know that commerce to-day demands for its best development certain 
conditions of government which must in the main conform to the usages of what 
We call Western Civilisation. Thus the construction of the Suez (]!anal involved 
the F.urop^uuiiMiiir of the Egyptian Government, as tlio Panama or Nicaragua 
Canal of the future will involve the establishment, under one authority or another, 
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of a type of gOTernmont in Central America very diflcrent from that which now 
exists. 

It would be easy to multiply indefinitely examples intended to prove the 
interdependence of commerce and political administration. The history of British 
rule in India might well be founded on that central idea ; and from the earliest 
times Kuropean relations with China have been moulded by the failure of the 
Chinese political system to meet the necessities of Kuropean commerce. 

A brief survey of tlu* history of tropical and sub-tropical countries during the 
past four centuries confronts us with the fact that in three countries only — 
Mexico, Peru, and India — did the first luiropean travellers find native Govern- 
ments possessing any serious elements of stability, and that in each case the 
government was in the form of a military de.spotisni. Broadly sneaking, we may 
say that whatever degree of organised government exists to day in Central and 
South America, in the West liidi(*s, in the whole of Africa, in Further India, and 
in the Malay Archipelago is clue to the intrusion of one or another of the 
European Powers. These countries may be divided into two clashes— one com- 
prising those in which the administration is of direct European origin, the other 
including those in which popular representation eflectively throws the control of 
nilairs into the hands of the local inhabitants. If we accept India as representing 
the former class, and the Central American llepublies as ri-pre.-nifiiig the latter, 
we cannot fail to be impressed by the fact that, although European influence in 
Central Ameruia antedates British iniluence in India by a full century, the 
argument on the facts is strongly against the applicability of representative 
institutions to tropical countries. 

Briefly the (juestion rcsohes itself into one of climatic discipline. In Eurojie 
the ext 1 erne range of temperature demands variety of clothing, and to this 
necessity we may attrihiite the growth of industry in early times, A winter 
season, during which food cannot obtained directly from the soil, involved an 
exce.ss of labour abose the daily need during the season of crops, and from this we 
adduce the development of thrift and foresight. To these two factors, and to 
their innumerahle and far-reaching corollaries, must be attributed the general 
clinrnctor of European (dvilisation. In the development of the tropical man 
neither of these great agc‘ncie.s has been at work, nor, except in a few special 
instances, can it he foreseen that they will come into operation. 

It is not asserted that the natives of the tropics are necessarily deficient in the 
intellectual faculties. To propound such a theory, in view of the constant and 
deserved success of East Indians and Negroes in our l'ni^orsilios and at the Bar, 
would merely betray colour prejudice. Hut wlien we observe the tropical man as 
a legislator or as a responsible adiniuLstrator we find him, witli very few excep- 
tions, to be utterly unsuited to Ills task. 1 think that the available facts justity 
the theory that the climatic conditions of the tropics ha\o set an insuperable 
l)arri(‘r to the advancement of tropical peoples in the direction of popular govern- 
ment. It seems to me that a great deal of futile experimenting would be saved if 
we accepted the principle that in the heat-belt of the world administrative nilairs 
must rest in the hands of s])ecially trained Europeans, guided by the advice of a 
nominated council consisting of representatives of each class of the community. 

It is not because wo would oppress the native, hut because we would save him 
from ojipression and from the evil elfects of rash and ill-considered legislation, that 
we would take the administration of hi> count ry out of his hands. 


6. Itineraries in Vortuyuese Conyo, Ihj Re^'. Thomas Lewis. 

^fhe ancient kingdom of Kongo discovered in the liftoei.lli century is so little 
known at the hegiiiiiiiig of the tW(*mioth. In past giuierations the Portuguese 
were more ill tere>ted in their island plantations, and used their territories on the 
mainland to supply them with slaves. The Government of to-day shows signs of 
activity in opening up the country, and have established three military and iiscal 
stations inland, the latest on the Kwaiigii lii\er. 
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The traveller finds the river banks from the coast to Moqiii sparsely populated. 
Moqui itself is very unhealthy, but is indispensable as the principal port and depot 
for goods into the interior. From here he starts on his inland journey, and travels 
for six days through dreary and monotonous country to S. Salvador, the ancient 
capital of Kongo. 

Here there are ruins of ancient churches, and the main arch of the cathedral 
is in a good state of preservation, the only monument of a great and glorious 
past. There is a Portuguese Resident, two trading firms, and two missions. 

'riireo years ago the writer of this paper was requested to make a ])rospecting 
journey into Zombo, and after traversing the country in several directions esta- 
blished a mission station at Kibokolo. in the heart of Zomho. 

Ti-.n- M'n, east from S. Salvador he ascended the ])lateau at llangu, where the 
Mbrizi River falls into the valley, the xVrthington Falls. TL-- ii*:.* \ proceeded 
eastward, and the source of the Mbrizi was noted. The Kivim aKo rises 

on this plateau. Two days’ journey takes him to the liufunde Valley, the high, 
precipitous rocks and waterfalls on both aides of which are \ery picturesque. The 
river Ijufiindo flows into the Mbrizi to tlie south- we«t. 

Climbing the hill on tin* eastern side the traveller is again on the plateau, and 
Kibokolo is a populoii'S district on the highland, oOjtit'iO feet above the sea. 

The climate is much better on the plateau tlian in th»‘ swampy lowlands, and 
the temperature is much lower, with a good annual tall of rain. 

The soil is sandy and the country naturally well drained, tin*, most noticeable 
feature being the abundance of water in sparkling and crystal streams and the 
absence of swamps. Hence these highlands of Zombo are iinicli bc*altbier for 
Europeans, and malarial fever is not prevalent. 

The flora of the country affords a splendid field for holaniNts. Many parts of 
Portuguese Congo are sparsely populated, but Zombo is an exception, being very 
thickly populated. 

When slavery and native wars and superstitions are done away with tho 
natives of Africa will rapidly increase in number, and the (piestion of tho iiatiNe 
races will be the most difficult of African problems. 

The development of the country must be by the uplifting of the natnes. New 
needs and new^ tastes must be cultivat(*d, so that tho natives may be impelled to 
w'ork for their living. 

Here Christian missions do great good in teaching the peo])le and providing 
them with vernacular literature, so that they are no longer satisfied with savage 
life. Young men arr* train(*d as carpenters, stonemasons, and blacksmiths, and they 
employ themselves in useful worli. Thus the natives take their pdsition as 
responsible beings in the progress and developimuit of tlieir country. 


viiii) \ SEPTJafjjm i:h 

The following Papers were read : — 

1. The Effects of VegcAation in the Valley and Plains of the Clyde, 

By G. F. Scott-Elliot, J/.A., EL.S., iKRM.S, ' 

General characters of the valley in (I) tlie siibalpine, (2) heather and peat, 
(3) sheep pasture, and (4) arable districts; (0) the Falls of Clyde or canyon, 
(6) the valley below the falls, and (7) the Hat alluvial plains about, Renfrew. 

Erosion , — The effect of erosion on peat, bare arable land, and ])ermanent pasture 
is contrasted with a view to showing that the water retained in ])eaty soil, the* 
transpiration amounts of living plants, us W'cll ns the vegetable mailer produced, 
must so alter the character and amount of the erosion that no trustworthy estimate 
can be formed if these factors are disregarded. 

Slopes or svles of the valley , — The successive stages in tlie formation of the 
slope are traced in several instances, taken from the Falls of Clyde and tho 
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tributaries Netban and I£arpersp:ill, &c. It is shown that a perfect series of transi- 
tions can bo found from the vertical cliff or scaur left by the river to the continuous 
steep slope, which is characteristic of the valley-sides throughout this neighbour- 
hood. 

The vegetation is shown to control this slope formation throughout. The 
vegetation covering the space at the base of the cliff forms very rapidly. 
The annual formation of wood and oilier tissues is shown to be very great in this 
sheltered and moist situation (as compaied by measurements with the growth of 
the same plants in more exposed positions). Any falls from above, such as stones 
or rock, earth and vegetable matter washed or blown down, accumulitle at the 
base of the precipice oi scaur, and are at onci* covered over by the vegetation. Thus 
a steep sloping surface is formed which gradually extends up the M<lo of the chff 
until e\eiitually the characteristic V-sbape of the ravines is produc»*d. 

.Measurements showing the aveiage slopes in at least four separate ravines 
were given. 

The undermining of the rock below the fringe of vegetation is shown in some 
cases to result in a slope which eventually unites with the accumulation from below 
to form the characteristic angle of inclination. 

The character of the \ egetaf ion of course alters greatly the tenacity of the 
covering formed by it. Thus trees form an e.\c( i'diiiirl_\ strong network of roots, 
as i.s .shown by the example at Keuiiiuir, where laiidslip.s afiecting the whole face 
of the sloi«* have npp(‘a?vd through the original trei*s having been destroyed. 

An attempt was made to give measurements of the avtTage tenacity of the 
vegetation crust in a few cust*s, provided the practical dilliculties can be overcome 
in time. 

Jlolmlamh or t7///c//y7oor.<.- -(Miaraeter, value, and eonstitutioii of the 

holms at dillerent ])oints of the Civile contra.sted, and tlieir dillerences shown to 
depend on the mixtures of soils and proportions of organic material. The formation 
of these ilat lands is shown to depend chiefly on the work of certain marsh plants, 
of which Svu'inoi //sZ/v’s, P/traf/mifrs^ Vanfhvrxn^ and various sedges 

are the most imjiortanl. 'Flje dilliculty of tracing their action arises from the 
extent to which draining has Ix'cii carried on, but observations are given illustrating 
the species mentioned, and showingr that the ninouul produced in a single year is 
by no means an inconsiderable quantity. 

ShiiHjIv Ms . — 'file shingle bed.s and the manner in which tliey are covered by 
vegetation is al.^o di.sou.ssed sluirtly. 

An attempt is made to .sluiw on tin* nuip tin* approximate boundary of what 
was at one time river and e.stuariue marshes. The diflicnlty of deciding upon the 
exact hoiiiulary line is shown to di'pend upon tin* amount of honlder clay anddritt 
which closely re.'«emblcs the ordinary alhuium. If time is left, an allcmpt will he 
mad«‘ to compare the alluvial formations of other countries with those of the 
C\y\Q. 


± The Scottish N'atvrnl History Socu'tys Scheme for the. Investigation of the 
Forth Valky, //// Mauion Nkwbkjix, D,Sc, 

'File paper gives an account of a scheme wliich has been undeitaken by the 
Scottish Natural History Society at the suggestion of Sir John IMurray. It is 
proposed, tirst, to arrange, in a readily available form, references to papers already 
puhlislu'd on the natural history of the Korfli Valley, including its botany, zoo- 
logy, and geology ; secondly, the Society propo.ses to utilise its various sections and 
the labours of its individual meiub(,*rsin llu' acquisition of a mass of detail in regard 
to the exi.sting organic conditions in the valley of the Forth, with the primary object 
of providing a basis of fact upon which conclu^ionsinay be later established, although 
the opportunitie.s of the work as a means of training observers will not be lost 
>iglit of. It is hoped that the work may be carried out in such a way that the 
cimdiliniis of existence of the most important organisms within the area may be 
readily usci'rtaiuod by reforonce to the Society’s records. 
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3. Methods and Objects of a Botanical Survey of Scotland^ 

By W. G. Smith, B,Sc.^ Ph,D,^ Leeds, 

The botanical survey now under consideration was initialed by Robert Smith, 
of Dundee, and was drawn up in co-op€*ration with a survey of Irnnce on similar 
lines, the project of Professor Ch. Ilahault, of !Montpellier. According to this 
method the vegetation of any area is regarded as consisting of a collection of plant- 
associations the distribution and extent of which nre indicated on standard maps 
by distinctive colours. Each association of plants is adapted to certain conditions 
of food-supply, heat, light, moisture, &c., and one of the objects of the survey is to 
obtain fuller information on these life-conditions of plants. 

Each plant-association consists of a variable number of species, which may ho 
arranged thus : 

(a) One or more dominant social (gregarious) species: these are used to name 
the pssociation, c.g.^ oak, beech, pine, heather, &c. 

(/^) Secondary social species struggling for dominance. 

(c) Dependent species protected by the dominant forms or more oi less de- 
pendent on them for food, &c. 

A feature of the survey is the collection of field-notes and lists of species in 
order to amplify our knowledge of plant-associations and specii‘s included in each. 

In Scotland the following have been found to be the most suitable assctiatioiis 
for recording, and they are equally applicable to a botanical survey in ]uogiebs in 
various parts of ICngland : — 

I. Maritime and littoral group of associations. 

II. Agrarian group. 

(rt) Culiivation: (1) with rotations including wheat— upper limits, 600 
to (1(X) feet ; (2) without wheat — up to limits of cultivation, 1,000 to 
1 ,*J60 ftHit. 

(h) Woods of deciduous trees: (1) mixed deciduous woods with lieeeh, 
oak, &c. — upper limits, 700 to J,()(!0 feet; oak woods vvitliout 
beech — upper limits, 1,000 feet. 

III. Suh-alpine group (1,000 to 2,000 feet). 

(rt) Woods: (1) Scots pine or mixed conifers— upper limits, (o 

1,800 Icet ; (2) laich woods — upper limits, 1,.*{()0 to 1,^00 feet; 
(.’J) birch woods— up])er limits, ],r>()0 to 2, COO feet. 

(6) Hill pasture and moorland: (1) gru.'S lull pasture nstocialions ; 
(2) heather associations ; (.’1) coltoii-giuss and heather associatious on 
peat-biig, 

IV. Alpine group (2, OCX) to 4,000 feet). 

(1) Heather .associations, up to ;},100 feet. 

(2) Rilberry {Vacciniinn myrtillm) association, up to 3,(500 feet. 

(o) Alpine pasture associations. 

(4) Alpine plateau with mosses, lichens, kc, 

(5) Alpine crags. 


4. Notes on Argentine Anfhropo-geography, 

By F. P. Moreno, Director of the La Plata Museum, 

The paper gives an account of the distribution of the extinct and existing 
human raci*s in the Argentine Re])ublic. 

There are in Argentina the lemains of men who lived before the cmitiiient 
bad acquired it.s present relief and contour. Afterwards tlii*se men, developing, 
commenced their . -.^hile another race appeared in the regions of the 

West at the end c. ; i ■ ... i epoch, and the ancient people were pushed to the 
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South, where to-day we meet their descendants; and amon^^st them we note an 
extraordinary variety oF types ol)served in n<» other country in the world. Man 
lived in caves with extinct mammals as man lived in European caves of the 
Pleistocene period, and other people migrated from the northern extremity of the 
American continent. We iind Polynesian anthropological elements mixed with 
the Patagonian, Polynesian culture among Calchaqui and old Peruvian culture. 
Advancing in time, we iind a complicated civilisation which it is impossible to 
ally with any known type, yet pr- « iitiiiir an astonishing similarity in some 
respects with that of people who li\r I in lii- same latitude in the northern hemi- 
sphere and in lands of similar physical conditions. There is a remarkable analogy 
betw(*en the petrographs extending from Arizona to PatsiL'oiii.i. on both sid<*s 
of the Andes, and between their indu‘<trial arts and myllis. In intermediate 
countries there are identical analogit‘s with races of the South and of the liia.st. 
In Bolivia the ruins of TiahiianaeO and other similar ruins have no autecedents; 
the people to which they are reierr(‘d, th-‘ one that used the macrocopbalic ilefoi^ 
ination, lins its representatives from Vancouver to I*atagonia ; in the okl Peruvian 
pottery the huniau types are not nil those of the natives of to-day, but those of 
Patagonia, Tierra dtd Euego, and Chile; in this ])ottery Mexican types appear 
re])resented as prisoners; 8e\eral small artistic ttUTa-cottas, so common in the old 
Mexican towns, ha\e betm disco\ert‘d in llu^ pampas of Buenos Aires; while otlu-r 
Mexican objects are the same as some of (\ilchaqiii. ('alchaqui remains extimded 
from the Atlantic ti> the Pacific, an<l fn>m l*atagonia to Peru an inter- Andean 
trade has existed in 1 emote t‘pochs showing the enter) »n^e of the pco])les which 
maintained such relations across so great a barrier. When we remember all these 
fa(‘ts, we cannot but believe that man in South America has had a very long 
existence, and that iiitercont mental, and <‘veii mleroceanic, communications have 
hceii maintained from the prehistoric times until the day when the Sj)auish 
conquistador^ continued the work of the wild tnhe^ in destroying the older 
i ivihsat ion. 

But who are tin* ()na>, the Tclun‘lche^, the (lennakcns, the Arancanians, the 
^lisioncs, and Olnico tnl)e>, the Oalchaquis*r It is impo>sil)le to answt*!* these 
qiiesiions at- ])r<*scnt. Tin* im))ortance of thes(» in\<‘Stigations has bct*n indicat(‘d in 
the lio]>e that it ina\ conduce to the solutnm td’ these probhans, but- the author 
thinks that ^\e are already in ])rcscnce of the elements which formed tin* old and 
loM civilisation, the ruins of wliich an* spread over the whole cemtiueut of ^joutli 
Aunn'ica. The anthrqnilogist treating of North America <mly, and ignoring what 
<*an be S4*en in »S<Hitli Anienca, .‘«.U))poses that the latter contmciit v\a.s ))eopled l)y 
the races of the former, and that tin* uiiccslors of tin* Pueblos were also tin* 
founders of tin* old civilisations of Peru and Bolivia; but jirobably ilie JSoiitb 
American origins arc tin* older, and tbero is am)>lc evidi‘nce in siipjiorl of this 
contention. Palieontology has dcuicmstralcd that the Pa uqieaii mammals migrated 
from the South to Mexico and the l-'i)itt*d States, and it is not impossible that 
men may have taken tin* northward route. It is trm* that the Mastoilon is both 
a European and North American mammal, but it is not to be forgotten that its 
remains are also abundant in South America, in beds of tJie same age as, or older 
than, those <d‘ North Ann*rica and Kuropi». 


T). Some Kvplnrotionti of Amlcan Lakes, i??/ H esketii Prichard. 

Itinerary of expedition — Tlio J^ampas — Diilicullies of transport — Arrival at 
Colohnapi - The Tehnelcho Indians -Tln*ir appearance and method of life — Lago 
Buenos Airt*s — 8anta(h-nz — hollowing Darwin s route — Arrival at Lago Argen- 
tino — Mrst down-slrt*am navigation of the Kio Leona -Exploration of Lago 
Argon tiiio — The Forests— Discovery of a new lake — Homeward. 


6. JIT. Elisee JSedus^ Map on Natural Curvature. By M. Reclus-Guyon 
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SATURDAY, SEPTEMBER 14. 
The Section did not meet. 


MONDAY, SEPTEMBER Ifi. 

The following Papers and Reports were read : — 

1. The Belgian Scientific Expedition of Ka-Tanga^ 

By Captain Lemaire. 

The duty of a scientific exploring expedition is to study in all its aspects the 
object which has been assigned to it, and not to concern itself with nllairs. 

The scientific apparatus and equipment of the expedition were enumerated. 

The European staff of the expedition; loss of two of their number who wore 
drowned in Tanganyika ; their replacement by others. 

Work of the Expedition » 

Cartography, — 6,600 kilometres of itinerary mapped on a large scale ; map of 
1 : 1,000,000 in four colours, containing 105 stations determined by astronomical 
observation. 

Terrestrial Magyietum. — 117 stations determined by the three magnetic com- 
ponents. 

AUimetry. — Remarks upon the establishment of a single table for the deter- 
mination of altitudes in equatorial Africa by a single reading of the barometer and 
the thermometer, without the kiiowledgtj of theat» data for the same moment at a 
point of comparison. Altitude of Tanganyika ; the greatest altitudes noted. 

Meteorology, — Four stations for observation were at work from August 18f)H 
to August 1900, furnishing data relating to tenipt*rature, atmospheric* prt*SvSur<\ 
moisture, evaporation, duration of insolation, radiation Irom the* earth, atmospheric 
precipitations, the nature and direction of clouds and winds, the transparemey of 
the air, &c. Certain remarkable phemoraena. 

Geology, — ^The geologist and the prospector of our expedition have drawn up 
detailed reports, accompanied by maps and geological .sections. Forty cases of 
mineralogical specimens were collected. 

Fauna and Flora. — An herbariuin was collected: 100 coloured plates have 
been prepared ; ten cases of spc’cimens were brought back. A rapid glance over 
the economic fauna and flora of the country traversed. 

Ethnography, — Anthropometric determinations ; ten cases of collections. 

Photography and Painting , — 350 photograjdis ; 290 canvasses, watercolours, 
and sketches. 

Qempation of the Country hy Europeans . — Description of the platenuK of higli 
altitude, 1,790 to 1,9(X) metres; food-products: European potatoes, wdu*at, lOiiro- 
pean vegetables, fruits, rice, &c. ; domestic animals, both large and small, uninjun^d 
by the ts^-is^; the White Fathers of Tanganyika and their admirable work; the 
steamers on Tanganyika and Moiiro; our meeting with Major (lihbons; Anglo - 
Belgian relations. 

2. Report on Terrestrial Surface Waves. — Seo Reports, p. 398. 


3. The Mean Temperature of the Atmosphere and the Causes of 
Glacial Periods, By II. N. Dickson, B,Sc, 

If we suppose that secular variations of climate in the past have been due to 
changes in the mean temperature of the atmosphere, it is most probable that such 

’ Published in the Scottish Geographical Magazine, October 1901. 
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changes have been accompanied by large relative alterations in the gradient of 
temperature between the equator and the poles. But this diilereiice of temperature 
is tlie primary cause of the whole planetary circulation of the atmosphere, the 
form and intensity of which must have varied with it, both absolutely and rela- 
tively to the modifications produced at the earth's surface by the distribution of 
Land and sea. The general conditions lead to the conclusion that a lowering of 
mean temperature would h<i accompanied by an increase of the (‘quator-poleward 
gradient, and a rise by a diminution of it. Ferrel’s theory of atmos])herlc circu- 
lation would then suggest that in the former case the plan(‘tarv circulation would 
become more acti\e, the tropical high ])reNsuTe belts would be disjdaced to lower 
latitudes, and the modifying inlliience of great continental areas would he rela- 
tively diminished ; while iu the latter case the circulation would be less energetic, 
the tropical belts would bo lartliev from the equator, and the contrast between 
oceanic and continental climates w’ouhl be more shar])ly delined. 

The probable ellects (»f such changes on the distribution of precipitation, and 
especially on the ])o.sition an<l (lir(‘cti{Ui of tlie great. c\ clone tracks, are examined, 
and it is siijigested that the greater pro]*ortion (d rainfall received with easterly 
w’iiids on the ])olar sides of cvcloiu's, in lower latitudes than at present, may ev- 
plain some peculiar features of glacial phenomena. In any case, the a3])ects of the 
problem to wliich attention is drawn deserve fuller rt‘cognition than they have 
received; the\ indicate that the \ariatioris of tem])eratuve r(‘quired to account for 
climatic changes are of smaller ran^t* than has been suppo>ed, and tliey m.„y, br the 
exclusion of some survninir tlioories, assist in deteniiining the true cause. 


•I. Ji^port on Snrv>^if af Ih'ithh Pn^feeforat^s , — See Reports, p. 390. 


5 . Nnrthprti OnUtrlo : If a Geotjmpinj (tml liemurcfs, Btf Robert Bell, 

J/.A, A>Sc., LL.D.^ P.P,S,^ Direct or of the Geolorjical Snrveif of 

Canada. 

Norl hern Ontario, now also called New Ontario, comprises more than half of 
the whole province, or all that p »rtion lying norlh-wewt of the line of Lake Nipis- 
sing and the French Uiver It has a length of fully SOO miles from Mattaw'a, on 
the Ottaw'n, to tin* eastern line of Manitoba, near the junction of the Winnipeg 
and Fnglish llivers, and a breadth of lOt) mile^ from the outlet of Lake Siijierior 
to its most northern part, wdiich is at the mouth of the Albany River on James 
Bay. The eastern boundary, w’hicli follovvs the Ottawa River and tlie meridian 
line from Lake Teiniscaniing, on that stream to .Iann*s fhiy, is also nearly 100 miles 
in length ; but tlie western half of the r»*gion has an avt'rage brea«lth of only '200 
miles. I'aking tin* eastern houndarv as a iiase. Northern ('liitavio is roughly tri- 
angular in form, the apex hiiiiig at the westtTii extremity. The .Hoiitliern houiidiiry 
is formed by laikes Huron and Superior and tlie mnaiierii lint* of the Stale of 
Minnesota, Avhilo the norf hern houndarv is delined by tlu* Knglish and Albany 
Rivers and part of the sliore of James Bay. 'flu' iast-naim‘d circumstance gives 
Ontario a claim to be eonsidered a maritime ]»rovince, witli a seaport at 3Ioose 
Factory and possibly others at Fort Albany and Hannah Bay. The total area of 
Northern Ontario is estimateil at 72,000,(VU) acres, or about one ami one-third times 
that of Southern Ontario. Its iiosition lies between lat. BPN. and hit. N.,and 
the climate i.s ahoiil normal for those degrees of latitmh*. The ])nper gives a 
general geogranliical descri])tioii oft In* relief, g*<*nlegv, and hvdrography of Northern 
Ontario, and deals espi>cially with its resouree.'s in the w’ay of minerals, agricultural 
land, iisberies, and forests. 

The principal rivt*rs and lakes of what is now Northern Ontario were surveved 
topographically ami geologically by luvsidf in the thirtv -one years from 1809 to 1900 
inclmsive, ami t hey have been described invnrionssmnmarv and detailed reports of the 
Oeologiciil vSurvey. Maps have been published showing Tjake Nipigon, the country 
aroundTlmuder Bay, the whole of the basin of Moose River, the Sudbury district, 
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and the region around French River. The map^ resulting from many of my sur- 
veys have not yet been published, although on tile in tlie office of the nfolt»irionl 
Survey, and accessible to anyone requiring them. In 1900 the Government of 
Ontario sent out ten surveyors, in charge of an equal number of parties, to inspect 
Northern Ontario. The reports of those surveyors and explorers, recently pub- 
lished in one volume, amply confirm all that I have said during the last thirty 
years, in the Geological Survey reports and elsewhere, in regard to the ‘ New 
Ontario.’ A small-scale map, compiled from the most recent surveys and explora- 
tions, accompanies the paper. 


6. On the Systematic Exploration of the Atmosphere at Sea hij means of 
Kites. By A. Lawrence Rotcii, Director of Blue Hill Meteoroloy iad 
Observatory {Massachusetts^ U.S.A.) and American Member of the 
International Aeronautical Committee. 

It is appropriate that this paper should be pivsen^^ed at Glasgow, since it was 
here that Dr. Alexander Wilson first used kites for meteorological observations in 
1749.^ 

with continuously recording instruments was originated at Blue 
Hill in Joild, and the progress of the ^vork is set fortli in fi\o annual leports ure- 
sented to Section A of this Association. Although the meteorological conditions 
up to a height of three miles above this region liave been ascertained by several 
hundred kite-flights, j’et since wind of at least twelve miles an hour i< required, 
certain types of weather — notably the anticyclonic — can iiirely be stiulied. 

The method proposed not only permits kites to be flown in ealm -weather, but 
enables data to be obtaineil a mile or two above the oceans, wdiero no observations 
have been possible liitlierto. Tlie method ocinsists in installing the kites and ap- 
paratus on board a steamship, which, -when travelling through calm air at a speed 
often or twelve kijots per hour, enables the kites and instruments to be raised to 
the height that can be reached in the most favourable wind. Should the wind la* 
too strong, its force may be moderated by steaming with it. In this way the kites 
can be flown at all times and in the equatorial regions, where a knowledge of the 
conditions of the upper atmosphere is needed to complete our theories of the 
atmospheric circulation. 

The use of kites to the best advantage requires a vessel that can bo mnnceuvre<l 
at will, and therefore experiments -were made in Massachusetts Bay on a tug 
having a maximum speed of ten mile.s an hour. Although tlie wind blew oul\ 
six to ten miles an Lour, and at no time -was strong enougli to lift the kites, yet by 
steaming towards it within 4o® of its mean directifiii, tlu* nieto()rogra]ili was raised 
to a height of half a mile. The ease with which the kites were launched and the 
steadiness w'ith -which they flew in the uniform artificial wind were noticeable. A 
trial of the kites w’as next made upon a passenger steaniej* crossing llie North 
Atlantic in order to ascertain wlietherit was possible to obtain in this way meteoro- 
logical data frequently during the voyage. Flights were made on ti\o days, ^^herl 
although the winds accompanying- an anticyclone were too liglit to' lift the 
kites, the artificial wind, caused by the eastward motion n £ the vessel at a sjieed of 
15 knots, sufficed to carry the kites and meteorograph to a maximum height of 
one-third of a mile. Had it been possible to alter the courM* of the vessel the kites 
could have been flown every day. The kite records obtaim^d m this anticyclone, 
in connection with similar ones on deck, show abnormal changes of temperature 
with altitude ab«)ve the ocean, great ihictuations in relative humiditv, and slight 
variations in wind velocity. A series of such flights on successive voyages would 
disclose any difference in the vertical distribution of the meteorological elements 
above the ocean as compared with that over the land, and in weather condi- 
tions like the above would furnish data for the upper air that cannot be obtained 
with kites at a fixed station. 


' Trans. Roy. Soc. Edinburgh, vol. x. part ii. pp. 284-286, 
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7. Report on Changes of the Land-level of the Phlegrcean Fields. 
S(‘o Reports, p. .‘5S2. 


TIfESJh\l\ HEPTEMJiER 17. 

Tlie follow Inpf Papers were road : — 

' 1. Weather J/ap.s. By W. N. Shaw, FJl.S. 

The author exhibited a Sf*t of speeiriKuis of the daily weather reports i-su(‘d by 
dilleri^nt European and extra-Pluropt'iin eonntriea in 1901. 'fho maps of the 
following countries were shown: — 


rUROPUAX. 


Extra-Kdkope \x. 


Austria. 

Algeria. 

Bavaria. 

Australasia. 

Belgium. 

Canada. 

British Iftlcs. 

India. 

Denmark. 

„ Bay of 1 

F ranc(‘. 

Japan. 

(ternmny. 

Mexico. 

Holland. 

Italy. 

Portugal. 

Iloumania. 

Bussia. 

Saxony. 

Spain. 

Switzerland, 

United States. 


2. The National Antarctic Expedition, By Dr. J. Scott Keltie. 


3. With the ^Discovery' to Madeira, By Dr. H. W. !MiLh, F,R,S,E, 


4. The Methods and Plans of the Scottish National Antarctic Expedition, 

By W. vS. Buuck. 


5, The Experimental Demonstration of the Curvature of the Eartlfs Surface, 
By H. Yule Oldham, M,A, 

Tn 1870 Dr. A. U. Wallace performoil his wtll-known Bedford Tuevel 
experiment. In the snnimors of 190() and 1901 a series of similar experiments was 
rondo with the special object of ohtniiiinfr plioto«rraphir records of the same. The 
Ih^dford Ijovel is a portion of the Pena nortli of through \rhich in the 
seventeenth century two gi'oat canals were made, tliortoning the course of the 
Ouse. Of these, one, the I^ew Bedford river, is tidal ; the other, tlie old Bedford 
river, has locks at each end, and presents long, straight stretches of water without 
current or tide. The six-mile stretch of the old Ikulford river between Welney 

1901. 3 B 
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and Denver was selected, as it is perfectly straight, has a hridgo at each end, but 
none in between. The height of the paraj^t of Weluey bridge above the water 
level was measured, a mark was set up on Denver bridge at the same height above 
the water-level, and midway — three miles from each end — a mark was set up on a 
^ole at the same height above the water-level. A telescope was then directed 
from the parapet of AVelney bridge to the mark on Denver bridge, and the middle 
mark was seen to stand up about six feet above the line of sight, agreeing with the 
effect calculated to be produced by the curvature of the earth’s surface. 


G. Traveh in China. By R. Logan Jack, LL.D.^ F.R.G.S. 

The party, consisting, besides the writer, of his son R. Lockhart .Tack and ^Ir. 
J. R Morris, employed by an English capitalist who had obtained mining conces- 
sions in Szechuan, left Shanghai on January 4, 1900. 

Having reached Ichang (1,000 miles) by steamers up the Yangtse, a liousoboat 
was cliartered by which the party made the voyage to Ohiing King, a further dis- 
tance of 392 miles. 

An overland journey of 299 miles was then made to Chengtii, the capital of 
Szechuan, wr the coal mines of Lung Chang and the brine wells of Nei-Kiang- 
Hsien. 

The party had occasion to cross five times the Chengtu Plain, whos(» fertility, 
enhanced by a perfect system of irrigation, tumbles it to support four million in- 
habitants. They visited and mapped the \ alloy of Ihing-ling-tse, where copper 
mines are worked by the Chinese, and made a ‘ loop-cast ’ of G07 miles to the 
‘Northern Alps,’ at first through a large tract of undescribed country and after- 
vards over Gill’s route of 1877, via Lung-an and Sungpan. 

Leaving Chengtu on June 19, this time accompanied by Mr. Herbert Way, 
who represented an English company, the party travelled by road (.350 miles) to 
the Maha Gold Mines, which overlook the left bank of the Ya-hing River. Here 
their stay was cut short by long-delayed communications from Chung King 
relating the capture of the Taku forts, the tragedies of Tientsin, and tin* supposed 
massacre of all foreigners at Pekin. The Jlritish Consul at Cluing King ‘most 
strongly advised ’the party to make for Durma. 

An attempt was made to roach Kampti, mi the Tapper Trrawadi, by the route 
followed by Prince Henri of Orleans, and the party got us far as Hsiao Wei-si, on 
the Mekong, where a French missionary related some of Prince Henri’s experi- 
ences and demonstrated the uselessneas of the attempt so late in the season. 
Jt was judged impriHent to run such risks. Nine days after leaving Maha the 
party were the guests of a Lolo chieftain, the Toussa of Kwa-pit. Hetwe(‘n tin* 
Yangtse and the Mekong extra precautions bad to he taken in crossing a pass 
infested by robbers armed with crossbows and poisnn(*d arroA\ s. 

Very unwillingly, the party, whose leading idea was to keep as much ns 
possible among the Lolo aborigines and half-Tibetan Sifan tribes, retraced their 
steps, and leaving the Yangtse at Shi-Ku made for Sin Kai or Bliaino, a route 
which brought them again into contact with the Chinese. 'Pliey (u-ossed the 
Mekong and Salwen Rivers, and finally reached Bharao, in U])per Burma, on 
October 21, after overcoming many obstacles. At Yung-chaiig further progress 
seemed to be barred by the refusal of the Carriers’ Union to transport the baggage 
of foreigners, and the tales which the coolies had been told of the t(*rrors ot the 
‘ fever valley ’ (Salwen) had so demoralised them that they were with difliciilty 
prevented from deserting in a body. 

Interesting observations were made on the Lolos and Sifans, as well as on the 
Shan tribes of the Tai^ping Valley and the Katchins of the mountain regions on 
the border of Burma. The distance from Maha to Myothet- on the Irrawadi, was 
estimated at 874 miles. 

The journey afforded opportunities of mapping, to some extent, the margin of 
the Chengtu Plain and the rivers which fall into it from the north. Portions of 
the courses of the Ya-lung and Yangtse, near Kwa-pit and Li-Kiang respectively, 
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were also laid down with more definiteness than had previously been attained. 
These rivers both make remarkable bends which are not given in any European 
map. 

A number of views, by Mr. U. LookliartJack and o1 hers, illustrative of the 
j ourney ‘were exhibited by the aid of the lantern. 


7. The Crux of the TJj^per Yangtse. By Auchibald Little. 


8. The Rejn^csentnlion of the lleaveue in the Study of Cosmography, 
By A. Galerox. 
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Section R— ECONOMFC SCIENX^E AND STATISTICS. 
President op the Section — Sir IIobert (iifpen, Iv.C ]3., F.R.S. 


THURSDAY, SEPTEMBER 12. 

The President delivered the following Address : — 

The Imjyortnnce of General Stnflsficnl Ideaa, 

I TRUST you will excuse me, on an occasion like the present, for returning to a 
topic which I have discussed more than once — the utility of eomm«)n statistics. 
A\ hile we are indebted for much of our statistical knowledge to elaborate special 
inquiries such as were made by ^Ir. Jevons on prices and the currency, or have 
lately been made by Mr. Booth into the condition of the Ijondnn poor, w»' are 
indebted for other knowledge to continuous ollicial and unollicial records, which 
keep us posted up to date ns to certain facts of current life and busines'-, without 
which public men and men of business, in the daily concerns of life, would bi‘ very 
much at a loss. What seems to me ahv'ays most desirable to understand is the 
importance of some of the ideas to be derived from the most common statistics of 
the latter kind — the regular records of statihtical facts whicli modern soideties 
have instituted, especially the records of the census, which havi» now existed for a 
century in most European countries and among peoples of iMiropean origin. 
Political ideas and speculation are necessarily coloured by ideas ••liL'inatiiig in 
such records, and political action, internationally and otherwise, would be all the 
wiser if the records vvero more caiefully observed than they are, and the lessons to 
be derived widely appreciated and understood. 

1 propose now to refer brieily to one or two of these ideas wliicli wc*re taken 
up and discussed on former occasions,* and to illustrate the matter farther by a 
reference to one or twf> additional topics suggested in llu* same manner, and more 
particularly by the results of the last cimsus investigations, which complete in this 
respect the record of wliat may he called the statistical ciuitury par e,icoUenoe — 
the century which has just closed. 

Increase of European Population during last Century, 

The first broad fact then of this kind, which I have discu.^sed on former occa- 
sions, is the enormous increase of the x>opulation of European countries and of 
peoples of European origin during the century just passed, especially the increase 
of the English people and of the United States, along with the comparative 
stationariness of the population of one or two of the countrii's, particularly France, 
at the same time. The growth all round is from about 170 millions at the begin- 
ning of the century to about .510 millions (excluding South American countries and 
Mexico) ; while the growth of the United States alone is from a little over o to 
nearly 80 millions, and of the J^nglish population of the British Empire from 
about 15 to 65 millions. Germany and liussia also show remarkable growth — 

* Cf. Essays in Finance, 2nd series, pp. 275-..3G1, and Proceedings of Manchester 
Statistical Society, October 17 1900. 
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from 20 to millions in the ones case, and from 40 to 135 millions in the other — 
partly due to nimexation ; but the g?*owth of France is no more than from 25 to 
40 millions. Without discussing it, we may understand that the economic 
growth is equally if not more remarkable. The efiect necessarily is to assure the 
prepoiuJeraiice of Kuropean peoples among the races of the woVld — to put aside 
completely, for instance, the ■ - of yellow or black perils arising from the 

supposed overwhelming mass • : \ : w or clack races, these races by comparison 
being stationary or nearly so. The increase of population being continuous, unless 
some startling change occurs h(*fore long, each year only makes European pre- 
])oijder.incM! more secure. J0<tually it follows that the lelative position of the 
English Empire, the United St.*it(‘s, Tlussia, and (lermany has become such as to 
make them exclusively the great world powers, although France, for economic 
reasons, notwithstanding the stations riness of its population, may still l>c classed 
amongst them. Wluui one thinks wduil international politics were o-ily a hundred 
years ago — liow su]»reme France then appeared; how important were Austria, 
Italy, Spain, and even countries like Ilollaiid, Denmark, and Swedt u — we may 
surely recognise that w’itli a coinparativelj new United Slates on the stage, and 
with powers like Iviissia and (lermany come to the front, the world is all changed 
politic.'illy as well as economically, and that new ])assiona and new rivalries have 
to be, considt'W'd. 

The ligurrs also suggest that for some time at least the movements going on 
must accentuate the cliaiige that has occurred. According to the latest figures, 
there is no sign that eith- * in France or any other lOuropcan country which has 
hwn comparativtdy stationary has any grtiwth of pojmlation commenced wdiicli 
will reverse the change, while a large increase of population got‘s on in the lead- 
ing countri(‘s nanual. This increa.Mi, it is alleged, is going on at a diminishing 
rate — a point he discussed afterwards - - but in the next generation or two there 
is practically no doubt that the United States will he a larger international factor 
than il is, hotli absolutely and relatively, and that Dussin, (fermnny, and the 
English people of the Dritish Jhii]dre wdll aUo grow, though not in such a way, 
apparently, as to prevent tlu* greater relative growtli of the United States, and 
n()twith^tallding perhaps some relative changes of a minor character amongst 
tlieiiiselvos. 

'file foreign nations then with which the Ih'ilish Empire is likely to he con- 
cerned in the near futun* are Dussia, Germany, and the United States; and other 
Pow’crs, (‘veil France, must iimrt* and more occupy a second ])lace, although 
France, for the luoiueiit, partly in consequence of its relations witli liussia, 
occupies a special place. 

Special Position of ] British Empire, 

Another i<lea which follow’s from a consideration of the same facts is tho 
necessity laid upon the Jhithsli F.ui])ire to consolidate and organise itself in ^iew 
of the large addititms of Mihject races made to it in the last centuvy, aijd especially 
in the last Iwonty yriwA of tlie century. In a paper which I read before the Iloyal 
(Jolouial Institute two years ago, uu attempt was made to show tliat the burden 
imposed on the white races of the Empire by tiieso recent acquisitions was not 
excessive as far ns llie jjrospect of internal tumults w’as conciTued. Kelatively to 
some other Ihiwers, especially France, w’e lia\ e also been gaining interiintionully in 
strength and resource.s. Dut whether we had gained internatioually on the whole, 
looking at the grow’th of Powers like Pussia, the United States, and Germany, 
and their greater ai'tivity in world-politics, w’as a dilferent question. Tho problem 
thus stated remains. It would be foreign to tlie scojie of an address like this, 
which must avoid actual polities, to examine how far light has been thrown on it 
by the South African war. No one can question at least that the organisation of 
the Empire must be governed by considerations which the iiitcruational statistics 
suggest, and that, no step can be taken safely and properly unless our public men 
fully appreciate the ideas of international strength and resources as well as other 
considerations which are germane to the subject. 
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Europe and Foreign Food Supplies, 

Anotlier idea to 'which attention may be drawn appears to be the increa.>iiig 
dependence of European nations upon supplies of food and raw material obtained 
from abroad. We are familiar with a conception of this kind as regards the 
United Kingdom. For years past we have drawn increasing .supplies from 
abroad, not merely in proportion to the growtli of population, but in larger pro- 
portion. The position here obviously is that, with the industries of agrieulture 
and the extraction of raw materiiil (except as regards the one article, coal) prac- 
tically incapable of expansion, and with a population which not only increases in 
numbers, but which becomes year by year increasingly richer per head, the con- 
suming power of the population increases with enormous rapidity, and miust be 
satistied, if at all, by foreign import.s of food and raw materials ; there is no other 
means of satisfaction. Eiit what is true of the United Kingdom is true in a greater 
or less degree of ceitain European countries — France, the Low ('ounlnes, the 
JScandinavian countries, Austria-1 1 imgar\ , Italy, and (Termuny. lispecially is it 
true in a remarkable degree of (Termany, whieh is becoming increasingly industrial 
find manufacturing, and where the room for expansion in agriculture is now very 
limited. Those interested in the subject may be referred to an excellent imper by 
^Ir. Crawford, read at the Royal Statistical Society of London about tAvo year.s 
ago. What 1 am now desirous to point out is the j rature of the 

idea, 'which neces.-^arily follows irom the ccmception of u l.uroi'aM po]>uIation 
living on a limited area, with the agricultural and extractive possibilities long 
since nearly exhausted, and the pojiulation all the tune increasing in nunil)er.s and 
wealth. Such a population must import more and more year by Near, and must 
be increasingly dependent on foreign sujiplies. 

I shall not attempt to do over again wbat is done in Mr. (’rawford's paper, but 
a few figures may serve to illustrate what is meant. In the * Statistical Abstract ' 
for the principal and other foreign countries T find tables for certain European 
countries classifying the imports for a series of years into articles of food, raw and 
semi-manufactured articles, &c. From these I extract the following particulars 
for all the countries which have tables in this form 


Imports of Articles of Food aiul Haw Materials and Serni-manufactured 
Articles into the undermentioned Countries in IHSS and ISOS compared. 


1888 


18'.)« 


lucTfllSC 

Amount Ter Cent. 


AiiTiCLEs OF Food, kc . 


T8/,)7G 

105,391 

27,410 

007 

1,819 

912 

1,,50:{,00() 

1,505,000 

Nil 

258,000 

352,000 

94,000 

274,480 

391,000 

117,120 

r (IHOl) \ 
1 108,411 J 

191,919 

92,178 

1 


Russia . , 1,000 roubles 

German Empire min. marks 
France . . 1,000 francs 

Switzerland . „ 

Italy , . 1,000 lire 

Austria-Hungary 1,000 gulden 

Raw and Semi-makufactueed Matjjeialh. 


Russia , , 1,000 rouble.s 

German Empire min. marks 
France . , 1,000 francs 

Switzerland „ 

I^aly . . 1,000 lire 

Austria-Hungary 1,000 gulden 


241,497 

313,029 

1,507 

2,247 

2,01 1 

2,348 

308,110 i 

390,111 

398,330 

50tMl« 

231,000 ' 

293,000 


71,i;i2 

740 

82,001 

111,088 

() 2 , 00 () 


:i5 

100 

Nil 

40 

42 

85 


2i) 

1!) 

10 

27 

28 
27 
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The drawback to this table is that it is one of values. Consequently the in- 
crease of values in the later years may in part be one of values only without corre- 
sponding increase of quantities. But the general course of prices in the period in 
question was not such as to cause a great change of values apart from a change in 
quantities. The inference seems undeniable, then, that the Continental countries 
named, especially Germany, have largely increased their imports of food and raw 
materials of recent years — that is, have become increasingly dependent on foreign 
and oversea supplies. The position of Germany, with its enormous increase of 
food imports— from 007 to 1,819 million miirks, or from 45 to over 90 million 
sterling, and its corresponding increase of raw material imports — from 1,507 to 
*2,2i7 million marks, or from 75 to 112 million - I - esperiallv remarkable. 

An examination in detail of the quantities ■ • p ■!■■■■ ! particular article ^ would 
fully confirm the impression given by the summary ligures. Hut it may be enough 
to refer Id the 'Statistical Abstract* from Avhicli I fiave been quoting, as well as 
to Mr. OnawfordV paper. Tlie figures are not out of the way in any respect, and 
it is the idea we have now to get hold of. 

The inference is that the dill'erence between the United Kingdom and Continental 
countries, especially Germany, as regards dependence on foreign supplies of food 
and raw materials, is only one of degree, and that, as regards Germany at least, 
the conditions are already reinarkahiy like those of the United Kingdom, while the 
more rapidly Germany iiicr- ases it.s manufacturing and industrial population, the 
more like it will becom{‘ t(' this country. In other words, in the future there will 
be two great conntrie.^, and not one only, dependent largely for their food and raw 
materials on supplies from abrosd. AVhat tlieir position is to be economically and 
otherwise relatively to the irnifed Stales, which is at once the main source of 
supply, and a competitor with European countries in manufactures, is obviously a 
matter of no little interest. As a believer in free trade, I am sure that nothing 
but good will come to all the countries concerned if trade is interfered with as little 
as possible by tariffs and Government regulations. I believe, moreover, that the 
practice of free trade, whatever their theoiiesmay be, will unavoidably be accepted 
by all three countries before long. Obviously, however, as the new tnrin in 
Germany indicates, there is to be a gr(‘at struggh* in that country before the 
situation is acce])ted ; and if some people in this country had their way, not- 
withstanding our long experience of free trade and its blessings, we should even 
have a struggle here. 

There is another point of view from which the facts should be studied. We 
are accustomed, and rightly so, 1 think, to consider naval preponderance indis- 
pi'iisahle to the safety of the Empire, and especially indispensable to the safety of 
the country from blockade, and from the interruption of its commerce, which 
would he our ruin. Hut our position in this respect is apparently not quite 
exceptional. Jjes.s or more our ('’ontinental neiL^hbonr'j, and especially Germany, 
are in tlu' same boat. In the event of war, if they could not make up the loss by 
traffic oviT their land fronti(*rs, they would be just as liable to suffer from blockade 
and interrupted commerce as Ave are. It is conceivable, moreover, that in cv'rtain 
Avars some of the countrii's might not be able to make up by traffic over their land 
frontiers for blockade or int(*rruptioii of commeive by sea. We may apprehend, 
for instance, that Germany, if it were victorious by sea in a Avar with France, 
would insist upon Helgiura and Holland on one side, and Italy and Spain on the 
other side, not supplying ))y land to Franco what had been cut off by sea. One or 
more i)f these countries might ho allies with Germany from the first. Contrari- 
wise France and Russia, if at Avar Avith Germany and the 'friple .\lliance, might 
practiitally seal up Germnny if they weia^ successful at sea, insisting that the 
Scandinavian countries and Holland should not make up to Germany by land what 
had been cut off by sea. Germany in this vieAv, apart from any possibility of 
rupture with this country, has a case for a powerful fleet. It is not quite so much 
liable to a blockade as Ave are, but there is a liability of the same kind. The 
question of naval preponderance among riA’al powers may thus become rather a 
serious one. If preponderance is to be nearly as essential to Germany as it is to 
this country, who is to preponderate P What our practical action ought to be in 
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the premises is a question that might easily lead us too far on an occadon like this, 
but the facts should be ever present to the miuds of our public men. We may be 
quite certain that they are quite well known and understood in the councils of the 
llussian, German, French, and other Continental Governments. 


New Population and New Markets. 

Another idea suggested ly the facts appears to be an answer to the question as 
to how new markets are to be found for the ])rodiicts of an increasing population — 
a (question which vexes the mind of many who see in nothing but foreign trade an 
outlet for new energies. The point was mentioned in my address at Manchester 
a year ago, but it dcH'rves, perhaps, a more elaborate treatment than it was pohsible 
then to give it. What we see then is that not only in this country, but in Germany 
and other Continental countries, millions of new people are, in fact, provided for 
in every ten years, although the resources of the country in food and raw materials 
are generally used to the full extent, and not capable of farther expansion, so that 
increasing sup])lies of food and raw material have to he imported from abroad. 
How is the thing done.^ Obviously the main provision for the wants of the new 
people is effected by themselves. They exchange services with each other, and so 
procure the major part of the comforts and luxuries of life which they reciuire. 
The butcher, the baker, the tailor, the dressmaker, the milliner, the slioemaker, tlic 
builder, the teacher, the doctor, tlie lawyer, and so on, are all working for each 
other the most part of their lives, and the pro])ortion of exchanges with foreign 
countries necessary to procure some things required in the general economy maybe 
very small. These exchanges may also very laigely take the form of a remittance 
of goods by foivign countries in payment of interest on debts which they owe, so 
that the communities in question obtain much of what they want from abroad by 
levying a kind of rent or annuity which the foreigner has to pay. If more is 
required, it may be obtained by special means, as, for instance, by the working of 
coal for export, which gives employment in this couiitiy to about 200,000 inineis, 
by the employment of shipping in the c.irrying trade, by the inanufHcture ot special 
lines of goods, and so on. But the main exchanges of any country are, and must 
be, as a rule, at home, and the foieigu trade, however important, will always 
remain within limits, and bearing some proportion to the total exchanges of the 
country. Hence, when additions to the population, and how they ore to live, are 
considered, the answer is that the ndditions will till up proportionately the Iraim*- 
work of the various industries already in existence, or the ever-changing new 
industries for home consumption which are always starting into being. These 
are the primary outlets for new population even in old countries like the United 
Kingdom and Germany. Of course, active traders and manufacturers, each in his 
own way, are not to take things for granted. They must strivi* to spread their 
activities over foreign as well ns over liome markets. But looking at the matter 
from the outside, and scientifically, it is the homo and not the foreign maiket 
which is always the most important. 

The same may be said (if a country iii a ^ome^^llat dill'eront economic condition 
from Fngland and Germany, viz., the Unitt*d States. I can only refer to it, 
however, in passing, as the facts hi»re are not so clearly on the surface. Contrary 
to England and Germany, which liavo no food resources and resources ot raw 
material capable of indefinite expansion, the United States is still to a largo 
extent a virgin country. Its increasing population is therefore provided for in a 
different way for the most part from the increase in England and Germany. But 
even in the United States it has been noticeable at each of the last census returnH 
that the increasing population finds an outlet more and more largely, not in agri- 
culture and the extraction of raw materials, but in the miscellaneous pursuits of 
industry and manufacture. The town population increases disproportionatol 5 ^ In 
the last census especially it was found that the overflow of population over the 
far Western States seemed to have been checked, the increase of population being 
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mainly in the older States and the towns and cities of the older States. The 
phenomena in Knfjrland and Germany and in other Continental countries are 
accordingly not singular. The older countries, and the older parts oven of a rew 
country like the United Stales are becoming more and more the centres where 
populations live and grow, because they are thti most convenient places for the 
general exchange of services with each other among the component parts of a large 
population, which constitutes production and consumption. A small expenditure 
of effort in proportion enables such oommunilies to obtain from a distauco the food 
and raw materials which they require. Migration is no longer the necessity that 
it was. 


Declhie in Bate of Growth of Pi qndation. 

I come now to another idea appearing on the surface of the census returns 
when they are comjiared for a long lime pist, and the connected returns of births, 
marriages, and deaths, which have now bet^i kept in most civilised communities 
for g**nerations. Great ns the increase of population is with which we have been 
dealing, there are indications that the rate of growth in the most recent census 
periods is less in many (juarters than it firinerly was, while there has been a 
corre.sponding decline in tlie birth-rates: and to some extent, tlioiicrli not to the 
same extent, in the rate of the (‘\cc^s of l)irths over deaths, which is the ciitical 
rate of course in a question of the increase of population. These facts have sug- 
gested to some a question ixa to liow far tin* increase of ])opul.ition w’hich has been 
so marked in the past c(*ntury is likely to <*ontinne, and speculations have been 
indulged in ns to whether there is a real declin(‘ in the fecundity of population 
among tin* peoples in question resembling the decline in France, both in its nature 
and consequences. I do not pro]>ose to discuss all tlu^-e various questions, hut 
rather to indicate the wav in which the ]irohlt‘m is suggested by the statistics, and 
the importance of the questums thus raised for discus-ion, as a proof of the value 
of the continuous statistical records theinM*lves. 

The United Slates naturally claims lirst attention in a matter like this, both 
on ucconiit of tlie luagnltude of the increase of population there, and the evidence 
that recent growth has not l»'en quite the sami* as it was earlier in the ciuitury. 
(‘ontinuing a table which Avas printed in my addr(*s8 as Pivsidvnt of tin* Stuti.stical 
Society, ill jtlmve refeiivd to, Ave iind that the growth of population in the 
United States sinde has been as follows in each ctui'tus period: - - 


Poindation in ihr United Stnie,^, and Inerea,<e in each Census Period of the 
jXi nefeenth ( eniary. 
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Thus it is quite plain that something has happened in the United States td 
diminish the rate of increase of population after 1880. Up to that time the 
growth in each census period from 1800 downwards had ranged between 3f3 and 
36 per cent. Since then the highest rates have been 30 per cent, between 1870 and 
1880, and 25 per cent, between 1880 and 1890. There is a suspicion, moreover, 
that, owing to errors in the census of 1870, which were corrected in 1880, the 
increase between 1870 and 1880 was not quite so high as stated. There is ac- 
cordingly a somewhat steep decline from a growth in each ten years prior to 1800, 
ranging between 33 and 30 per cent., to a growth first of about 25 per cent., and 
finally of 21 ])er cent. only. The Ci\il AVar of the early sixties naturally occurs 
to one as the explanation of the break immediately after 1800, but the tdlects 
could hardly have continued to the present time, and a more general explanation 
is suggested. 

()ther special explanations have occurred to me ns partly aciMiinting for the 
change. One is that, prior to 1800, the United States at dillerent times in- 
creased its territory and population ])artly by purchase and partly by annexation. 
But I cannot make out that either the purchase of Louisiana early in the century, 
or the subsequent annexations following the Mexican war, would make a material 
difference. There is a considerable increase certainly after the Mexican war, but 
it would be diflicult indeed to estimate how much of the population of Texas and 
New Mexico, which w’as then added to the Union, had previously swarmed over 
from the Union, and liai thus been from the first economically, if not politically, 
part of the United States. Another oh\ious suggestion is that possibly immigra- 
tion into the United States has fallen off as compared with w'hat it formerly was. 
But this explanation also fails, as far as the otiicial figures carry us. The pro- 
portion of immigration to the total increase of population in each census period 
since 1820, previous to which I have not been able to obtain figures, has been as 
follows ; — 


Projwrtion of humUjmtion to Total Increase of Popuhtlion in the undermentioned 
Periods in, the United tStates. 


lS 20-:-10 . 
1830-10 . 
1840-50 . 
1850-60 . 


Per Cent. ’ 


27*9 
31 '5 


1 860-70 . 
I870-H0 . 
18S0-90 . 
1800-1000 


J’or Cent. 
. 3.’) 0 
2 1*2 
! 42*1 

. 20* I 


Immigration, according to these figures, lias thus in laft' years playt'd as 
important a part as it formerly did in the increase of population in the United 
States. Possibly tlu^ official "figures of immigration of late years are a little 
exaggerated, as the United States Government (io(‘s not show a balaiiee botw*een 
immigration and emigration ; but whatever corrections may be made on this 
account, the recent fignies of immigration are loo large to ])ermil the snp])osJtion 
that the failure of immigrants accounts in the main for the diminished rate of 
increase of the population gem^rally. The ten years' percinitage of increase with- 
out immigrants, 1 may say, varied before 18()0 between 24 and 32 ]a^r cent., and 
has since fallen to 14 and 15 jier cent. Even if the latter figures should he 
increased a little to allow for the over-estimate of immigration, tlie change would 
be enormous. 

Passing from the United State, w'e meet wdtli similar phenounma in Aus- 
tralasia. Indeed, what has liappened in Australasia of late has been attracting a 
good deal of attention. The following short table, which is (ixtractj^d from the 
statistics of Mr. Coghlan, the able statistician of the Oovernment of New South 
Wales, gives an idea of what has occun-ed : — 
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PopUlatmi of Australasia at different Dates^ with the Annual Increase 
per Cent, in each Period. 
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Tlio decline in the rate* of increase is so great and palpable as to need no 
conniient. 

Here the p(*rturbatioiis due, t(» immigration have obviously been greater than in 
the caao of the United State.", 'fhe country was, in fact, settled mainly between 
iHoO and 1870, without ]n’cvioii«ly having had a po])ulation to spealc of. But 
da<lucting immigration, the increase would appear to have been as follows in each 
decade ; — 

Itatc of Increase per i'enl. qf Vopulai ion in {ustralasia. deducting 
J mmiff ration^ in the undermentioned Periods. 

Per Cent. Per Cent. 

lsr»l-(50 . . , , 18*5 IKSO.IIO . , . , 

lS(50-7() .... :UH) . . , .160 

lS7t)-S() . , . . 25 0 

Of course, .so l(3ng as imuiigration continues, the eiVcct is to .kwcII indirectly the 
natural increase of population, so that the large increase.s here shown between 
1851 nnd 1870, and ••ven down to 1800, may be accounted for in part ns the 
indirect re.sult of the large immigration that wa.** going on. But whatever the 
causf*, the fact is unmi.stakabh* that the rate* of increase, a}>art from the direct 
immigration, has declined ju.‘4t as it has done in the United States. 

There has been a "imilar though not nearly so marked a decrea.«e in England, 
at any rat..- if we carry the conrpnri.son hack to tho period Ix'fore 1850. The 
population :.l each ceii-su.-, period .since 18(K) in England, with the percentage 
increase between each ce,nsiis period, have been as follows: — 

PojtuUition of Kntf land at the Date of each Census since 1801). with Percentage of 
Tnerva’Se heiween eii'di Census. 
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Thus the increase between recent census periods has been sensibl}’* less than it 
was before 1850 ; and the slifrlit recovery between 1800 and 1880 has not been 
luaintained. We are thus in presence of much the same kind of change as has 
been shown in the United States and in Australasia. 

It should be noted, however, in order that we may not strain any fact^tluit, 
when the United Kingdom is viewed as a whole, Scotland and Ireland, as well as 
the senior partner, being taken into account, it cannot bo said that there is any 
falling of! in the rate of growth of the population since 1 850. For several decades 
after that, in fact, the rate of growth of the United Kingdom as a whole was 
diminished enormously by the emigration from Ireland, and the growth since 1800 
has been at a greater rate than in the thirty years before. There may be new 
causes at work which will again diminish the rati' of growth, but in a broad view 
they do not make themselves visible owing to the disturbance caused by the Irish 
emigration. Still the facts as to the United Kingdom as a whole oiurht not to 
prevent us from considering the facts respecting England only along with the 
similar facta respecting the TInited States and Australasia. 

These diminutions in the rate of growth of large pojmlations, as I have indicated, 
are corroborated by a study of the birth-rates, and of the rale of the e.xcess of 
births over deaths. 

The United States unfortunately is without birth- or death-rates, owing to the 
want of a general ;iyste;n of registration o\er tlie whole country. This is .a most 
serious defect in the statistical arrangements of that great country, which it may 
be hoped will be remedied in time. In the absence of the necessary records 1 
have made some calculations so ns to obtain a figure which may be provihioimlly 
substituted for a proper rate of the excess of births omu* ileatlhi, 'wliieli I submit 
for what it may be worth as an approximation, and an approxiinutioii only. Iii 
these calculations one-tenth of the increase of population between two census 
periods, apart from immigration, is compared with the mean of the population at 
the tw’o census dates themselves, with the following results: — 

ApproHviate Mate, of Excefs of Births over Deaths 'ni the United tifates. calculated 
from a Comparisoii of One-tcnt/i the Increase of Population Oetiiren (he Ccnms 
Periods, deduct mtj Immigrants, fvi/h the Mean of the A'umhers of the Populatwa 
at the treo Census Dates , . 
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Thus, wliilo the excess rate was as high as 21 to 28 per 1,000 before ]8(>(), it 
has since fallen to one of 1.*] only, or about one-half. Whal(*vcr \alidity may 
attach to the method of calculation, the real facts would no doubt show a change 
in the direction of the table — a decline in llie rate of the excess of births over 
deaths from period to ])eriod. The decline in the growth of population is thus not 
merely the direct eflect of a change in immigration, but is connected with the birth- 
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and death-rates themselves, although these rates are of course indirectly affected 
by the amount and proportion of immigration. It would ])e most important to 
know what the decline in the birth-rate is by itself, and how far its effects on the 
growtli of pojiiilation have lieen mitigated or intensified by changes in the death- 
rate ; but United States records generally give no help on this head. 

Dealing with Australasia in the same way, we have the advantage of a direct 
comparison of both birth- and death-rates and the rate of the excess of births over 
deaths. This is done in the following table : — 

Jiirth-rale and Death-i'ufo and Jlaft‘ of JCj'crxit of Births over Deaths in Australasia 
for undermentioned Yeam. 

f From Mr. Coghlaii’s Btatistics.] 
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Thus from n high hiith-r.ato forty years ago Australasia has certainly gone 
down to very ordinary birth-rates, lower than in the United Kingdom "and in 
Continental countries, and An^jtralasia certainly has had heavy declines in the rate 
of excess of births over deaths, \iz., from in iMil-tjr) to 15 in 18P(>-91h 

which is to he compared with the decline in the United States, as above stated 
approximately, from 28 in 1820 tlU, and 21 ns lat(‘ as 1800, to 13 in the last twenty 
years. 

A similar table for England only gives the following results: — 

Birth-rate and Death-rate and Bate of Kxct'bs of Births over Deaths in England 
Jor undermentioned Years. 


1851 . 

— 

• 

Birtli-rnte per 
1,000 

34-2 

Death-rate per 
1,000 

22-0 

Excess of Birth- 
rate over Death- 
rate 

12-2 

18(51 . 



31(5 

21-0 

1.3 0 

1871 . 



35 0 

22-0 

12-4 

1881 . 



' :53-9 

; 18 9 

lo-O 

1891 . 


V 

j -Mi 

20-2 

: 11-2 

: 18‘)9 . 



1 2!»-3 

18 3 

11-0 
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Here the birth-rates, to begin with, are not so high os in Australasia, and 
pr*>8umably in the ITnited States, and the excess of births over deaths, though it 
has declined a good deal since 1871-81, when it was highest, has b«‘on by com- 
parison fairly well maintained, being still 11 per 1,000, as compared with 12*2 in 
1851. 

AVe have thus on one side a manifest decline in the rate of powtb of population 
in three large groups of population, C(»upled with a largo decline of birth-rates in 
ilngland and Australasia where the facts are known, and a smaller decline in the 
rate of the excess of births over deaths, this decline in England as yet being com- 
paratively small. Such facts cannot but excite inquiry, and it is an excellent 
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result of the use of continuous statistical records that the questions involved can 
be so definitely raised. 

As I have stated, it would be foreign to the object of this paper to discuss fully 
the various questions thus brought up for discussion, but one or two observations 
may be made having regard to some inferences which are somewhat hastily drawn. 

1. The rate of growth of population of the communities may still be very con- 
siderable, even if it is no higher than it has been in the last few years. A growth 
of 16, 15, or even 12 percent, in ten years, owing to the excess of births over 
deaths, is a very considerable growth, though it is much less than tlie larger figures 
which existed in some parts forty or fifty years ago. What has happened in the 
United Kingdom is w^ell worth observing in this connection. Since 1810 tlie 
population of the United Kingdom as a whole lias increased nearly GO per cent., 
although tlie increase in most of the decades hardly ever exceeded 8 per cent., 
and in 1840-50 was no more than 2 ^ per cent. The increase, it must be remem- 
bered, goes on at a compound ratio, and in a fe'w decades an enormous change is 
apparent. The increase from about 170 to 510 millions in the course of the last 
century among European people generally, though it includes the enormous growth 
of the United States in those decades, when the rate of growth was at the highest, 
also includes the slower growth of other periods, and the shnver growths of other 
countries. An addition of even 10 per cent, only as the average every ten years 
would far more than double the 500 millions in a century, and an increase to at 
least 1,500 millions during the century now' beginning, unless {^ome great change 
should occur, would ;u c-cdi.,. :v appear not improbable. 

2. Some of the rates of grow'tn of population from w'hich there has been a 
falling olf of late years were obviously quite abnormal. J refer especially to the 
pfTowth in Australasia between 18.50 and 1880, and the growth in the United 
States prior to 1860. They were largely due to the indirect effect of immigration 
which has been already referred to. 

The population to which immigrants are largely added in a few years, owing 
to the composition of the population, has its birth-rates momentarily increased and 
its death-rates diminished — the birth-rates because tlu‘re are inor«' people relatively 
at the child-producing age.s, and the death-rates because the wholi* population i.s 
younger, than in older countries. It appears quite unnecessary to elaborate this 
point. The rates of the excess of births over deaths in a country wliieli is recidving 
a large immigration must be quite abnormal compared wdtli a country iu a, more 
normal condition, while a country from which thme is a large emigration, such as 
Ireland, must tend to show a lower excess than is consistent with a normal con- 
dition. This explanation, it may be said, does not apply to England, since it is a 
country which has not been receivino- a large immigration or sending out, except 
occasionally, a large emigration. I'lngland, how'cver, must have been aifected hotli 
ways by movements of this character. It receiv'ed niidonl tedly a large Iri.^h 
immigration in the early part of last century, and in inon* recent ])eriods the 
emigration in some decades, particularly between 1880 and 1«^00, appeals to liavi- 
been large enough to have a sensible effect or. both tlu‘ birth-rate and tlie rate of 
the excess of births over deaths. This effect would he continued down into the 
following decade, and the consideration is tlierid’oni one to l/O taken note of as 
accounting in part for the recent decline in birth-rates in lOngland. 

In addition, however, it is not improbable that there was an abnormal increase 
of population in the early part of la.st century, due to the sudden multiplication of 
resources for the benefit of a poor population which had previously tend(*d to grow 
at a very rapid rate, and would have grown at that rate out for the checks of war, 
pestilence, and famine, on which Malthiis enlarges. The sudden withdrawal of 
the checks in this view would thus he the immediate cause of the singularly 
rapid growth of population in the early ])art of lost century. It is quitt* lu 
accordance w-itli this fact that a generation or two of prosperity, raising the scale 
of living, would diminish the rate of growth as compari'd with this abnormal 
development, without affecting in any degree the permanent reproductive energy 
of the people. 

6. It is also obvious that one explanation of the decline in birth-rate, and of 
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tho rate of the excese of births over deaths, may also be the greater vitality of the 
populations concerned, 8<3 that the composition of the population is altered by an 
increase of the relative numbers of people not in the prime of life, so altering the 
proportion of the people at the child-producing ages to the total. This would be 
too complex a subject for to treat in the course of a discursive address. Nor 
would it explain tlie whole facts, which include, for instance, an almost stationary 
annual number of births in the United Kingdom for more tJian ten vears past, not- 
withstanding the largely increased population. T5ut the case may be one where a 
great many partial explanations contribute to elucidate the phenomena, so that this 
particular explanation cannot be overlooked. 

4. There remains, however, the question wliieh many people have rushed in to 
discuss — viz., whether tho reproductive power of the populations in question is 
quite as great as it was fifty or sixty years ago. We have already heard in some 
quarters, not mendy that tlu^ re]iroductive energy has diminished, but suggestions 
that the populations in question are following tlie example of the French, where 
the rate of increase of the po])ulation has almost come to an end. Apart, however, 
from the suggestions above made as to tlie abnormality of the increase fifty or 
sixty years ago, so that some decline now is rather to be expected than not,! 
would point out that the subject i.s about a> full of pitfalls as any statistical 
problem can he, for the simple reason that it can only be aiiproached indirectly, as 
there have been no statistical records over a long series of years showing ilie pro- 
])ortion of births to married women at tho child-producing ages, distinguishing 
the ag(*s, and shfiwing at the same time the jiroportion of the married women to 
the total at those ages. riilt*.<s there are some .such statistics, direct comparisons 
are impossible, and a trood many of the indirect methods of approaching the sub- 
ject which I have studied a little appear, to say tht‘ least, to leave much to be 
desired. Wi* find, for instance, that a comparison has been made in Australasia 
Ix’itweiMi the number of marriages in a given year or years and the number of 
births in the five or .«ix years following*, which show, it is said, a remarkable 
declint* in the proportion of liirtiis to marriage.^ in recent years as compared with 
twenty or thirty years ago. It is forgotten, however, that at the earlier dates in 
Au.stralasin, when a large immigration was taking place, a goixl many of the 
children born were the children of parents who laid been married before they 
entered tlie country, while there an» hardly any children of sucli parents at a time 
when immigration has almost ceased. The answer to such questions is in trutli 
not to be ruslied, and tho question with statist icians should rather b(' how the 
statistics are to be imjiroved in future, so that, nlihougli the post cannot be fully 
explained, the regular statistics tiimnselves will in future give a ready an.swer. 

5. One more remark may, perhaps, he allowed to me on account of the delicacy 
and interest of the subject. To a certain extent tlu^ causes of a deeline in repro- 
ducfive energy may bo part, and parcel of the improved condition of the popula- 
tion, which leads in turn to an increase of the age at mnrringo, and an iucrea.se of 
ccdibacy g“nerally through the indispo.sition of individual memh('r.s of the com* 
niunity to run any risk of sinking in the scale of living which they may run by 
premature marriage. The.se cause.s, however, may operate to a great extent upon 
the birth-rate itself without diminishing the growth of population, because the 
children, though born in smaller proportion, are better cared for, and tho rate of 
excess of births over deaths consequently remains considerable, although the 
birth-rate itself is low. The serious fact would be a decline of tho rate of the 


excess of birtiis over doatlis through the death-rate remaining comparatively high 
while the birtli-rate falls. It is in this <‘onjiiii(‘tion that the gravity of the 
statioiiariness of population in Franco appears to he. While the birth-rate in 
France is undoubtedly a low one, 21 *1) per 1,000 in 1800, according to the latest 
figures before me, still this would have been quite sufiicient to ensure a consider- 
able excess rate of births over deaths, and a considerable increase of population 
every ton years if the death-rate had been as low ns in the ITr’*' 1 K*’ , 

18*3 per 1,000. A difference of 8*C per 1,000 upon a ; ^ .'r: i':. 

40 millions comes to about ICO, 000 per annum, or 1,600,000 and rather more 
every ten years. In France, however, tho death-rate was 21*1 per 1,000, in-stead 
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of 18’3, as in tho United Kingdom, and it is this comparatively high death-rate 
which really makes the population stationary. The speculations indulged in in 
some quarters, therefore, though they may bo justified in future, are hardly yet 
justified by the general statistical facts. The subject is one of profound interest, 
and must be carefully studied ; but the conclusions I liavo referred to must lie 
regarded as premature until the study has been made. 

Conclusion, 

Such are a few illustrations of the importance of tlie ideas which are suggested 
by tho most common statistics — those of the regular records which civilised 
societies have instituted. It is, indeed, self-evident how important it is to know 
such facts as the growing weight of countries of European civilisation in com- 
parison with others ; the relative growth of the Britisli Empire, Uiissia, Germany, 
and the United States, in comparison with other nations of Europe or of Euro- 
pean origin ; the dependence of other European countries as well as the United 
Kingdom upon imports of food and raw materials ; the ability of old countries 
and of old centres in new countries to maintain large and increasing populations ; 
and the evidence which is now accumulating of changes in the rate of grtiwth of 
European nations, with suggestions as to the causes of the changes. It would he 
easy, indeed, to write whole chapters on some of tlie topics instead of making a 
remark or two only to bring out their value a little. It would also be very easy 
to add to the list. There was a strong temptation to incliuh* in it a ri*ference to 
the relative growth of England, Scotland, and Indand, which has now become the 
text of so much discussion regarding the practical question of diminishing the 
relative representation of Ireland in Parliament, and increasing that of England 
and Scotland. It is expedient, however, in an address like this, to avoid anything 
which verges on party politics, and I shall only notice that while the topic has 
lately become of keen interest to politicians, it is not new to statisticians, who 
were able long ago to foresee what is now so much remarked on. T'his very topii* 
was discussed at length in the addresses of 1882-83, to which reference has been 
made, and even before that in 1870 it received attention.^ Another topic which 
might have been added is that of the economic growtli of the ditferent countries 
which was discussed in the address in 1883; and such topics as the inoreasti of 
population in a country like India under the peace imposed by its ICuropean 
conquerors, by which the stationariness of the country in numbers and wealth 
under purely native conditions has been changed, and* something like European 
progress has been begun, l^mougli has been said, however, it may be hoped, to 
justify this mode of looking at statistics, and the ideas suggested liy them. 

May I once more, then, exjiress the hope, as 1 have done on former occasions, 
that as time goes on more and more attention aviII be given to these common 
statistics and the ideas derived from them ? Tho domination of tho ideas suggested 
by these common figures of population statistics, in international politics and in 
social and economic relations, is obvious; and althougli tho decline in the rate of 
growth of population in recent years, the last of the topies now touched on, 
suggests a great many points which the stati-stics themselves are as yet. unfit to 
solve — what can be done with a great country like the IJnit<‘d States, absolutely 
devoid of hare records of births, marriages, and deatlis still the facts of th*e 
decline as far as recorded throw a great deal of light on the soinal and <>conomic 
history of the past century, prepare the way for discussing the further topics 
which require a more elaborate treatment, and enforce tlie necessity for more and 
better records. We may emphasise the appeal, then, for the better statistical 
and economic education of our public men, and for the more careful study by all 
concerned of such familiar publications as the ‘Statistical Ahstrac’^ts,’ the 
‘Statesman’s Year-book,’ and the like. The material transformations which are 
going on throughout the world can he substantially followed without any 
difficulty in such publications by those who have eyes to see ; and to follow such 
transformations, so as to be ready for the practical questions constantly raised, is 
at least one of the main uses of statistical knowledge. 

» See Eisays in Finance, 2nd series, p. 290 et seq . ; p. 330 ct seq . ; and 1st series, 
p. 280 et seq. 
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The following Papers were read 

1. The PostiUatf's of tha tSta/ifldixL By William Waiihand Carlilk, M,A. 

Pn)fi'!<Mor WalkerM ox])o^itlou of the manner in which tlie standard substuiice 
comes to measure \alues in his ' Money Trade and Industry ’ shows the fallacy of 
the current A iew that any commodity can measure the value of any or of all 
other^. We tind, on the contraiy, that the ]>ostulate of the whole process is this, 
that ^iiere must be a jireiieral desire for the sub.^taiice which becomes the .>tandard. 
Should this gvneral desire cease to operate, tin* value-measuring process would 
coasti also. This general desire must therefore be an insatiable desire. How if 
became so is a (piestioii that it is not ])roj)osed to enter on at jiresent, but rather to 
look at the fact in some of its liearings. In connection with the Tabular Standard 
it seem.> clear that the natural gold standard must lie, all the time, the ]>dsis of the 
prices who>e a\era; 2 e forms it. lieiiig a mere secondary product, it could never be 
sulwlituted for the primury. The conception of reality or objcLtivity depends 
ii])Oii human intercourse. Sucli sentutioiis only give the impn^ssion of reality as 
are cajiable of exact comparison as bet w«*en man and man. This u]iplies also to 
the concepthui of value. l‘or such exact comparison, however, a common ineetiiig- 
j^round for human desires is needed. This is furnished by the existence of one 
substance which is the general i»oal of industrial ellort. The Austrian theory of 
<lecieu.M!ig degrees of utilit s ignoiet, this. It has some application to expenditure 
ou immediate coiisumplion, but only a forced and unnatural one to business sales 
and purchasews. 

'J'hough one mus*. begin with the central fact of an insatiable desire for the 
standard substance, tht‘ next fact with which we are struck is itt unlimited re- 
placeability, for the purposes of money, by other substances. Jf a man has a 
documejit cotivcN ing to him th'‘ immcdiali* right to on demand, tlie chances 
are a humin'd to one that he will never ask for the g'old itself at all. The 
<loeumeni ^\ill serve all hiS ]>u^j^o''e^ quite as well, ’^riius an itnmeiise mass of 
substitutes for gold comes into e\iMeiu*t‘. Jbit in all theories of demand and 
supply 11 net nations in tile su]»plv of substitutes are held to ntlect the Milue of the 
(MMginal commodity just as much as tluctuations in its own sup]»ly ; and so with 
the .dandard. ’Hie more completely inviolable, tlieivfotV, the gold standard 
is inaiiuained by b'gislatioii, tin* more elleetive do these iloeuiuimts become as sub- 
stitnl 's for L’'obl, ami the imjre, coii'-eqneiitly, the volume, of money iiH*»*ea«ed. 
'riiis may be con.sklereil in conmvti.)!! with .lev mis' niet.iphors of the two 
ci'-terns eiiiiiiceted bv a ])i])e, and of the two inteivect iiig lines j-i pre-entin:: gold 
and silver n'spectivelv. 'fie* modmm .svet<*m eornects all commodities bv pipes 
into one greai ci-t“rn <*alled luoney, and iieulralise.N ull lluctuatious. It really 
fullils the ideal of tlie framers uf svslenis of muUi]»le tender. As a ]n*oducl 
evolution, sliovv iiiL” an miercstmg' sv.sU*in <»f adaptation of means to ends, it is 
comparal'Ie to the human ear or the huinun eye. 


2. Koftn on ihr Output of Coal fi'vi.i ihv Scottish Cmdjields. 

By Kujjkrt W. Duon, AJIJnst.C.E. 

During tlie last few years there has hoen a growing feeling ol uneasiness 
regarding i1h» duration of our coal supply, and there is at present a movement in 
favour of a further inquiry as to the extent of the coal resources of Great 
Hritain. 

The following comsideratioiis regarding the Scottish coaltield are in most 
cases apnlicuhle to the whole of Great llritain. 

The output of coal in Great Britain in the year 1(501) was about 2,000,000 tons 
p(‘r annum, and of that quantity Scotland probably productnl about 250, 0(X) tons. 
»Siiu‘»‘ then there has hecn a steady progression, until now the Scottish output 
amount.s to 01,112,612 tons per annum. The total quantity of coal which has 
been worked in Scotland up to the present date may oe estimated at 1,600 m^on 
tons, and the quantity still to work at about i0,000 million tons. 

1001 . 
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During the last 400 years there have been many alarms regarding the 
approaching exhaustion of the coalfields, with the result that at various periods 
laws have been passed either totally prohibiting the exportation of coal or placing 
a heavy tax on any coal exported. 

In recent years the proportion of the output which is exported lias increased 
enormously. In 1861 the proportion of the output exported was only 6*4 per 
cent., whereas last year it amounted to over 20 per cent. In 1861 the home con- 
sumption per head of the population was about three tons per annum, whereas it. 
is now over five tons per head of the population. Most of the Scottish coal 
exports go to the continent of Europe, and about 25 per cent, of the whole export 
goes to Germany. 

If the export and home consumption are to continue ‘■.■■r- ,■ at the present 

rate, then by the end of this century the Scottish output -a ' ■ • ' million tons 
per annum, and the 10,000 million tons we have available will be exhausted in 
about 180 years. If all the coalfields were producing coal in the same proportion 
to their area as in Lanarkshire, the output of Scotland would be 60,000,000 tons 
per annum. Such an output will never be required, because methods will be 
found to use the coal much more economically than at present, so that one ton of 
coal will do the work for which two tons are now required, and in that way the 
duration of the coalfields will be prolonged indefinitely. A great deal of coal is 
being wasted in the working, and in shafts and bores many thin seams are being 
passed through of which no national record is kept. ^J'here should be a Govern- 
ment department for the inspection of systems of working and for the preservation 
of exact records of all shafts and bores. 

More than one-half of the Scottish output comes from the Lanarkshire coal- 
field, and at the present rate all the coals in that county will be exhausted iu 
forty years; but within twelve or fifteen years all the thick and easily wroiiglit 
seams of the Clyde basin will be worked out. 'rbis is not such a serious matter 
for the population of Glasgow and the west of Scotland a^s at iirst sight it might 
appear. The royalties payable on these coal^ an* from \)(L to J-n*. per ton 
higher than are payable on similar coals in the. outlying di.^tricts. As the Lanark- 
shire coals become exhausted less money will bo paid to the landlords and more 
to tlie railway companies, but the net result will not be any very .^erious incn‘ttse 
in the cost of fuel. 

The royalties at present being ])aid in Scotland lary from 2V/. to 'la. ])er ton, 
or oil a -li li: j - .le from to ^ of the selling price, From the report of the 
Royal G ■:!.'! «■* on ^Mining Jtoyalties it appears that the a\crage royalty pay- 
able in Scotland in 1861 was per ton. 

The average profit earned by the conlmasters under normal conditions is 8^/. 
per ton. 

r machines have been in use in Scotland for over thirty years, and 

last \'.i” '.•[ tons were produced by that method. It is not 

prejudice which prevents the mure extensive use of these labour-saving •■ « , 

but the physical conditions under which most of the seams are now being w orked. 
In practically every case where coal-cutting machinery can be used to advantage 
it has been adopted ; but in the future it may come to be more largely used when 
thinner seams are opened up. 

The annual output per man emploved is .360 tons. In U.S. America it 
amounts to 400 tons, but in Germany it is only 270 tons per man. 

The greatest depth from which coal is being worked in Scotland is 2,760 feet 
below the surface. 


3. The Growth and Geographical Distribution of Lunacy in Scotland, 
By J. F. Sutherland, M,D, 

The lunacy foming the subject-matter of this communication is what is known 
as ‘ pauper lunacy,’ an unfortunate and misleading term in so far as it refers to 
the lunacy arising in 80 per cent, of the population, whereas indigency, pauperism, 
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destitution, and delinquency account for about 10 per cent, of the population 
and affluence for the remaining 10 per cent. * 

The maintenance of a pauper lunatic in an institution calls for an annual 
expenditure of iiO/., a sum beyond the reach of 80 ])er cent, of tlie population. 

The lunacy statistics of the last two decades contrasted and the geographical 
distribution of lunacy (1901) set out {vide shaded map). 

Between the lunacy ratios of the four main areas of Scotland wath economic, 
ethnic, and geographical dillerencea there are iH-rcemuiri; differences respectively of 
94, 72, and 62.^ 

Controversion of views put forw^ard to the effect that lunacy is going up by 
leaps and bounds, views suggestive of a stale of matters not without risk to the 
national well-being. 

Acceptance of proposition that in large areas of country the lunacy ratio will 
not vary except within certain narrow limits. 

Explanations of tlu^ enormous ratio differences as well us of ihe growth of 
lunacy are to be found in a consideration of the following five factors in the order 
of their respective im])ortaDce. 

Firfit and most significant is the economic one suggestive of a widely different 
relative capacity on the part of householders in different counties to maintain the 
insane without the aid of the public pui>e in whole or in part. 

*SVc*on</.— The migration and emigration of the strong from rural and insular 
districts to centres of population results in the feeble jiroducts, mental and 
physical, of the birth-rate being left behind in, as a rule, stationary or dwindling 
populations. ” 

y/nVv/.— The deaf li -rate under o. nearly three times greater in centres than in 
rural districts, has the effect of ivnutving hundreds of lunatics who, had they sur- 
vived the neglect, injudicicju.s dietiiii:, exuiitlicinatou.N disea^e^, \*c., incidental to 
clnld lile in iiuluMrial ccnlr<*«. would hu\e augmented the statistics of lunacy in 
such centres (vide shaded map), 

/WM. -'fhe conditi()n> of modern life, with its un]mrnlleled competition in 
ev(‘rv walk, a])us<* of alcohol .and tea, errors of di(*t, setting up a deranged 
luetaholisin and distuihiiig mental e«piilihviiiin ne\er stable. 

Fifth- - Tin* >icws (»1 the inethcal tmde^sion as to what constitutes certiliablo 
lunacy suggestivt* of a widened and widening portal to oflicial registers (senility, 
slight imbecility, ‘'cceiitricily, »S:c.). 


FItrnA)\ SliPTEMliKF I.*}. 

^I’ho following Papers w'erc read : — 

1. Shipi/nnj SdhsiuJvsr ]hj Bexedipt William (Jinstjuiuj, LL.D» 

The impcirtaiice fnmi Ji national point of view to a manufacturing and foreign- 
food-coiisuining powi'r like (Ircat Britain of the inaintenaiu'e of licr maritime power 
is seli-e\ident. In that ti'rm ‘ maritime powder ' must he inclu(h‘d the supply of a 
suiUciency of ships t o carry (Ui tlu? uaiion s commerce. Jn cou>idering i he. subject it 
is nect'ssary iirsl to consider the adequacy or otherw ise of tlu' .'supply of ships whoso 
individual chararteristies render them useful as auxiliaries to the navy in time of 
war, and secondly to regard the conditions under wdiicli exist tlu» great bulk of tho 
vessels of the mercantile marine — vessels whoso individual characteristics do not 
matter to the nation, hut which n(*vertheh“is fulfil the, important function of shifting 
the great bulk of its trailic. On the lirst iwiiit, whilst France, Germany, and Russia 

* The extreme ratios for the counties is represented by Argyll with 69 per 10,000 
of population, and Dumbarton with 19, the percentage dilYerence being 210. 

® The paper is published i?i extemo in thei/hwr/ia? of the Foyal Statistical Society, 
September 1001. 
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are largely increasing their supply of high-speed ocean steamers, this coiuitry shows 
little progress in this direction ; whilst the more recent vessels built for British 
mail companies are not equal in speed cither to those of Germany or even to 
those formerly built for our own lines. On this account it might well he desirable 
for military reasons for our Government to consider the advisability of increasing 
its inducements for building higli-spi*i*d ships. 

The British shipowner works under certain natural and economic conditions of 
a favourable nature. But he is placed under many statutory disabilities. Vet 
some of the restrictions under which he labours are not wholly to his disadvan- 
tage, since his percentage of loss is lower than that of unri‘giilatcd marines, and 
this fact should assist him in jdacing Ids insiirauces at alow jjreiiiium. The natural 
tendency of improvements in ship building and inarim' engineeiing is towards the 
gradual extinction of the sailing ship. In our own country this natural movement 
goes on. In Italy and France an attempt has been made to re\ive this trade by 
means of construction and i!:i\ . n ! “ bounties, h'rance lias ai'liicved some success 
in this direction. But it li-jh how far the shipowner really will benelit 
from the construction bounty, and no om; would ht; likely to siiggpr^t its adoption 
here. 

The notable increase in si/:o and cost, of niodi'ru sUiani .ships scorns to tend 
towards a large concentration of the trade in the hands of big coni])aini*s and lines. 

Competition between tin* steamship lines of dilicrt^nl countries has of recent 
years developed, whilst the c()>t of national support to the competitor?* has very 
largely increased. Some of tlie rcMilt^ aL*hi(‘\cd liavc licfui, at hsist as yet, (jiiite 
inadequate to the etlorts made, whil&t a good deal of f«)r*ign moin y is c(‘rlaiiily 
being thrown a>\ay in the attempt to foster national Iradf. Sonic siiccos is un- 
doubtedly being achieved by the Germuii policy of making the State as.-^ist in llu 
unremunerative work of pu-Jiing trade* in new channels. 

This, perhaps, the Briti.-li ( JoMTiimem could not he c.vpected to (1<». But emn- 
bined action on a large >cale amongst Britisli .shipowneiv might etinhle them to do 
that for themselvcb which foreign shipowneiv have done for I hem b\ their Govern'- 
ments. 


2. Thu'tu Yud's ExjKtrf Ttwl,, (dul Tnah 

Jiy BviiNAKU Kllinoku, 

Comparisons of one ]iei'iod of our o.\purt trade with aihulier, has cl on sU‘rliug 
returns of isolated jears, are mir'atisf.ieloi N h*’eau-*c* the allt'iulion of price is nof, 
taken into consideration, and frequently the ^I'ars compared arc N«*ar-> of dillcrciit 
degrees of pro.spei ity 

Comparisoii'i of tin* annual a\criigc‘s (»f (I'M-acle-' lia\e thendon* ln'cii u.'^ed in tins 
paper as being more hali.'^fa. torv tlmii .-hcnlt-r peiio(l>, i-iuliracing a.s they do tlici 
whole c}cie of trade ex])an*-if)ii and dt'juc^Nion. 

If the altcTation ot price is mken mt^) coiivi-h r.ilion, the i onijiari-cm ef c.Mir'i* 
more satisfactory ; hut tin* nio'jt sutisfaet-Jiy comjiarisoii h on a hii.^'N of (juantitt, 
always making reservations for possible alli'rations ot quality. 

It is obviously impossible t> satisfactorily compare quantities of sucii c ommodi- 
ties as machinery, chemical products, inilhiiery, Sz(\ ; l>ut on comparing tin* e\])ort 
of eighteen of our chief exported c«nniiio(litie.s in l.'^DO '.)!) witli I*s70 7i) (e.ieii of 
which commodities was in .some year of th<i period exported to tlie xalue at least 
2,0(10,000/.) we find the average oi tlie ((nantity ex])orttd annually during the later 
decade was 25 per cent larger than in the earlier. 

The sterling value of the eighteen commoditie.? is about 51 percent, of onr total 
trade, and the remamingdO per cent, (of wliieh comparisons of quantity cannot ho 
made) show an increase of per cent, in sterling value exported. 

Thejiverag.* annual value of our exports of lKStO-00 xvas I0,<)0tl,000/. greater 
than 'll l-7(» 7S». 

The average annual value exported per head of the population in l8f)0-99 was 
5*0 per cent, less than in 1870-70; but if it is a.6Siimed that the 25 percent, gain in 
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quantity on the eif^hteen commodities (being- 51 per cent, of our total export) 
holds good for tlio rest of our export, we have an annual average increase of quan- 
tity exported per head of popiilaliou of nearly 0 per cent. 

Prices of imports having lalltai more in th»i period under review than prices of 
exports, the comparatively fciiiall total increase in value exported is not of substan- 
tial ini])ortance if tlie increase of quantity js sat ishictory, as it is this latter factor 
which (hmoti'H the amount of einjdoyment found for our people by this branch of 
trade. 

.Another ohjeclioii to relying on compari>ons of value is that the returns under 
this head are probably inexact tf> a consiilerable extent both for imports and 
exports, and although the error may ])artially correct itself over large quaDtitie.s, 
coinpavisoiis of the details of the trade are at all events on this ground unsatis- 
fa(!tory. 

The error both in imports and exports is probably a growing one, owing to 
increasing laxity, and also owing to the growth of the export business now done on 
a (M K. basis, wliicli exports would aj)pear to be largely entered for Customs pur- 
poses on a C.I.F. valuation instf'ad of an P.O.U. valmitioii. 

''riie ])robable ext(‘nl of the error is a subject which itiight be investigated by 
tin* (Miambcrh of (’ommerce of tliis country. 

'I'he error on graded qualities of sneli imports »s wheat and cotton is probably 
small, Cnslcnns aulliorities being abb* to faiily well cmitrol these valuations. 

( )f the eighteen comiin»dities selected eleven havt* increased in quantity over 
iSfK) as (iompared with 1S70 7‘.) : these are woollen and worsted yarns, spirits, 
cop])er ingoK cakes .Mfid bir^, cotton goods (bleacln*d and unbleached), cotton goods 
made of dyed yarns, ‘ dyed and printed,’ cotton yarn, and coal. 

In one or two caMw, however, notably in yarn, the coinpari'>*nn between 1800-00 
nnd ISH) Ml is not. so .satisfactory. 

One eonnnodity, namely, pig* and puddled iron, has rmnained stationary, com- 
paring lS7<l -70 with IMlO-Oil: nml o\er the same period woollen and worsted 
tissues, rails, bar angle bolt and rod iron, liiani yarn, linen piece goods, beer, and 
ale show decreiHea in tiie average annual quantity exported. 


o. TVo* o/' /»// (J. Cassei.. 

Kxpeiiso.s whieb arc made in tbo general interest of the Stale, nnd W'hich are 
not to the particular ad\antag*‘ <d' any .‘^iieeial group of citizims, mu.st be paid for 
by taxes according to the * Principle of Ability,’ of which the income-tax might 
1)0 reg-ardiul as the type. Hut in tin* -iiarliannmt ary state, wliere the interested 
cla.s.sj'.s tire voting the taxes tliem.selves, tliis eaiinot be enforced unless the income- 
tax is .so constTiieteil as to eanse e\erv class of tjixpayers an vtfHai atreri/irp, 

Eqital s(rrr(fifr means deduction of .'<uch part of the income which i.s necessary, 
not only for the phy.*:iciil, but also for the economic, tlu‘ ])rofe\ssional existence of 
the taxpayer, i.e., r/erM-Z/o// of i/ip * nrrrssaricff of (Jficienrij' (Marshall), and taxing 
tin* remainder of the income at a rafp. 

l^rrrt/ ])rogre.s.M\e s: ale of taxation ran be obtained by tlie method of granting 
tax-free deductions to llic ditlbreiit inconu's, ;\n«l taxing the rcmniiideiv at a constant 
rate, 'riins there is no ililfereiice in ])rincipb* between a progressive and a ‘degres- 
sive’ seale. \nd we need, in the theur\ of progr»s!-i\e taxation, not discuss any 
other qiic.^tion than wdiat dilh*rent deductions shall he allow’cd to the dillerent 
incomes. 

The subject of tiie dis(Mi.«»sion thus iixed, wo proceed to apply the Principle of 
Equal Snerihee, interpreted as above. Por everyone xvho accepts this principle 
the whole problem of progressive taxation reduces ilstdf to the que.stion : Whnt are 
tin* ‘ necessaries of ctlii-ieiicy ’ for eacli class of the society ? But in the limits 
thus given to the discussion tbero is room enough for very divergent views, from 
the conw'rvative one which thinks the real ni'cessities of the labourer to be very 
small, and which lends to a nearly proporiionul taxation, to the modern democrats 
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view, wlilcli thinks the lahoiirev’s necessities of effi(‘iency to he comparatively very 
high, and which leads to a stroncr progression. 

As type for the usual scales of progressive taxation the following scheme may 
serve : — 


Incomes from 

»» »» 


Os. till 


J1 


„ 2,500s. 

„ HjSOO.*?. 
above 20,600.<». 


>1 


500?. pay 0 per cent. 
2,r)00.<f. „ 1 
s,rms. „ 2 

20,500s. „ a 


The scale is, from a technical point of view, very crude, involving discon- 
tinuities in taxation at every rung of the ladder. We can avoid these if we state 
that — 

The 500 first s. of evor^'^ income pay 0 per cent. 

„ 2,000 next s. „ „ 1 „ 

„ f >,000 „ „ 2 

„ 12,000 „ „ 3 

All following s. „ „ 4 „ 

But this scale can just as well he obtained by the method of deductions ; we 
have only to state that — 

The first 500.<f. shall have the right to deduce 100 per cent. 

„ next 2,000.s\ 

„ „ 0,000.9. 

„ 12,0005. 

All following s. 




75 

50 

2.5 

0 


and that of the remainders a constant rate of 4 per cent, shall be paid. Generally, 
if in the different groups the tux is to be paid at a rate of 
per cent., the same resuft can he obtained by levying the tax at a constant rate I\ 
not less than any of tin' but granting deductions within the dilfercnt groups of 
^ 00- per cent., 10^ (i -y) ,) cent., and so on. 

However, even this method is primitive, and involves too much arbitrariness 
in fixing the deductions for the different incf)ines. It is better to let the deduction 
y increase with the income x ^s a function of the form 




ux + fi 
y.r + ti ’ 


This contains three independent elements, to which comes the constant tax- 
percentage P, so that the arbitrariness of the progressive scale now is reduced to the 
choice of four elements. We denote by e the tax-free vihdmuin of subsist by 
am the upper limit of the deductions, ?.c., of the necessaries of efUciency, and call 
it the maximum of subsist ence ; the arithmetical medium between these two is the 

^ medium of subsistence,’ and is equal to c ^ ^ . Wo denote further by u and 

V the income and the deduction counted in e as a unity, so that x-eii and y^ei\ 
We can then put 


T - m - (wi - 1) 


+ ?/ — 2 ^ 


I 

^^here n signifies that value of the income v, for which the deduction is equal to 
th^ “tedium of subsistence. Thus we have arrived at a set of formulas where 
eac\ 9^ the four constants ? 2 , tw, e, and P has a clear and definite sense. 

can reduce the arbitrariness involved in the construction of a j ■ v- 

scalp more if we decide once for all that it = m + 1, that the medium of 
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fiubsistence filiall be deduced from an income twice as large, 
foilowing formulas to calculate the tax s : 


+ - 1 


We have then the 


.r -= eUf y ^ cv ; 


Tlie complete Gxntion of a progressive scale of taxation involves, tlien, only the 
choice of three elements, viz. — 

The minimum of subsistence c j 
the maximum of subsistence cm \ and 
the coihstant tax*perc€»ntage 

The first and third of these elements must always be decided upon by any 
income-tax ; thus the progressive scab increases the number of arbitrary elements 
only by one, and this one has a quite definite sense, viz., the upper limit of the 
necessaries of efliciency of any group of society. In spite of this extreme reduction 
of tlie arbitrariness, there remains still room enough for every sensible view of 
progressive taxation. 


4. British AgricnUiLre, By Professor Robert Wallace. 

The nineteenth century may be divided into six very distinct periods, in which 
prosperity and adversity to agriculture Micceeded each other alternately. 

(1) During the first fourteen years great agricultural activity prevailed, owing 
to the abnormally high prices of corn. All classes associated with land benefited, 
but the landlords most. 

(:i) The next twenty years was a time of agricultural de])rcssion, although the 
price of wheat ofis*. ’Jd, per (juarter -in i8.‘>0 was more than double— 2()x. lln',— 
the price in llKK). Done.s roughly broken were first used as manure. 

(3) The abolition of the Corn Jjaws in 1840, during tb(» succeeding period of 
twelve years of prosperity, did not ruin agriculture, as was t*xpected. Peruvian 
guano, dissolved bones, and dissolved mineral phosphates were first employed as 
manure, and in 181.3 IJothamsted, the greatest experimental .station in the world, 
was opened, to be ultimately endowed by Sir John Lawes. 

(4) The fourth short period of temporary but severe depression — 1840 to 1852 
— opened with a sudden drop in the price of wheat. Sir James Caird advocated 
high farming, which was applauded as usual by people generally, but not 
followed by the tenants. 

(5) Twenty-two years— 18.>.3 to 1874 — of great agricultural prosperity 
followed, but economy was not sufijciently .studied by either tenants or proprietors, 
llelinble agricultural returns, dating from 1870, when compared with the corre- 
sponding figures of 11K)(), .show a decrease of arable land in the United Kingdom 
of 2,000,000 acres, but a concurrent increase of 4,000,000 acres of permanent 
pasture. The rage for stiuini ploughing and steam digging began, hut not till 
1898, when Darby introduced a steam digger having a horizontal rotar}' motion in 
its digging parts, could mechanical motive-power field cultivation be pronounced 
financially succe.'^sful. The success of the btring-binding reaper datt's from 1870, 
But it was 11)00 before the Mc(.\)rmic Company produced at the Paris Exhibition the 
AnttvMower. By the end of the century the oil engine had become the cheapest 
stationary source of power on the farm. A cycle of good seasons greatly contri- 
buted to the measure of prosperity during this pcu’iod. The average yield of 
wheat ill Britain during the sixties was thirty bushels per acre, and the record 
yield of 18(33 was thirty-nine bushels. 

(G) The last long depression which closed the century began about 1875, and, 
common witli the dislocation of the general trade of the country, was largely 
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due to rurroncy influences, but also to bad seasons and to foreign competition. 
Altlioupfb tlie active currency influence has passed, by it agriculture has been left 
in an inferior position as compared with other industries, whieb W(Te more readily 
able to adjust themselves to altered currency conditions. Agricultural capital 
was immensely reduced during the period ; but along with the material shrinkage 
there were many important developments made. ]\[iss Ormerod, between 1877 
and 1001, laid the foundation of the subject of economic agricultural entomology. 
John (barton, of Newton -le- Willows, began in 1880 the system r)f multiple cross- 
l)reeding of plants which has resulted in the production of an inlinite number of 
improved breeds of crop plants; agricultural shows have become more numerous 
and successful ; tbc cream separator (the Alfa Laval, <S:c.) has rf;volntionis(>d tlie 
butter trade ; the advantages of the .system of ensilage liave been dtunonstrated ; 
Thomas’s phosphate powd<^r has been employed to encourage clover and improve 
permanent pastures ; the spraying of potatoes with Jlordeaux inixtuK* to pie\ent 
disease, and of grain crops with 3 per cent, solutions of sulphate of copper to 
destroy charlock, have both been succes.sful ; Tlellriegel and Wilforth demonstrated 
tlio powerof learnminon«: crops, acting in symbiotic relations with minute organisms 
living in the W’^art-like processes of their roots, to fix the free nitrogen of the air ; 
the systems of rotation of crops have also been revolutionised. 

Some of the difficulties with which farmers have to contend an' the increasi' of 
‘anbury’ in turnips, the development of a bact»'rial disease on llie swede crop, and 
the ever-increasing difficulty of the rural exodus, and the scarcity, inelliciencv, and 
dearness of labour, aggravated by an imperfect system of education for children 
in rural districts. 


5. Food and Land Tenure. ]h/ E. Atkinsox. 


SATURDAY, SEPTEMBER U. 
The Section did not m(*ot. 


MOXDAY, SEPTEMBER 10. 

The following Papers were read : — 

1. A Business Man on Supply and Demand. By T. S. Cure. 

Ml*. Goschen, some time ago, expressed regret that there was so little sympathy 
between business men and economists. This want of sympSLthy is traceable to a 
departure by some of our ecoTiomi.st.s from certain views formerly lield both by 
economists and business men, and still generally lu*ld by tlie latter. 

A chief principle of all sound economic.s is the law of sii])ply and demand ; the 
law that supply and demand are always tending to an equality at a e(*rtain exact 
point in price. That law has come to be questioned : .Tohn Stuart Mill accepted 
a correction of it, namely, that the equality was established, not at an exact poir«t 
in price, but that several diflerent prices might satisfy the law, which, indeed, only 
brought the price to a kind of tableland where it ceased to be operative, leaving a 
considerable range of price to be determined by other forces than the operation of 
the law of supply and demand. Mill held wdth Thornton that in the labour 
market, in fighting for a share of that indetermined range of price, the employer.s 
possessed so great an advantage by liaving the initiative in naming the price that 
nothing but a strong combination of workmen could give the workers oven a chance 
of successfully holding their own against the employers. 
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It is licM In fliis pftpcr tli.al tliw K not aii iiirh of groniul whw thp law of 
supply anrl ilemand ceases to operate : it is a law of tendency only, but always to 
an exact point , not to a piano of prices. Mills correction is not only unnecessary 
but untrue in fa«'t. ^riie initiative is not an advantaffo, but a disadvantage in 
bargaining. Tlioiigli the law of sup^dy and demand does not fix the terms of 
every indiviilual bargain exactly, Mr. Mills reined}', combi tnt tit greatly increases 
the area of indeteriniiiatene.'-s. " 

Mr. Alfred Marshall in his ^ Kconomics of Industry’ says that an employer is a 
much lar;jer unit than his men indh idually ; that th(i workmen are poor and known 
to have uo reserve, price ; and that th«*refor<». union among the rntm is iiece^ary. 
These propo.«sitions cannot he acct^pted. \\'agcs are not low hecaii.se workers an* 
poor ami uncomhined, hut because there are many competing for the job. 

Mill and Marshall are wroiiir in a])pro\iiig of trades unions, ai.d, as Mill puts 
no limits t,o the area in which he holds the law to he inoperative, we miglit suppose 
that area to he iiidetinitelv large ; it luiplit indeetl cover aliiio.st the \v hole field, 
and the law of supply and deiimml be hani.'hed from all discii.'ssiou of labour 
([ueslions. 

And it is the case that in the economic journals, in tlie writings of the 
younger economists and in the con.stitutiona i.f societies to help the working 
classes, the idea of there being a law wcirking automat icnlly to a ju'^t and satis- 
factory tliMhion is almost, if not quile, absent. Satisfactory division is to he 
secured through investigations into facts and statistics, ami a ( {overnnu‘nt depart- 
mmit i.s sugg«‘sted to cullect tlie>e, w'hich one (‘conoiui^t sjieaks of as necessary 
preliminary to all social progr»*8s.* 

This view is held to he erroneous. Tnvestigmtions are not required to give us 
the proper price of iron or cotton, and there is m> g(K)d rea.son why they should lx* 
neoessfiry ill regard to the wage.s of labour. Adam Smith laid liardly any figures 
and no fa<*ls hut such a.s were patent to eMuyhody. 

Tho want of belief ui this (‘(pialising law of su}iply and demand is .shown in the 
ready acce]»tance of comjilaint.s of grievance.s in part it'ular trades. It is forgotten 
lliat all trade.s have peculiar conditions, but that nil tend to an equality of advan- 
tage ; that llh* .so-called grievance U certainly <*()unterha lanced by soim* advantage. 

No human power could make .such inve.'^tigations as would enable it to make 
a just ilistrihution of the ]uo<lucls of industry. Onuii''cienc»‘ and omnipotence 
would be needed for the tasK, and the law of Mipply and demand alone has these 
qualities. A belief in the heiieficeiit and efiW‘li\e operation of that law in thn 
labour inarlod and tin* practical ropudint ion of if hv economists ami philanthro- 
pists is the chief ililference hetwe(*ii tliesc <*lasses of vvhhdi Mr. Gosclieii .spoke. 


1*. The DecVme of KiftoJitif hi (ireot /Irifohi, 

/#// KnwiN (hwNAX, df.i1., LL,D. 

Ih'tweon 1S71} and 1000 llio birth-rate of hhigland and Wale.s fell from 30 tc 
20*3 per tliou'^and, hut as this ratt* is culcuhil**d cm the whtde population, it cannot 
he t rustl'd to .show changes in natality. Those may he lui'asiiivd roughly by 
coiu]airiuir the hirtlis of each ve.ir witli the imudier of persons horn. say, twenty-six 
year.s hefove. The rati«> of the births of l .'^77 to those of I Sol was 144 to 100. 
Since tlien the ratio has tullen steadily, till ihni of I ‘.>00 to |S74 vvas only 10S*3 
to 100. Tlie ratio helw’eeii the hirtii.s and the sur\iMU*s of the persons born 
twonly-six years before and still remaining in this country probably fell still 
inoic. 

The decline of natality does not seem to have been duo to a decline of nuptiality, 
but to tlie fact that, the average iiuuihi'r of children resulting from each marriage 
has diuiini.slied. To compare tho marriages of eacli year wdth the births in that 
year is misleading, but it is possible to get a useful result by substituting for the 
marriages of each year a figure* in which due weight is given to tlie marriages of 
previous years, 'fhe following table gives tlie ratio between the legitimate births 
of each year and a weighted marriage figure equal to the sum of 2*5 per cent, of 
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the marria^^es of that year. 20 per cent, of those of the previous year, 17*5 per cent, 
of those of the year before that, and so on, with percentages of 15, 12*5, 10, 7*5, 
o, 3*76, 2*5, 1*75, 1*25, and 0*75. It will be seen that the ratio or number of 
children per marriage has fallen from 4*30 in 1881-1884 to 3*74 in 1890, and 
about 3*03 in 1900 : — 


Year 

Ratio 

1 Year 

Ratio 

1 Year 

Ratio 

Year 

ii 

Ratio 

1851 

3'92 

1 1864 

4-17 

1 1877 

4-30 

1 1800 

4-08 

1852 

401 

1865 

4*14 i 

1878 

4-30 

' 1801 

4-21 

185H 

3 ‘8 7 

1866 

4-00 

1870 

4-28 

: 1802 

405 

1854 ! 

3-90 

1867 

410 

1 1880 

1'34 

! 1803 

405 

1855 

3-85 

1868 

416 

1881 

4 36 

, 1804 

3-90 

1856 

3-97 

1860 

400 

1 1882 

4-36 

' 1805 

401 

1H57 

3*07 

1870 

410 

i 1883 

4 35 

1806 

3-04 

1858 

3-00 

1871 

419 i 

1881 

4-3(5 

I 1807 

3-88 

1850 

4-10 

1872 

4*20 1 

1885 

4-27 

' 1808 

3-80 

1860 

4-01 

1873 1 

4-22 1 

1886 

4-32 

1 1890 

3-74 

1861 i 

4*03 

1874 1 

4-26 

1 1887 

4-24 

1000 

3-63 

1862 1 

415 

1875 1 

118 ' 

! 1888 

4*20 



1863 ! 

4*16 

1876 i 

4-31 1 

1 1889 

4-21 

1 



The natality of Scotland fell in the same period from the same cause, though 
the fall was not quite so great. 

There is no reason to regret the approach of a time when the population of 
Great Britain will become stationary, but the cessation of the overtiow of 
population from Great Britain is a serious matter for the British empire, as the 
natality of the British colonial population is low and diminishing. 

3. Tlio. Significance of the Decline in the English Birih-rate, 

By Charles S. Devas. 

Great increase of population in England shown by the recent census —Character 
of increase requires examination — Decline of tlie rmtt/ral rate of incr(*ase a result 
of the decline of the bictli-rate — This decline persistent in spite of a iiigher 
marriage rate— Likeness to the decline of the hirtli-rate in France, in North 
America, and in Australasia — Analogous decline among the Greeks of the second 
century n.c. described by rolybiiis— How he accounts for it— -Similar decline 
among the Homans of the classical period — In the six cases of Greece, Koine, 
France, America, England, and Australasia one common antecedent to the decline 
of the birth-rate is observable, namely, decay of religious beliefs— l)(‘diictive 
reasoning supports the inductive conclusion of a connection betw(‘en tlie two 
phenomena — IIow far John Stuart MilFs antinipations on popnlatifin hav(‘ Lam 
realised in England— Grounds alleged for the slow incr(‘as(‘ of the Frencli popula- 
tion— Possible special causes of low birth-rates— Striking dilference of opinion on 
whether a low birth-rate is desirable or not — Problems before us, 


4. Correlation of the Marriage-rate and Trade} By K. H. Hooker, M.A, 

The application of the theory of correlation to economic plienomena frequently 
presents many difficulties, and most fallacious deductions may easily h(' drawn 
from its careless use, notably with regard to such phenomena as involve the 
element of time. The usual formula adopted for testing the correspondence of 

two series of variables is which x., a' are the deviations of two 

WCTjO-o 

( -ponding observations from the averages of the series, and tr,, a*., are the 

* Published in extenso in the Journal of the Royal Statistical Society ^ Sept. 1901, 
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standard d«^ vial ions. But this porrelation will clearly only f?lve an indication of 
the correspondence of the general movements of two curves; whereas the minor 
movements may he intimately connected, although the general movements may he 
quite different. It appears possible to slightly modify the usual method of correla- 
tion so as to eliminate the general movement in the special case — of very frequent 
occurrence — where the phenomena exhibit a regular periodic fluctuation, and to 
correlate the oscillations. All that is necessary fur this purpose is to replace the 
deviations from the average of the whole series in the ahov(‘ formula by the devia- 
tions from the trendy or curve of instantaneous averages. To determine this 
note the number of observations 0>) in a complete phase ; the instantaneous 
average at any particular point is represented by the average of the observations 
of which that point is the middle one. 

As an illustratioTi the method may he used to determine which of the sets of 
figures, quoted by the Begistrar -General in liis annual reports for comparison with 
the movements of the marriage-rate, is most intimately connected with it, ^ iz., 
imports, exports, total trade, wheat prices, or amount cleared at the Bankers* 
GJeariiig House. The ’“a: • i i. -sr.'i* is now^ lower than formerly, whereas the 
trade per head lias increased : tliere is thus no correspondence between the general 
inovemonts, and correlation by tlie usual method about the average merely confirms 
this. Buttle*:! i - -i..-- (and four of the other phenomena to be examined) 
shows fairly regular Ofscillat ions with a period of about nine years. Beplacing the 
average of the whole period in these various series by the trend, the ‘ average ' for 
any one year being the average of the nine years of which it is the middle, we can 
thus ascertain what correspondence there is between the oscillations of these 
curves. By (Mrnla'i'ig tlie n!..i::;.^ •■.■i‘e with the trade, &c., of the previous and 
following year-, nf hall* a year earlier, &:c., other correlation coefficients are 
obtained : if tlieso are plotted on a diagram it will easily be .seen that there is a 
point of niaxiiniiin correlation. This giv<*8 a measure of the lag of the marriage- 
rate behind tlie trade-curve, the point of inuximuiu correlation indicating the 
period with which the marriage-rate is most closely connected. 

It is thus found that the total trade per head and the amount of clearing are 
most intimately connected with thi* marriage-rate, the exports per head is 
almost as closely, and the imports per head le.ss so, allhougli tlie correspondence 
with all four is very close. There is on the other hand no connection between the 
])rico of wh(*jit and marriage-rate nowadays. As ri'gards lag, the marriage-rate 
is now just half a }ear behind the total trade, three (junrti'rs of a year behind the 
exports, and about one and a quarter year behind the clearing. 

It is Tioticeahle that in 1S<»1 -75 the marringe-rate was only a quarter of a year 
behind tin* total trade and export curve.'j, indicating that it now responds a little 
more slowly to llu* gt*neral prosjierity. It is intere.sting to observe tliac this defer'^ 
meiit of !i quarter of a yi*ar (as compared with total trade) corresponds very fairly 
with the doferineiit indicated in the marriages by a consideration of the ages at 
marriage. 

T). Johif Discuiifiion irith flection L on Economics and Commercial 
Education^ opened hj L. L. Prick. 

In till* middle of the nineteenth century the economist exerted a dominant 
influence over British public opinion, hut by the close of the centiirv that influence 
had become le.ss oonaiderahlo. The stir now arising on commercial education 
offers ti fresh oppovtuuity for as.serting the claim of Economics to a distinct place 
in the education of the citizen ; and two circumstances favour the advance of the 
claim. On tlie one hand, the -inner hi.story of economic study ull’ords reason for 
btdieving that the old controversies, which created such noise, are dying or dead ; 
that the criticism, which has been hii.sy, has been accompanied by a considerable 
amount of constructive work ; and that the poimlar antithesis between the ‘ old’ 
and the ‘ new ’ schools has lost its meaning, if it is supposed to represent irrecon- 
cilable feuds. On the other hand, economic guidance is more urgently required in 
practical affairs ; for many questions coming to the front of popular discussion are 
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economic in character. The pressure of commercial rivalry^ for example, is likely 
to re-att'aken the controversy between free traders and protectionists ; and Economics 
lias something of importance to say on this question. The superficial appearance 
of things may easily mislead, and economists can render unique assistance in 
disclosing the ^ unseen ’ below the ' seen.’ Similarly, with regard to questions 
classed as ‘ socialistic,’ which are attracting increasing notice, although Economics 
is not entirely individualistic, and its conclusions may be modified by political 
considerations, its aid is nevertheless important. Jloth classes of questions are of 
special interest for the merchant and the manufacturer. T'he individualistic 
spirit prevalent among Americans, who promise to be the most formidable of our 
commercial competitors, lends emphasis to the danger attaching to a trade union 
policy which, of unconscious or deliberate intent, may possibly offer real liindrance 
to the rapid use of new machinery or the speedy introduction ot novel husmess 
methods. Restrictive legislation, for the same reason, must be scrutinised, 
although in the early days of the factory system economists erred from shortnc'ss 
of sight, and * factory reformers ’ display(‘d more regard for the permanent welfares 
of the nation. Economic study is specially calculated to induce the habit of mind 
needed to discover and expose lurking fallacy. 

On this gtoimd a place may he claimed for the abstract reasoning of the text- 
books in commercial education. Business men deal with the concrete in their 
ordinary lives, and without some preliminary mfmtal discipline they may fall a 
prey to unsuspected fallacy. Some training in logic is lield by most men to he 
beneficial, and an acquaintance with economic argument, as expoumled in the 
theoretical reasonings of the text-hooks, may impart this training in close connection 
with the phenomena of business-life. Although the business man may act hy 
instinct rather than reason, instinct is often the slow product of largo experi<*nce ; 
and an ahdity to see and trace the connection between caus(» and effect cannot fail 
to be useful. Without soraci such mental training the possibility of a ‘ plurality of 
causes’ and an intermixture of effects’ may escape recognition ; and, as an 
intellectual discipline, the abstract reasoning of the economists affords a more 
rigorous and bracing exorcist' than economic history. Regarded from this etaiul- 
point even * mathematical mt'thods ’ of study, which induct* ])recisinn, may find a 
place in commercial education ; but the place cannot he large, as they foster tht* 
harmful idea that economic reasoning is too hard for average mt'u. 'fhe use of 
theory as a mental training might he illustrated by many examples ; but tin* 
theory of money and of tanking, which has undergone loss change than other 
theories, and is closely related to the daily life of bankers and financit»rs, may he 
taken as a typical instanct*. 

Economic history must fill a very large place in commercial education. It has 
recently made marked progress. Escaping from arid controversies about method, 
although the conclusions of one historian may be questioned or rejected by his 
successors, and ranch may remain unexplored or uncertain, it is now able to pri'sent 
the broad characteristics and leading events of J'lnglish commercial and industrial 
history in orderly sequence for the instruction of the citizc'ii. From tin' p«)int of 
view of commercial education too much time may hith(*rto have been spent on 
questions of origin — such as the manor- -which attract by the op])ortniiit y they ofler 
for ingenious hypothesis, but are from their natiin' (litficult to solve, and, hy 
comparison, too little attention may Jiave been bestowed on later hut less misty 
periods. But it is impossible to gain a real litovvlndLO' of the causes and conditions 
of the commercial and industrial success of rnghuitl without a special study of 
economic history, as general histories have dealt hut scantily with economic 
matters. The maintenance of that success is, to some extent, dept'iident on the 
knowledge and on the investigation of the rise and fall of other nations which have 
been conspicuous in trade. 

Lastly, Statistics, whicli has also progressed of late, supplies Economics with 
the means of systematic observation, in default of the more (*lfectivf‘- mode oi' 
experiment open to a physical science like Chemistry. An elementary knowh'dge 
of statistical technique and methods is a requirement of the times and a spc'cial 
ni'ed of commercial education. 
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TUESDAY, SEPTEMBER 17. 

Tlie following Paptirs were read : — 

1. A Discussion on llouslnrj was opened by Professor W. Smart. 


2, The Econo tnlc Effect of the Traoiways Act, 1870. 

By E. F. Vesky Knox, M.A. 

The Act. has now been lliirty-c>ii(* y(‘ars in operation, and has never been 
ameiidt*(l. It has been a disastrous legislative experiment. This view is not the 
ri‘sult of Opposition to municipal trading, nor based on any idea that municipal 
ownershi]) of tramways is an ecoiKJiiiic mistake*. 

1. Jlislory and Effect uf the Ad. 

Till' decision in llcy. v. Train ( 1802) rendered it necessary to obtain i’avliamen- 
lary authority to lay down a tramway. The ol)jeci of the Act was to facilitate 
tramways by substituting jVovi«ioual Order for Bill. It was, however, hedged 
round with restiictioii'-. 

II. I'hi Via oj the Diparho nial Ah f /tod <>/ Ltf/i^ilat ion. 

The essence of the departnieiitnl method j^ that the inspector who holds the 
local iiujuiry (if jiii> ) huMio autliority to decide. Tin* Board of Trade ha\e failed 
to obtain any respect tur decisions in really cor.te''ie(l cast's. In Mich cases the 
practice of promoters is now to uo to I’arliamcnt direct. 

111. f/ie IVant o/ ( 'tnujml.-'nry 2'ofrer.'^ fur the Taliiny »>/ Lund. 

riiigli.'>h roaiN ore seldom suited for tramway^ without alteralion, yit the 
Tramway Order may not anthonse the tahini* of land for road wideninir. 

TV. Thr J'nniifUt i'fi Vrtn, 

Krontairers in narrow plaeeN can pvtnent tramwu\s by a mere iiu clianical veto, 
Hiis Inis led to singh' lines and othi'r had tramways. 

V. 77ir Vit\t of the Local Anifviritie^. 

'rills veto IiM.-? soiiietimes Ih'eii abu-ed. and has tended to di.sc.mr.i^e tbt' best 
Pidicme.s and tin* f-ound»*st ])romote'>. It is not, however, lihely that an objection 
by a local autliority based on reasonable grounds would over be overruled. 


Vl. Tin Purchase ('lausf. 

There Wert' some gooil n'sisoii.s for inserting* a ])iirehiise clause, tlnmgli nothing 
of the sort had been iipplled tt) railways, and cra.s and water undertakings have only 
liet'ii purebast'd undt'r special Acts at a very full pric*. It is now hopcleas to con- 
tend that there should be no power of imrchast*; ilie really dehatable mutters are 
the period and the methotl of vahnitiou. Mr. Siiaw Leihvre anlici}»ated that pro- 
mntt*rs wtmhi not mind the purchase clause hoenuse tliere wa.s no limitation ol 
profits. What they did was to try to take tin'ir protifc through intlating tho 
laipital, and ch*ar out. Kencti abortive .schemes and diMippoiiited investors. The 
c'nnjiarison between the price at which railway and tramway capital can be raised 
is not les.s instructive than that between private and iniiiiicipal credit for tramway 
purposes. Tho host class of investors havo been JiBcouraged by the Tramways 
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Act, and the cost of capital for tramway enterprise has consequently been 
increased. 

The great discovery of the application of electricity to tramways came just 
when the purchase periods in England were running out. There was consequehtly 
along delay in adopting the new invention, find though England ought, but for 
Parliament, to have led the world, as it did in i ail way construction, it has been 
kept behind other countries, and has suffered social, economic, and industrial loss. 
There is no other country which had so great a need for electric tramways as 
England. 

The corporations have been slow to try experiments owing to their careful 
trusteeship of the ratepayers’ money. 

The method of valuation is more important than the period of purchase. If 
goodwill is not to be paid for there is no adequate motive for d-xt loping abu&i- 
uess. The corporations have actually lost on balance, for while Tramway Act 
price is less than enough for a good tramway it is too much for a bad tramway. It 
pay.s the company better, when the purchase period is approaching, to retain an 
obsolete equipment, which ought to he scrapped, so as lo make the corporation 
buy it. 

Practically no tramways are now made by companies on Tramwuys Act terms 
without modification ; hut the retention of the Act on the statute book still does 
a great deal of injury to tramway enterprise. 


3. Notes on Olasr/oic Wa^es in the Nlaeiecnilt Century, 

By A. L. Bowley, JI.A. 

The statistics availahl(‘ for an estiniato of the cluinges In the rnt»‘> of jnrrugc 
wages are very numerous, but it is only in a f(‘W ca^ert that a reliable calculatioii 
eXtondifig over half a century can he luadt*. 

The following ta^le shows in rruigh form {iv(‘rage money wages (jissuming no 
change in regularity of emjilovimuit and averaging over 1(‘U or twenty Hu 
various industries, expressed in each case as ])ercentag('> of thtar Lwid in the 
decade 1800-1900;— 
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4. The Poor Laio and the Economic Order, By T. Mack ay. 

Early legislation concerning the poor was for their regulation, not for their 
relief. It was based on an assumed adscription of the population to tlie soil. The 
obligation of the community to relieve was of later origin. On this territorial 
basis was founded our system of poor relief as establislied by Elizabeth. 

The legislature regarded tlu‘ population as stationary, but it was not till some 
fifty yciars afterwards that the mobility characteristic of an industrial population 
came into conflict with this assumption. 

For remedy the 14 Oharles II., c. 12 (1CG2), attempted to define settlement 
and facilitated the forcible removal of migrant labourers to their place of settle- 
ment. The tyranny of this has often been condemned, and from the first many 
methods of evasion were adopted. The complete immobility of the population, 
however, was due, not to this enactment, but to the guarantee of maintenance held 
out to everyone who clung resolutely to his parish and to his decaying industry. 
It was this system of imprisonment in some 15,000 parishes that gave rise to the 
appearance of over-population. Labour was rendered immobile, not only in place, 
but in character and habit. 

The business of the new poor law in 1834 was to relax these bonds and allow 
the absorption of the population into the economic order. It was in largo 
measure successful, aud subsequent experiments in the way of restriction have 
sought to carry the reform further. Ihe justification of a restrictive policy is 
that pauperism is a retention of a part of our population in a condition of primitive 
])Overty much longer than the economic necessity of the situation warrants. 
This archaic survival is to be contrasted with the economic oi*dor, which offers the 
true policy of omaiicipatioii. 

The hand-to-inoutli life is now more amply endowed than it has ever been ; a 
considiTatioii whicli answers the urgmneiit that, in Mew of the improved 
conditions of working-class liie, a relaxation of iioor-law te^ts is desirable. 
Improved opportuniti»^s for independence too ofUm luiTely go to make the pro- 
letariate life, for the time lieing, more profll^e and irresponsible. The difficulty is 
to induce a certam typt‘ to siihmit, in (‘\eii the sliiihtest degree, to tin* disci]>line of 
the economic order aud to reiniunce its much more natural, primiti\e, hami-to- 
nioulh instincts. 

Maine’s generalisation that progi'ess is from status to contract is ba.sed on 
historical fact ; but as regards the future it may not be the last word. It is sub- 
mitted, however, that,e\eu if we welcome a tendency to revert in certain directions 
to civic and munieipal btatus, the status of parochial pauperism is a condition from 
which we should endeavour to emancipate our poorer population. 


T). Brlti<h Colo}iial Policy In. Its Economic. Aspect. 

By Aucuibald F>. Claiik, M.A. 

The timely ami siil).s(antial assistance rendered to (heat llritaiu by the 
Colonies in the South African War has awakened a fresh interest in the question 
whether a more formal recognition and exact, definition should not be given to 
the rights and re.sponsihilities (d’ the (.kdonies in connection with the government 
and defence of the Em}iire. 'I’he problem, like nearly c\erv practical problem, is 
not exhausted by consideration of its purely economic aspects, Jlut the policy of 
‘tightening the ties ’ is^, at jiresent, advocated mainly on economic grounds; and it 
is .sought to attain tlie end in view by the manipulation of economic factors. 

As regards defence, under modern coiidilioiis a huge and growing expenditure 
on the Army and Navy is inevitable ; and it is argued that the Colonies, who 
equally with Great llritain gain from the re.sultiiig security, may fairly be asked 
to contribute towards the expense. But (^/) by way of compensation our weight 
in the councils of the nations is vastly greatiT by reason of the possession of our 
Colonial Empire. (/;) Recent experience suggests that the interests of Imperial 
Defence may be better served by tbe spontaneous action of the Colonies than by a 
formal and binding contract. 
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It is thought that we might find material componsation, and at the same time 
meet the hostile tariffs of foreign countries and increase the strength of the 
Empire, by entering into a Customs Union witli our Colonies on the basis of free 
trade within the Union and protect ion against the foreigner. ( )r, failing that, wo 
might adopt a system of bounties on trade wiih the Colonies. Hut (a) we rely on 
the foreigner for food and raw materials ; and of the total external trade (import 
and export) of the UniUd Kingdom, roughly 7o per cent, is, and has been for 
half-a-century, a trade with foreign countries, (/j) The (ii\(‘r.'ity of inlercHts, loo, 
among the Colonies theiu'^elves venders it hopeless to exptjei that any .scheme 
could he formulated which ^^ollld tail to create discord, (cl Any such .scheme — 
whether of ditferential duties or bounties- -\vould involve a serious departure from 
our free-trad© policy the great virtue of which is its practical .smijili/ity. 

Like that Iree-trade policy, the existing connection between (IrtNil Britinn and 
her C/olonies may be imperfect in theory, but, like it, it lias proved workable in 
practice. Under the one we haveenjo\ed half-a-century of llll^l^alhid prosperity ; 
and, as the outcome of the working of the other for a similar period, we have 
amongst the Colonies a sense of unity and an intmisity of lo\ally to tliii mother 
country unparalleled in history. This, too, has been most iinqnalilied where the 
hand of ‘ Downinj? Street ’ has been least conspieuoiu>. The policy ot' ^ tightening 
the ties’ is really retrograde and iiiihistorical. It rejireseiiis the. extreme of 
reaction from the view which prevailed generally from about 1810 to JS^O that 
the independence of the Colonies would he the natural outcome of the i*onet‘vsiuii 
of self-government . It involves a return to that system of monopoly and iiiler- 
fereuce by the central irovernmeiit which in the i^igliteenlh eeiitury lo^l u.s the 
American Colonies. Tu our colonial policy the moat pressing need at present i.s 
concentration and economy, based on recognition of the truth that trade lollows 
the tlag in no other .souse than that it follows the establishment of peace, s*‘ciirity, 
and good government. 


6. The Preaent Position of Wotmuv as a ]Vorkn\ Py AI. JT. 

Owing to the rapidly Incn ,Hiug uumhf*r of wonum who are \ear In u ar 
rnlenng both the ])rolef*^ional and the indiiNtrial labour uuirKel, the nature ami 
conditions of women’-' emphiMiwmt form :t Mihjeet of jiv't importanci* to the 
economic student, not only in relation to the wonu u them^-elves, hut aLo in 
respect to tli'Mr men fellow'-w'orkers, and the gem ril d'*vclo|)ineiii of our national 
industries. Many induct rial eoiii]»lii ation-. ha\*'ariM‘n, and llin'aten .still to arise, 
from the ])resence ami the oxtiuided applhation of women'-, i.iliour. 

Tlieri* IS a want of adequate and authoritative iiifonnaliou reiranlmg W'<»iiien's 
W'ork. Till* subject has Miilered in tie* pa-t from being regardial us a matter for 
philanthropic scut iinent ?*at her than economic rer.eaich. A change of at I itiide i.". 
being brought about through varinu'-’ causes. 

The need for sy.stfmiatic inqiiirv and exact knowledge as providing a liasi.-. for 
both idiihinthropic effort and legi-lativi* reform. J.egi^hitive ai^tion i-* sjieiially 
desirabh' for the regulation of the eonihtion-. of women'- work, ovviim to the 
difficulty of forming any organisation among tliem .siillieieiit 1\ .strong t<» ]irot.ecl 
them from po.ssibh* evils in the way of excosivo hours and ether unhealthy 
coudition.s of w’ork. 

Uesult.8 of in\e-lii',iti.u:'« undertaken by the Seotti.sli (k)uncil for VV' omens 
Trades and other bodies into various emplovnn nts followed by women in which 
there was either no h‘gislative, ruhtrietioiis, or the^e were defective. Laundries, 
shop 1 into home w'ork. I’hc* eioiiomic re>iilt.s of home work. 

Th'} ■ ■ le question. Propo.sefi ivgulatioii.s. The dn's.smakmg trade. 

The tailoring trade. A comjilex and highly graded iiuluatrv of special value a.-> a 
suliject for economic iuve.4igation.s. 

Among tlui suggcbtivc poinfs olfered for study bv the tailoring trade arc the 
competition between the men and women worker . 'J’he result,, of tlie int roduction 
of the cheap and unprotected labour of women, system- of wages rating, displace- 
ment oi the skilled hand labour of men by tho mHchinc-teud‘ <i and v umparuUvely 



THANSACTIONS 


757 


tinskiUed labour of women. The rise of the clothing factory and spread of the 
division of lttlx)ur system, the operation of factory legislation, and the Public 
Health Acts. The difference between the rates paid to the two sexes for work 
of the same nature and t^fliciency. The absence of a standard and uniform rate for 
women’s work. 

0 uses which may account for the lower w^^ge^-rates of women. Attitude of 
the men’s Union towards the women workers. The nature and significance of 
women’s competition. The (jxtension of mechanical aids favouring the increased 
application of women’s labour. Idie typographical trade. The new printing 
machines and the scarcity of boy labour furthering the (employment of women. 
The textile trades of Scotland. I'hese have b(‘Come ]>ract\cally women’s industries 
since the introduction of the pow(‘r-loom. bookbinding. The non-employment, 
of womtui in many departments of this trade is due to artificial resirictions, such 
as custom, and the lines of demarcation laid down by the men’s Union. Ho far 
as an investigation into the printing, Ixjokbinding and kindred trades which is 
now i]i progr(‘Ss has g<me, it would appear that while machinery has displaced 
hand labour in ('(‘rtaiii depart m(*nts, owing to th«* largely increased output, thert> 
has been an increase in the total number of workers (‘mploy(‘d ail over the factories 
coming undtu* obsiTvntion. 

In view of possible future industrial change^, iu which womeu's labour is 
likely to be a very important fact or, there is urgent n(H‘d for systematic inv(‘stigatioiis 
of the nature and condith^jis of wom(‘n‘s labour. 


n'jnjxKSDAy, sKPTr.MiiKii is. 

The folloNN ing Papers and ll('])ort wt've read 

1. The R^ al Ivcideucr <if Local Ratrfi. 7/^ Camkron Corbett, M.P, 

The incidence of local rates is fundamentally inllneiiced by the (juestion as to 
whether the area alfected by them is fidly built up or is alfected by a practical 
chance of additional acccommodatiou being provided within it. If it be fully built 
up, then the rate falls on the owner except in so far as the cause of the rates is cal- 
culated to aflect tlie rents beneficially; that is to say, the burden of wasteful 
administration would fall upon him. lathe cases where a higher rate affects an 
area where building can be influenced by it, tlie burden falls on the tenant in the 
same way as the burden falls on the consumer of a manufactured article, production 
being checked thereby. 

Tlie proposal, after taxing building and laud together, to put a special second 
burden on land values would raise the price of houses to buyers, and consequently 
the rent to tenants. The reduction of four years’ purchase in the selling price of 
ground rents which has taken place during recent years has amounted in many 
instances to more than the whole cost of the land, and has therefore affected the 
production of houses as unfavourably for the occupiers in these cases as if the cost 
of the land had been doubled. It is quite evident that land values being exposed 
to a special rate would affect the buyers and tenants of houses very severely, for 
the builders would require to get as much additional inducement from the buyer 
of the house os would counterbalance the lessened amount they would receive from 
ground-rent buyers. 

2. Recent Remllff of Farm Labour Colonies, By Harold E. Moore, F,S,l, 

At the Liverpool Meeting in 1895 a paper was read on ‘ Farm Labour Colonies 
and Poor Law Guardians.’ It was then pointed out that farm labour colonies 
might be considered to be of two distinct classes. One of these would 
be colonies for the reception of well-conducted men of the working classes 
temporarily out of employment ; and the other class would be colonies for the 
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reception of men who would otherwise be in the casual wards, inmates of work- 
houses, or dependent partially on private charity. It was supfp^ested that the esta- 
blishment of colonies of the first class was difficult ; but the further extension of the 
second named was recommended as being both desirable and practicable. 

During the last six years there has been extension in the work of the last 
named, and so far with satisfactory results. Colonies under the control of volun- 
tary committees, but subsidised by grants from Boards of Guardians, are at work : 
(a) At Hadleigh in Essex, under the control of the Salvation Army ; (b) at Dorking 
in Surrey, under the control of the Church Army, in succession to a smaller one 
carried on by that " 'ear Ilford in Essex; and (c) at Lingfield in 

Surrey, and another ■ ■■is.- l\- ‘ -I.i! in Westmoreland, under the control of the 
Christian Union for Social Service. The financial and other results of each of 
these efforts from their economic aspect is separately considered. 

There are also colonies in operation not subsidised by Poor Law funds, the 
most important being the one under the control of the Scotch Colony Association, 
near Dumfries. There is also a colony for women only, founded by the efforts of 
Lady Henry Somerset, near lleigate in Surrey, as well as some smaller private 
attempts at providing work on the land as a means of relief ; while Guardians at 
Sheffield and elsewhere are working land. 

The results show that colonies for the second class (a) have reduced the cost 
of maintenance of those there received as compared with the expense of their 
maintenance in other ways ; and (b) have been beneficial as a reformatory influence 
when the work has been under the control of Christian voluntary committees, 
restoring some to independent life who would otherwise have remained in a perma- 
nent dependent position. 

3. Feebleness of Mind^ Fauper'ism^ and Crime. By Miss Mary Dendy. 

The special goint to be proved is this: we are to-day suffering from an evil 
which will, if unchecked, bring ruin upon our nation, and that before very long. 
A chain is no stronger than its weakest link, and the weakest link in the chain of 
our social life is the mass of mentally feeble persons who live amongst us, 
unguarded and unguided, suffering and helpless, a danger to themselves and to 
Society, and perpetually propagating their species. The time has come when this 
evil must be dealt with, very tenderly, very kindly, so far as individuals are 
concerned, but very plainly, very scientifically, so far as Society at large is con- 
cerned. As years ago our nation realised that we had no right to populate a new 
country with criminals and ceased to send its convicts abroad, so now we should 
realise* that we have no right to provide for our own future a feeble, helpless, 
half-witted population. 'J'hat this is what we are doing at present there is no 
doubt ; the main cause of feebleness of mind is heredity. 

The time is come when we should ask for scientific morality, should question 
what is morality worth which is not scientific, and should demand that the 
transmission to the future of a terrible evil shall be stopped — an evil which brings 
all other evils in its train. It is not only that our weaker brethren themselves 
become criminals ; they afford the opportunity for crime in those who are not 
weak but only bad. It is probable that two-thirds of the crimes of our nation 
might be prevented in the course of two generations by a scientific method of 
dealing with the feeble-minded. And we must remember that it is futile to talk 
of weak-minded criminals as sinners. Sin there must be, where so much crime 
and misery are ; but the sin lies where tlu* responsibility lies, and that is with the 
san€^ and not with the insane. 

The one defect most generally common to weak-minded persons is great 
weakness of will-power. 

There is a whole class whose feebleness consists in a total lack of the moral 
sense. It was of these that Huxley wrote : ‘ As there are men born physically 
cripples and intellectually idiots, so there are some who are morally cripples and 
idiots, and can be kept straight not even by punishment. For these peo^e there 
is nothing but shutting up or extirpation.’ 
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Many persons who are, when left to their unassisted efforts, quite helpless can 
earn a living, or partly earn a living, when under constant supervision. The 
lacking will-power can be imposed from without. The late Sir Douglas Galton 
said that the feeble-minded man could never be worth three-fourths of a man. 
That three -fourths, at least, could generally be arrived at in proper conditions. 
His weakness of will makes him obedient to any suggestion ; he can be trained to 
make use of all the faculties he possesses, and those faculties, though they cannot 
be made normal, can be greatly strengthened. Thus in good bands he may become 
nearly self-supporting, while in bad hands he is self-destroying. 

However, the Commissioners in Lunacy have given us a good working 
definition of the feeble-minded. They speak of ‘ persons who are known as the 
feeble-minded. They are not the subjects of such a degree of mental unsoundness 
as in the opinion of the medical officers renders them certificable in the eye of the 
law, and they are, therefore, unable to be detained against their will, although 
they are not sufficiently of sound mind to he able to take care of themselves.^ 

Jkielly what happens to a feeble-minded boy (and there are three boys of this 
type to every two girls) is this : He leaves school quite unable to take care of 
himself ; very often the one wholesome influence of his life ceases with his school- 
days, his parents being very little stronger in mind than himself. Their one idea 
is to make him earn money for them. He knows no skilled work and cannot keep 
u situation if he gets on(\ lie comes upon the streets, sells matches, shoe-laces, 
papers, and generally ends by turning up in gaol. By this time he has become 
used to a vagrant life, and as he can only move along the path of the least 
resistance, and as it is made so much easier for him to go wrong than to go right, 
he goes wrong persistently, and becomes a confirmed criminal. So he grows up 
through a pitiful and degrade<l youth to a pitiful and degraded manhood and dies, 
leaving behind him offspring to carry on the horrible tradition. With the girl.s 
the evil, though not more real, is more obvious, and for this reason more attempts 
have been made to help them than their brothers. Of course, in accidental cases, 
where the parents are respectable, they do their best for their weakly children, 
and try to keep them at liome or wdth kindly (‘mployers. But if they are of the 
wage-earning class they ultimately, in nearly every case — their natural protectors 
(lying — come upon the rates. 'Phe main cause of this terrible evil is, undoubtedly, 
heredity. The child of a feeble-minded parent is likely to be one degree at least 
worse than that parent. Dr. Caldicott, of ICarlswood, says : ‘ In our statistics the 
one cause which stands prominently forward is //c7yy//V//, and the more accurately 
we are able to penetrate tlie family history of our cases the more are forced 
to the conclusion that a very definite “ neurotic ” taint is lound in the direct and 
immediate progenitors. For my own part I believe this to be as high ae 70 to 
75 per cent.’ Dr. Muller, of Augsburg, also states that 70 per cent, of weak-minded 
piTSons are accounted for by heredity. 

The Knglish law has at length rt'cognised the existence of tlieso people as a 
class, apart both from the sane and the certificated insane. 

It now permits educational authorities to make provision for them, but only 
up to the age of .sixteen. As if those who are mentally unsound at sixteen 
would be mentally sound nt s(‘venteen ! 

In 189(S there were 100, .‘122 children on the books of the ])ublic elementary 
schools of ISIanchester. Of tlie.se 44,40fl were in the Board school. I now 
proceeded to make an inspection of all these Board School children, and I saw at 
their work, all who were in actual attendance, 89,000. When I saw a child who 
seemed to me abnormal, I made a special examination of it, speaking also to 
normal children so as to avoid singling out any one for remark. With the aid of 
an attendance officer, I took down all particulars concerning the child. In this 
way I made notes on 525 children. This report would, of course, not in itself 
have been reliable evidence. But when it was complete we were so fortunate as 
to secure the help of Dr. Ashby, our great children’s doctor, the head physician of 
our children’s hospital, a man whose opinion is acknowledged to be the best 
possible. He most kindly consented to see all my cases. lie examined every 
child carefully and gave a written opinion on each. He summarised the 

3 D 2 
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result thus : * Out of 500 examined, 214 were dull and backward (it being under- 
stood that the backwardness arose from the <*hild’s condition, not from homo 
conditions), 270 were mentally feeble, 4 were deaf-mutes, and C did not appear 
to be sufficiently behindliand to come under either of these t<‘rms.’ 

Adding the proportion fur the voluntary schools in Manchester, w(‘ liave 
about 1,000 children who are ineutally unsound in the day-schools at one time. 
Since then I have worked in a similar manner througli all the voluntary schools 
in a large noii-School Board area with similar results. Wherever an attempt 
has been made to obtain correct statistics, these ligures are conlirmed. To con- 
clude. Prudence, economy, and humanity demand that we shall deal with this 
question rationally. It is possible at an early age to detect the unsound brain ; 
scientific morality demands that we shall take care that our weak-minded children 
are always protected, so as to render them harmless to themselves and Society. 

I shall ask you to dwell on these facts : — 

Our workhouses and lunatic asylums cannot provide for our derelict population. 

Lunacy and imbecility and pauperism are largely on the increase. 

Two per cent, at least of our school-going population are in some degree 
weak-minded — some more, some less. Pt'ebleness of mind is hereditaiy, with an 
increasing intensity. 

Almost all feeble-minded persons are at large during the most critical period 
of their lives, and most become parents. 

It would be easy to detain such persons if the detention were commenced in 
early youth, and they could be kept happy, harmless, and partially self-supporting 
for their whole lives. They would then be no danger to Society, and they would 
be far smaller expense than they are. 


4. jRe]X)rt on the Economic Effect of Legislation regulating Woniea^s 
Labour . — See Reports, p. 399. 
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Skction C.~ENGINEERING. 

PllESlDKXT OF THE SECTION— CoUoiel {{. K. CroMI'TON, M.Ill-t.C.E. 


THUJfSDAr, SJJrTJbAJBJni 12. 

Tlio ProsiihTit delivered Uk' tbllowing Address: — 

At this the first meetin*^ of the British Association of the new century I wish to lay 
l)eforo you some of the into resting; probhmis presented by recent developments in 
means of locomotion on land which demand the best thoug-hts, not only of our 
engineers, but of everyone interested in the improvement in means of travelling 
and in the more ra])id transit of goods. 

During the seventy years whicli have passed since the introduction of railways 
in almost every country passenger and goods ti*alHc has developed itself to such an 
extent that almost everyone is interested in thest*. questions; and of late years our 
attention has not been confined to raihvays only, but, owing to the invention of the 
cycle and motor-car, has also been directed to travel on our road-ways, which during 
the first fifty years of the railway era had somewhat fallen into disuse. I am not 
able, being limited to the length of this address, to deal with many of the interest- 
ing questions affecting our long-<li^tance railways other than by referring to the 
probable early introduction of railways of n new type intended to attain a speed of 
12 t) miles per hour and worked by electrical power. The railway race to Scotland 
of a few years back attracted the attention of the managers of American and 
( ’oiitinental railways to railway speed (juestions, and we have st'en during the last 
few years so great improvement in the speed of the trains and the comfort of the 
passengers in these countries that it appears that England has already bi‘en beaten 
111 the matter of extreme railway speed, although it is probable that our railways 
still provider a larger number j>f rapid trains than either the American, German, or 
French do. But whether it he in hhigland or in the countries I have mentioned, 
it appears that after all the speed limit of railways of the present system of 
construction is reached at about sixty-five or seventy miles per hour. Higher 
speed on level runs has undoubtedly been recorded, but it is not probable that 
anything greatly in excess of seventy miles per hour will be reached until our 
railway managers initiate an entirely new system of construction. The high-speed 
service that is now in contemplation, not only in England but in America and 
Germany, intends to attain speeds of over one hundred miles per hour by providing 
electrical means of haulage suilicient to propel light trains consisting of one, or, at 
the most, a few cars ; and in order to render this service successful to run these 
light trains at short intervals of time, so in effecting this high speed the railways 
will give a service which more nearly resembles the tramway service than our 
present system of heavy express trains at infrequent intervals. This high-speed 
service of light trains at frequent intervals is well suited to electrical liaulage, 
as it works generating machinery situated at fixed points to the best advantage 
and enables the best return to be obtained from the necessarily heavy capital cost 
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of copper in the conductors which transmit the energy along the length of tho 
line, as it is evident that if the speed be sufficient to ensure that each section 
of the line only carries one runninpf train, the costs of the conductors will be in 
proportion to the weight of that train. 

Great advantages have already been made in adapting electrical traction to 
long lengths of railways. The work already done by Brown Boveri, of Baden, in 
Switzerland, at first on the mountain railways and afterwards on the Burghdorf- 
Thun full-gauge line, the experimental work of Ganz & Co., of Buda-Pesth, and 
of Siemens & Ilalske at Charlottenburg, have already shown that the power 
problems are nearly all of them solved, so that we may feel confident that 
electrical engineers will very shortly surmount any power difficulties that still 
remain. But this high-speed railways problem at present presents certain unknown 
factors which can only be satisfactorily determined by the actual testing and 
working the lines when carrying passengers. I refer to those which deal with 
the increased oscillation, vibration, and noise to be expected from the extreme 
speeds. These matters must be met so as to give sufficient comfort and protection 
to the passengers, for if passengers are rendered uncomfortable by the extreme 
speed the service can never become popular, and on this last question depends the 
most important question of all, viz., the extent to which the travelling public are 
likely to make use of a high-speed railway service. In attempting to forecast this 
matter, although we meet many business men who think it would be an undoubted 
advantage if the journeys between important business centres occupied half the 
time they do at present, in the United Kingdom there are only a few journeys 
of sufficient length to make saving of time of great importance, but the case is far 
different in America and on the Continent, where the business centres are much 
further apart than they are here. I, as an English engineer, foresee that this 
topographical question will cause our English engineers to be at a disadvantnge 
as compared with American and Continental ones, for it appears likely that the 
number and mileage, of high-speed railways is liktdy to ho far greater in America 
and on the Continent* than in the United Kingdom. Before I entirely leave the 
subject of very high-speed railway8,a rather curious speculation presents itself to us: 
this is whether the need for rapid communication between town and town may not 
eventuallybesupplied by high-speed motor-cars on : I’.lv ; |wi:*'-«l for them. 

Mr.Wells in his interesting forecast in the* Review ' seems to think that 

the time is not far distant when all passenger traffic will be carried on special roads on 
motor-cars. That the advantages of carrying your family and loading up your belong- 
ings at your own door, in your own or a hired car, and transporting them without 
any change or handling of your baggage right up to the point where your journey 
ends, will be so great that even for comparative long journeys travellers will 
prefer it to the railway, and that our railways will eventually be relegated to carrying 
minerals and heavy goods. But, without going so far as Mr. Wells, it does seem 
probable that if only a few passengers require to travel between two business 
centres such as Manchester and Liverpool, and to occupy only half the time from 
door to door at present taken by the railway and the two terminal cab rides, it 
might be better to provide one of Mr. Wells’ improved roads on which private 
owners could run their own cars, paying toll for the road, and on which a public 
service of cars would provide for those wdio did not own cars themselves. 

. I now propose to deal at somewhat greater length with what 1 think is a most 
important problem in locomotion, viz., that caused by the congestion of street 
traffic in our towns and by the undoubted difficulties which exist in carrying our 
workers to and from their homes in the country to their places of employment in- 
cur towns. A large proportion of the workers who during the latter half of the- 
last century lived and worked in the country are now working in towns, although 
some of them still live outside in order to obtain the advantages of lower rents 
pd of a healthier life for their families, and this last class is likely to largely 
increase. Those who have been responsible fur the enlarging and improvements* 
of our towns have done so much to make town life preferable to country life that 
the country is gradually being depopulated. The results we see in the increasing 
difficulties which the town authorities find in dealing with the water and sewerage 
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questions, and in the increasing mass of vehicular street traffic, which makes some 
of our cities veritable pandemoniums. Luckily it seems that we are likely 
through the skill and energy of our engineers to meet these difficulties in more 
than one way. The cycle, which commenced as an amusement and went on as a 
fashionable craze, has now settled down into being the poor man’s horse. The 
number of our working population that use the cycle for going to and from their 
work is already very large and is steadily increasing, and their use of the roads 
must be considered. Then came the motor-car, developed in France to such an 
amazing extent, and which seems now likely to be developed to an equal extent in 
this country. After many years of objecting to the use of the overhead trolley 
system, our town authorities seem now to have determined that the only way of 
relieving street traffic is by an enormous development of electrical tramways, and 
on all sides we find the large towns rivalling one another in the extent of the 
tramway systems which they have either acquired or are laying down for them- 
selves. It seems opportune now to point out that a great deal of mischief may 
accrue by this indiscriminate use of tramways, and lor those who are considering 
these matters 1 bring forward a few facts which are worthy of notice. Of course, 
in new countries, or in new towns in old countries, where the roads are rough and 
bad, anything in the nature of a tramway using rails is an improvement on a road- 
way ; but when we are dealing with cities which already possess well laid out and 
well paved streets on which all kinds of wheel traffic can be carried on with a 
minimum of rolling resistance, it seems wrong from an engineering point of view 
to break up the surface of these streets for the purpose of laying tramways, and for 
the following important reasons : Traffic carried on a roadway by vehicles, whether 
horse-drawn or by cycle or motor-car, differs from traffic carried on rails chiefly in 
that the former vehicles possess an important power, viz., that of orertahhif/, which 
is not possessed by the latter, that is to say that vehicles on the plain road surface 
can overtake a stopping or a slower vehicle going in the same direction without 
interfering with other veliicles, whereas on rails the vehicles going one way must 
always remain in the same relation to one another, so that the speed of vehicles 
on rails must always be regulated by that of other vehicles going in the same 
direction. Street tramways, for instance, must stop to set down and take up 
passengers: this limits the speed average and the numbtT of vehicles per mile of 
track, for if there be not sufficient intervals bt'tween the vehicles they would have 
to stop and start nearly simultaneously. Thus the carrying capacity of the best 
modern electrical tramway is limiti'd by tliis want of overtaking power. I have 
made careful inquiry from those who have great experience in tramways not only 
in this country but in America and on the Continent, and I find that it Is generally 
admitted that the maximum carrying capacity of an electrical tramway in one 
direction is 4,0()0 passengers ptu’ hour carried past any given point. 1 find 
that a full-gauge suburban or metropolitan railway crowded to its fullest extent 
cannot carry more than 12, 000 passengers per hour. Now most of us liav^e often 
sfHsn large; crowds tak(*n away from a point of attraction by omnibuses and horse- 
drawn vehicles, and have noticed that the crowded omnibuses almost touch one 
another and yet can go at a fair rate of speed. In this case at eight miles per 
hour speed 14,000 passengers can be carried from a given point per hour. 

Up to the present a public motor-car service has not yet been installed of any 
magnitude to enable us to compare the carrying capacity of motor-cars with that 
of horse-drawn omnibuses, but ovviug to the reduced length of motor-cars com- 
pared with tliat of omnibuses, and on account of their greater speed and greater 
control, motor-cars can now be built to deal with great crowds at an even higher 
rate per hour than that noted above. It appears certain, therefore, that although 
the provision of electrical tramways is undoubtedly an economical means of carry- 
ing passengers, yet that tliese tramways cannot he laid in existing thoroughfares 
without considerably reducing the total road carrying capacity at times of heavy 
presv^ure of traffic, and as it appears likely that either for the daily transport of the 
workers to and from their homes to places of employment, or for taking great 
crowds out into the country for pleasure purposes, a motor-car service carried out 
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on well-iuado roads will compete favourably with, and in many ways may be prefer- 
able to, tramway service. 

It must be remembered that the laying* of tram rails not only blocks ordinary 
traffic, but in our most crowded streets it introduces dangers to all wheeled vehicles 
not on rails, motor-cars, and cyclists by the skidding of the wheels when they cross 
the line of rails, and these dangers are daily causing, and are htill likely to cause, 
very serious accidents. 

The increased road and street traffic and the development of new means of 
road locomotion have made imperative some modification <f our existing system of 
roadway administration. Cycles, motor-cars, electrical tramcars, have been in- 
vented and put on roads which are maintained and worked exactly as they were 
seventy years ago at the commencement of the railway era, when the population 
of the United Kingdom was half its present figure, and that of the large towns 
one-tenth of the present figure. Uuring the loO years previous to the railway era 
the ancient tracks were gradually improved into tolerably efficient roads for coach 
and wagon traffic, hut after the introduction of railways there was a complete 
cessation of improvement, as for fifty years after the railways started the old 
roads were equal to the farmers’ and local traffic which the railways left for them ; 
but for the last twenty years the roads near to the great towns have been inadequate, 
and now that the cyclist and motor-carist travel over the whole of the roads of the 
country the neglect of our ancient roadway system is very apparent. 

Although the urban populations have so greatly increased, the old coaching 
roads are still the only ones that exist ; no main roads parallel to the old ones or 
alternative to them have ever been made. Towms wdiich are now joined by rail- 
ways grew out of small rows of houses built facing the main road ; in fact in 
many cases the road made the town. During the early part of the railway era, 
when the roads were so little used from coaching falling into disuse, encroach- 
ments on the roadway took place in and near the towns, such roads being now 
actually narrower and less suitable for traffic than in the coaching days : so that 
these towns which owe their existence to these roadways now put every impediment 
and hindrance to their use by the travelling public. What is needed is that towns 
situated on our main through roads should provide alternative routes, so that 
through travellers could, if they desired, avoid the crowded streets of the town. 
One method of providing such relief roads would be by by-laws providing that all 
building estates should set aside land for main roads. Tlie building estates which 
are developed around our great towns never })rovide a road which can be used as a 
main line of thoroughfare, although by their very act of building additional houses 
they cause additional congestion to the main roads. They lay out their roads to 
obtain quiet for those who live on the estate, and take every possible means to 
prevent their estate roads from taking a share of the main thoroughfare trafiic. 

Parliament must take in hand an improved administration of our high- 
ways by a comprehensive scheme. Par too many ancient main lines of thorough- 
fare, already too narrow for the traffic which is on them, are being blocked 
by having tramways laid on them; these cause the de\elopment of building 
estates, which throw additional traffic on to these thoroughfares. Apart from the 
roads themselves, the complicated conditions of street and road trnllic demand 
careful regulation. Street traffic should be carried as far ns possible by lines of 
vehicles driven as nearly parallel to one another as possible. The rule of the 
road, as it is called, and which is embodied in an Act of Parliament, 5 and 6 of 
William IV., which is commonly called the Highways Act, says that every 
vehicle is to keep as close as possible to the h‘ft, or near side of the road, except 
when overtaking another vehicle going in the same direction, and then it is to 
keep to the oflf side of the overtaken vehicle as closely as possible. As a matter 
of fact, everybody knows that this rule is habitually neglected by drivers who, 
whenever they get a chance, drive down the centre of the road, so that others 
who overtake them dare not do so on the wrong or near side, but must pass out 
far to the otf side of the road, and consequently interfere with the traffic coming 
in the opposite direction. This neglect of the rule of the road causes a great 
waste of space immediately behind every vehicle, and is one of the chief causes 
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of tlio limited carrying capacity of the streets in cities where the police do not 
attend to this important matter. It can be remedied by the existing police 
regulations being adhered to and insisted on by fixed-point constables, or by 
constables moving about on motor-cars or bicycles. Slow moving and frequently 
stopping vehicles are another cause of congested traffic. A great deal might be 
lone by arranging that during certain hours much of the slower moving traffic is 
bunted into alternative routes, so as to be kept by itself. An increase in the speed 
)f the street traffic is desirable ; for the faster the vehicles travel the less the 
itreet is occupied by them. Motor-cars can safely travel at sixteen miles an hour, 
and, therefore, need only take half the time and occupy only half the street 
surface that an omnibus does when travelling at eight miles per hour. Such high 
speeds as these, which are desirable and x>orfectly safe for motor-cars, cannot, 
however, be obtained unless some regulations are made as to the use of the 
roadways by foot passengers. There is no rule of the road for foot passengers — 
they pass one another on the footpath, or vehicles in tlie roadway, just as they 
please. No driver of a vehicle in the road wlio sees a foot passenger stepping into 
the roadway can ever tell with certainty what bis movement.s will he. It will be 
no hardship to foot passengers to insist on their movements being regulated. 

Much has been recently said and written on the subject of motor-cars and 
motor-wagons. It is generally admitted that there will be considerable scope for 
engineering skill and capital in their improvement and construction. It is by no 
means an easy problem to put into the hands of the public such a complicated 
piece of mechanism as a self-propelled carriage which has in most cases to be 
managed and driven by men who have had no special mechanical training. Motor- 
cars to be universally successful must be made so as to reduce to a minimum the 
liability to break down : repairs must be limited to the replacement of worn or 
damaged parts by other parts, which must bo supplied by the manufacturers so 
that they can be readily put in by llio unskilled users. That this can he done is 
shown by the success and universal u.se of typewriters, sewing machines, and 
bicycles: all of these are rt‘ally complicated pieces of mechanism, but which are 
now in such general use and in everyone’s hands. In these cases, however, the 
organised manufacture of machines with thoroughly interchangeable parts, or com- 
ponents as it is the fashion to call them, has only been developed after the type of 
machine had settled down, and this up to the pre.^ent cannot b(‘ said of the motor- 
car or motor-wagon. Up to the present tlie development of these cars has gone 
on on several line.'^. Tlve development in France, which so far has led the world, 
has been princij)ally in the direction of the use of light motors driven by petrol 
spirit. Again to France we owe the Hash boiler of Serpollet, which assists the use 
of steam engines for this purpose. 

At first sight steam, with thc^ complications of boiler, engine, and condenser, 
does not appear likely to coni])ete favourably with the sim])ler spirit motor, but for 
heavier vehicles, vvhere steady heavy pulling power is of importance, up to the 
present no internal combustion motor Las competed witli it. The Americans, 
with their u.siial skill and power of rapidly organising a new manufacture, have 
already turned out a very large number of steam-driven motor-cars, which are .so 
largely in use in unskilled hands that it shows that they have already solved the 
problem to some extent. 

The directions in which the two classes of motors require further development 
are, for the internal combustion motors, the satisfactory and inodorous use of the 
heavier oils, and in this perhaps Herr Diesel may help us with his wonderfully 
('coiiomical motor improvements in the clutch mechanism, for with all in- 
ternal combustion engines up to the present it has been found impossible to start 
the motor when coupled to the driving-wheels of the car ; and in the case of the 
steam motor the simplification of the boiler, the boiler feed mechanism, the inodorous 
and noiseless burning of heavy oils as fuel, improved condtnsers, methods of 
lubricating the pistons and valves so as to avoid oil passing back to the boiler 
with the condensed water, and the rendering of all processes of boiler feed and fuel 
feed mechanism completely automatic so as not to require the attention of the 
driver. On points common to both classes, although much has been done, further 
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improvement is required in the methods of transmitting the power from the motof 
to the driving-wheels. In the case of the steam cars, where this has heen done 
by single reduction, using chain, pinion, and sprockets, very efficient and noiseless 
transmission has already been obtained, but up to the present in most of the internal 
combustion engines where more than two cylinders have to be employed, it has 
been found necessary to arrange the crank shaft of the motor at right angles to the 
axle of the driving-wheels, so that part of the transmission having to be through 
bevel gear, this part has up to the present always been noisy. In the providing 
of noiseless and efficient chain driving, the manufacturer of cars has gained 
greatly by the high degree of perfection to which these chains had already attained 
for bicycle work. 

The recent great road races which have taken place in France and elsewhere 
have shown that the motor-car can be driven safely at a very high speed, already 
reaching in some cases seventy miles an hour ; but to render this capacity for high 
speed useful, not only must special roads be provided on which these high-speed 
cars can travel without danger to others and with least slip and wear and tear of 
tyres, but a great deal requires to be done in the improvement of the pneumatic 
tyres, which at present get excessively hot, and therefore damaged by these high- 
speed runs. At these high speeds the mechanical work done on the material of 
which the outer covers of pneumatic tyres are composed is excessively high. It 
can probably be I’educed by increasing the diameter of tlu^ wheels, but, of course, 
at the cost of increased weight and, to some exUmt, of stability, for the side strains 
on the wheels of these cars when swinging round curves of sharp radius are very great. 

Another direction in which mechanical invention is required for the wheels 
of motor cars and wagons is a shoeing or protection of hard material of easily 
renewable character which can be firmly and safely attached to the outside of the 
tyre covers to take the wear and cutting action caused by the driving strain and 
by the action of the breaks on sudden 8top.s. 

The late R. \V, Thomson, of Edinburgh, made good progress some thirty years 
ago in providing ste^l shoeing for the solid rubber tyres h(‘ then used, and the 
problems of providing the same for pneumatic tyres ought to be no liarder than 
those he then successfully encountered. 

One of the topics which has been most strongly discussed during the last year 
has been the position which this country holds ndatively to other countries as 
regards its commercial Mi])r(*ma< y in engineering matters. A few years back we 
were undoubtedly ahead of the world in most branches of mechanical engineering, 
but owing to the huge development of mechanical engineering in America and 
Germany, we are certainly being run very hard by tliese countries, and every one 
is looking for means to help us to r(‘gain our old position. In endeavouring 
to learn from America we see that, although the workmen in that country 
receive higher wages than they do here, and although the cost of some of the 
materials is higher than it is here, tlieir manufacturers manage to deliver engines, 
tools, and machinery of all classes of excellent quality at a price which appears to 
our manufacturers to he marvellously low. When we look into the matter we find 
that the chief difference between the manufacturer of America and the manu- 
facturer at home is that, whether it be steam-engines, tools, agricultural machinery, 
or electrical machinery, the American invariably manufactures goods in large 
quantities to standard patterns, whereas we rarely do so here, at any rate to the 
same extent. Where we turn out articles by the dozen the American turns them 
out by the hundred. This difference in the extent to which an article is reduplicated 
is caused by the Americans having realised to a far greater extent than we liave 
the advantage of standardisation of types of machinery. They have felt this so 
strongly that we find in America that work is far more specialised than it is here, 
so that a manufacturer as a rule provides himself with a complete outfit of machi- 
nery to turn out large numbi^rs of one article. He lavishes his expenditure on 
special machinery to produce every part sufficiently accurate to dimension to secure 
thorough interchangeability ; consequently the cost of erecting or assembling the 
parts is far less than it is here. One reason why the American manufacturer has 
been able to impose on his purchasing public his own standard types, whereas we 
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have not been able to do so, is that very rarely in America does a consulting 
eu^neer come between the manufacturer and the user, whereas here it is the 
faahion for the majority of purchasers of machinery to engage a consulting 
engineer to specify and inspect any machinery of importance. 13y this I do not 
impute any blame to our consulting engineer ; he considers the requirements of 
his client, and insists that they are to be adhered to as closely as possible ; to him 
the facility of the production of articles in large quantities is of no moment. In 
America it seems to be understood by the purchaser that it is a distinct advantage 
to everyone concerned, both manufacturer and purchaser, that the purchaser 
should to some extent give way and modify his rex|iiirements so as to conform 
with the standard patterns turned out by the manufacturer. Although manu- 
facturers all hope for this simplilicatiou of patterns, yet, for the reasons I have 
given, it will be some time before their hope is realised. But on other matters it 
is quite possible for manufacturers to combine, so as to obtain some standardisa- 
tion of parts which they manufacture which will reduce costs aud be of advantage 
to everyone concenied. Many years ago Sir Joseph Whitworth impressed on the 
world the import auc" in mecbaniral on,:iu- ' ri!'.g of extreme accuracy, and of secur- 
ing the accurate n: and i nduiUL'eabihiy -if parts by standard gauges. But iu spite 
of his idea being so widely known and taught, how seldom it has been acted upon 
to the extent that it should be. We pride ourselves on having all our screws made 
of Whitworth standard, and yet how many of the standard bolts and nuts 
made by diflerent makers tit one another 'i 1 myself have sat on a committee 
of this Association which was called together twenty years ago, with Sir Joseph 
Whitworth as a member of it, to lix on a screw gauge which would be a satisfactory 
continuation of the Whitworth screw gauge down to the smallest size of screw 
UvSed by watchmakers.^ It lias taken all these years to carry out the logical outcome 
of Sir Joseph Whitworths original idea, viz., the providing of standards to be 
deposited iu care of a public authority to act as standard gauges of references. 
The complete interchangeability ot parts which I have above referred to, and 
which is 80 desirable iu modern machinery, can, of course, be obtained within the 
limits of one works by that works providing and maintaining its own standards to 
a sutlicient degree of accuracy. But if the articles be such as watches or bicycles, 
motor-cars, &c., it is very desirable that all parts liable to require replace- 
ment Hliould bo made by all manufacturers to one standaRl of size, and in 
order that the gauges required for this purpose should all be exact copies 
t)f one another it is necessary that they should be referable to gauges 
deposited either with the Board of Trade or with some body specially litted to 
verify them and maintain their accuracy. 

Up to the present the Board of Trade lias dealt with the simple standards 
of weight, capacity, and length, but in other countries National J^tandardisiiig 
Uaboratories liave been provide*!, viz., by the CJermans at tlieir IJeichsanstalt 
at Cdiarlottenburg, and with the hapjuest results; here at Inst, through the 
exertion of the Uonncil of the Iloyal Society, our Government has been moved to 
give a grant in aid and to co-operate with the Boynl Society to establish a National 
Physical I^aborntory for this country. About ten years ago Dr. Oliver Lodge gave 
the outlines of a scheme of work for such an institution. Later Sir Douglaa 
Galton, in his Presidential Address to this Association, called attention to the 
good work dont‘ by the Germans and llie crying need that existed for such an 
institution in this country. The matter has since ])rogressod. A laboratory is 
already in existence, and will soon be at work, at Busby House, Teddiugton : it 
is a large residence, which was once occupied by the late Duke of Clarence and 
afterwards by tlie Due de Nemours. It will make an admirable laboratory, as it 
has large and lofty rooms and a vaulted basement in which work can be carried on 
where it is important to secure the observer against changes of temperature. 

The aims of a National Physical Laboratory have been well put forward by 
Dr. Glazebrook in a recent lecture at the Uoyal Institution, in which he points oiit 
how little science has up to the present come to be regarded as a commercial factor 

' A report of this Committee will come before you during this meeting. 
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in our commercial world. The position of manufacturers of all classes must be 
helped and improved by a well-considered series of investigations on the properties 
of materials, measurements of forces, and by the careful standardisation of and 
gv.i ril in uMrertificates to measuring apparatus of all classes. Until the question is 
llu ed and studied, few manufacturers realise how helpless individual ollbrt 
or individual investigations must be when compared with comprehensive and con- 
tinuous investigations which can be carried on by a National Jiahoratory so as to 
deal with the whole of each subject completely and exhaustively, instead of each 
investigation being limited by the temporary need of each mannl’actiirer or user. 

As an example Dr. (tlazebrook showed how much has been done at Jena and 
afterwards at the lleichsanstalt in the development of the manufacture of glass used 
in all classes of scientific apparatus. The German glass trade has benefited 
enormously from these investigations. The microsco])ic examination of metals, 
which was begun by Sorhy in 1804, has been much worked at by individual investi- 
gators in this country, but its further development, which is probably of enormous 
importance to arts and manufactures, is clearly the duty of a National Laboratory. 
We owe much to the investigations of the Alloys Kesearch Committee of the 
Institution of Mechanical Engineers ; but, again, this is work for the National 
Laboratory. As regards the measurement of physical forces how little is accu- 
rately known of the laws governing air resistance and wind-pressures, and the 
means of measuring them. Who can formulate with any certainty a law for the 
air resistances likely to he met with at speeds in excess of eighty miles an hour, 
the importance of which 1 have already noticed? 

I have already alluded to the verification, care, and maintenance of ordinary 
standard gauges of accuracy. In thif> electrical age the accuracy of electric standards 
is of supreme importance. 

These are only a few of the directions in which we can foresee that the establish- 
ment of a National Physical Lalx)ratory will be of the greatest use and assistance 
to our country in enabling it to hold its own in scientific and engineering 
matters with its energetic rivals. The work has been commenced on a small scale, 
but it is to be hoped that its usefulness will become at onc(‘ so e\ ident and appre- 
ciated that it will soon be developed so as to be worthy of our country. 


The following Papers were read : — 

1, Tko Mechanic(fJ E.Tt:hibils in iJu^ (thisyoiv KxJtibiiion. 
liy D. H. Morton. 


2. Long coni'invous burning Petrolt'ani for Jiuoys and Jlcacons. 

By John R. Wkiiiam. 


3. New Scintillating Lighthouse Light, By JoilM li. WluHAM. 


4. A Ibmrding Manometer for High- pressure Explosions, 

By J. E. PfSTAVKL. 

In this instrument the sx>ring of the ordinary indicator is rf’placed by a metal 
cylinder. The travel of the piston is tlierefore limited to the amount allowed by 
the elastic compression of tlio metal (about one thousandth of an inch in the case 
of tlie jnesent records). 

The diagrams exhibited an* typical of th(‘ re.sults obtained: they both r(‘foi* 
to a mixture of air and gas in the ratio of 6*4 to 1 fired at an initial pressure of 
about 1,190 lb. per sq. inch. In the second figure* the .s^ieed of th<^ chronograph 
has been greatly i*educed so us to obtain a clear recoixl of the rate of cooling. 
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FnjDAY, SFPTminEn i:»>. 

Tlu* following’ ll(‘|)ort and Papers wen* read : -- 

1. llrport on the Renistame of Road Vrdiieles to Traction. 
Bee Reports, p. 402. 


2. Railway Rolling Stock, Present and Fulare. 

By Norman D. Macdonald, Advocate. 

In this paper the discussion is confined to rolling stock as used, and as likely 
to be used, in Great llritain, only touching upon the progress in other countries 
so far as it can be used to illustrate or provide hints for our future. Nor does 
it dwell on the present state of the art except so far as to show the future 
tendency. An attempt is made to raise* points for thought and discussion rather 
than to give a lecture on the subject or to lay down laws and ]>rinciples. 

First, locomotives are treated on, and tliest* under the various heads of 
shunting, mineral, goods, suburban, and express. Suggestions are made as to the 
best types for each in future, and the class of demands they will have to answer to. 
The question of compound versus simple is looked at, and also the matters of steam 
pressures, types of boilers, compensating levers (with special reference to the 
method in use on the New York ( Antral and Hudson Uiver Railroad for throwing 
extra weight on tlie drivers), water tube.s, ariangenieiits of tire-boxes, and all the 
details necessary to produce an etlicient and i)owt*rful machine on our confined 
gauge. The various points observed at the Paris Exhibition for getting more 
power are touched upon. Also the modifications of de.sign8 necessary to obtaining 
a clear view ahead when a liuge boiler is used. Reference is made to the use of 
auxiliary electric locomotives on grades. The various types, ‘ four-coupled,’ ‘ ten- 
wheeledV and * Atlantic’ for expn'ss locomotives are discussed. But in the whole 
pupeu* no attem[)t is made to be technii-al or to descend to mere details. Loco- 
motive t(‘ndeis are bri(*tly touclu'd on with rofertmee to track-tanks and their uses. 

Next, passenger coaches are dealt with, including all questions of couplers, 
brakes, heating, and ventilation. The various types of trains and coaches— suburban, 
ordinary local, and <?xpresH : sleeping cars (first and third), dining cars, buffet cai*s, 
kthdum cars, and a new tyt^v* for siihurl>an trains, witli references to I’nited States, 
Russian, and (^)ntinental practice and ]U’«\trre.<.'^ are fully discussed. The coming 
competition of electric trams and motor-c'ars for suburban tralHc compels the con- 
sideration of new typ(*s of rolling stock for competitive ]>ur])oses. High-speed 
brakes for special stock are touched on. 

Ijastly, goodN and mineral xvaggons claim at tent ion, and in regard to these, 
economical transport in larger units, couplers, continuous brakes, and all the 
various questions of quick liaiidling and quick transport are looked at. A cross 
between United Slates and British practice is advocated, and the examples of such 
from the colouics ar<.‘ adduced in illustration. 


‘I 77/e Panrnna CannL By P. Bdnad Vahilla. 


4. On a Leaf arrestor, or Apparatus for remorijig Leaves, dr., from a 
lYater Supply. By The Karl of Rossk. 

Having recently erected a turbine of lo h.p., with 8*foot fall, for working an 
electric light installation at Birr Castle, I found, as I had anticipated, considerable 
trouble tlirougli loaves, kc., choking the. 8cre«*n in tfie water supply, so much so 
that during the fall of the leaf last autumn the output was generally reduced to 
one half in the course of half or three-quarters of an hour’s working unattended, 
notwithstanding that the area of the screen was nearly a hundred square feet. 
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Accordingly an apparatus was devised for remedying the evil. It was so 
successful that the turbine would go for a whole day without attention and 
without diminution of output from the above cause. 

The apparatus consists of a cylinder of wire gauze, of 4 feet diameter and 
feet height, set in an opening in a vertical diaphragm extending across the 
supply drain and revolving twice in a minute or so round a vertical axis. The 
current flows through the gauze cylinder in a horizontal direction. The leaves, 
carried down with the current, attach themselves under pressure of the stream, 
are carried round till they reach the diaphragm, which on that side is double, 
with an intervening space of some ten inches, which is connected with the tail- 
race ; and at this point, the current through the gauze being reversed, the leaves 
are detached and are carried by a portion of the water Awards the tail-race. 
Four or five per cent, of the supply is ample for conveying the leaves ; probably 
much less would suflice. A very few leaves get past and on to the screen, but so 
few that they give no trouble. 

The apparatus has also been constructed of the disc form, and also as a 
cylinder on a vertical axis, the water entering all round, except along one vertical 
section connected with the tail-race as before, and bearing vertically downwards 
round the axis ; but only as working models, and on this scale they are even more 
eflectiial in their action. JUit there seemed no surtieient reason for modifying the 
full-sized apparatus, which has now been in action for nearly a year, and has given 
complete satisfaction. 


SATURTJAY, SEPTEMBER 14. 
TIi*‘ 8(‘etion did not meet. 


MONDAY, SEPTEMBER U, 

The following Papers wt're read : — 

1 . Thf Protection of Buildings from Lightning. 

By Killingworth Hedges, ALhist.C.E., M.LE.E. 

The last time this subject was brought before this Association was at the Bath 
meeting in 1888, when a joint discussion of Sections A and O was lield; but there 
has been no official report as to the effect of liplitning .stroke upon buildings 
protected by conductors since the Lightninj? Rod ('onfiTenci* of 1882. Interest in 
the subject has been again revived, first, by the Klectro-Teehnische Verein of 
Berlin, who have this year published a set of rules ; and secondly, by the 
establishment in this country of the Lightning Research (hnnmittee, organised 
jointly by the Royal Institute of Briti.sh Architects and the Surveyors’ Institute. 

The author compares (Continental and American practice, and give.s an account 
of his rearrangement of the system used at St. Paul’s Cathedral, where the 
conductors, erected as recently as 1872, were found to be totally inefficient, both os 
regards the conductivity of the joints and the resistance of the earth coniuMjtions. 
In the plan recommended, both for this installation aud for the more recent one at 
Westminster Abbey, the number of ordinary conductors from air to earth has 
been greatly increa^, and, besides these, horizontal cables are run on the ridges 
of the roofs and in other prominent positions so as to encircle the building, being 
interconnected to the vertical conductors wherever they cross one another. The 
horizontal cables are furnished at intervals with aigrettes, or spikes, which are 
invisible from the ground level, and are designed to give many points of 
discharge, At the same time they, in conjunction with the cables, would feceira 
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any aide Rash which might occur should any portion of the building receive a 
direct stroke of lightning. 

The unreliability of soldered joints for conductors, whether of cable or tape, 
has led the author to design a special joint box, which can be applied for uniting 
any portion of the system together in such a manner as to give great mechanical 
strength as well as good electrical contact ; at the same time any box can have 
points inserted so as to form an aigrette in any desired position. 

Owing to the ditliculty of sinking an earth plate of sufficient area, on account 
of old foundations, a special form of tubular earth has been designed which takes 
up little space and has the advantage that if a suitable moist ground is not 
obtainable the desired low electrical resistance is attained by leading a tube in 
connection with the rain-water pipes, so that a portion of the rainfall is diverted 
to the tubular earth. 

The author alludes to the immense amount of damage to property annually 
occurring which might bo prevented if eflicient conductors were installed. He 
mentions that instead of every church having its V.-- '■*. ■ ■ ■ inctor not ten 
per cent, are so provided; and in the case of other .i':, i. the percentage 

IS not much larger, the reas(ju in the case of the former class of buildings being 
tliat a vicar wishing to safeguard his church has usually to pay the cost out of 
his own pocket. 

Architects, as a rule, treat the question of lightning conductors in a very brief 
manner, and in their specifications seldom say anything as to the way in which 
they are to be run, or the necessity for good joints and good earth connections. 


2. Th(i Commercial Imjiortance of Ahnnininm. 

Jhj Professor Ernkst AVilson, }f.LE,E. 

During the last ten M*urs enormous pi'ogress has lieen inadt‘ in the production 
of aluminium, hi IIKIO no les.s than 5,000 tons were ])roduced by plants having 
25,000 horse. power, representing a capital of 2,000.000/. All aluininimn may be 
said to be pro<luc(Ml by the electrolytic method, which was patented by Hall in 
America and llurnuU. in England and Franci* in 18S0- 1^87. After giving a short 
refume of ilut progress in manufa<‘ture, and ii description «>f tlu‘ electrolytic cell, 
tin* niillior discussed the properties of tin* metal. From evpenineuts made at 
King’s Follege, London, it ap]H*urs that aluminium contaimng %‘{1 ]a‘r cent. Fi* 
and *14 per cent. Si has a speoitic re.^istaiiee of 2*70 x 10 ’’ ohnir> at 15° whieli 
shows that its <*onductivit\ iilHHit 01*5 iw cent, that of copper, taking 
MattliiessenV standard. In the f(»rm of wire •12(> in. diameter tin* hn.‘aking load 
is 12’G ton.s ]M‘r square inch, tin* limit of elasticity 8’(>5 tons pt‘r square incli, and 
percentage extension within the limit of ehosticity *10, with an applied force of 
7*2 tons p«’r square inch. Some copper and nickel copper alloys give 20 tons per 
square inch, 10 tons limit of (‘lasticity, *10 per cent, extension within the limits of 
<dasticity under an applied force of 7*2 tons ]ier scpuire inch, with a conductivity 
52 per cent, of that of copper. Tin* Standar<l }‘>lectric Company of California in 
their 40 miles transmission line are slated to us*' aluminium iiaving 101 tons per 
square inch breaking load, and a conductivity 50’9 pi r <‘eut. of copper. 

The wf'iglit of a given volume of n metal may govern its tinancial value. 
Since copper is 0*t37 times as ht*avv as aluminium it follows that, volume for 
volume, aluminium at 130/. per ton is cheaper than copjier at 70/. per ton. 

For equal conductivity the relativt* weights would be 1 of copper to J of 
aluminium, and the diameter of the ahiraiiiium wire would l>e 127 time that of 
the copper. 

Pealing with wind pressure the author stated that the total tensile strength 
of an aluminium wire of the same conductivity as copper may be fpreater than 
that of the cop|)er, and this may compt‘nsnte for increase in the suidace e.xpoeed 
to wind, snow, &c. 

A short description of some long-distance transmission lines was given, show- 
ing that aluminium is being installed with success. It was stated that joints 
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which are mechanical in the above cases^ can be made with success. Tt was 
pointed out that aluminium can be welded and soldered. The meltin^^ and 
casting, rolling and forging, hardtming and annealing, of aluminium were next 
dealt with. 

Probably the wid(‘st field is still in the purification of iron and steel. At high 
temperatures the metal decompo3t‘S nearly all nnUallic oxides, and prevt'uts blow- 
holes by combining with the gases which form the holes. 

The author referred to the use of aluminium when alloyed with copper for the 
production of aluminium bronzes. The breaking load varies from 4i to .39 tons 
per square inch in the case of alloys containing 8 to 12 per cent, aluminium. It 
has a golden appearance, and is suitable for hydraulic work on account of its non- 
corrodible properties. 

3. Rece.nt Observations on Bridges in Western China. 

By R. Lockhart Jack, B.E. 

During 1900, while travelling in the AV<*st of C’hina, in Szechuan and Viinnan, 
I was struck by the variety of Chinese bridges, ranging as tliey do from pontoon^ 
and even large baskets of shingle supporting a temi)orary decking, to stone and 
iron bridges of large span. 

On the headwaters of the Min, Fou, and ^lekong rivers the single rope bri(lg«^ 
is used, on wbicli the traveller, by the aid of a runner to wliich he is fastened, 
crosses from one bank to the other. The rope is of plaited bamboo, from two to 
three inches in diam(*ter, while the runner employed is a half cylinder of hard 
wood ten inclu'S long. 

The bamboo is also much employed for suspension bridges, a very good example 
of which is to be found at Shib Uhuen. It is composed of sixtt'eu hawsers, eacli 
from 7 to 8 indies in diameter, tightened by capstans, and is 240 feet long by ten 
wide. The decking, of wicker work, is laid upon fourteen of th(‘se lmws(*rs, the 
other two acting as guard rails. The bridges are entirely renewed at intervals of 
one to tliree years. 

In other districts suspension bridges are built of wrought iron, cliains or bars, 
the decking following the curvature of the chains, which, however, is very slight, 
that of the Yangtse near Ijikiang being less than 20 feet on a span of 320. I’his 
bridge, the largest single span we saw, is built up of eigiiteen chains, the links of 
which were 11 inches long of inch bar iron. The chains are anchored to 
castings bedded in the masonry abutments, and are tightened by dri\ing wedges 
between the links. This type of bridge is said to have been in existence at about 
the beginning of the Christian era, and possibly much earlier. 

Cantilevers and trestle bridges are used when^ timber is plentiful, the latter 
l3eing generally covered with a tiled roof and lined at the sides wuth stalls. The 
timber is mostly soft wood, but they last very well owing to the protection 
afforded by the roof. 

The greatest triumphs of the (Hiinese, how^ever, are their masonry bridges, 
which are exceedingly numerous in the wealthier districts of Szechuan. Broadly, 
they’ are of two kinds: those in which slabs of stone are used as girders, and those 
which embody the principle of the arch. A good example of the former was being 
erected at Chiung CIiow, bO miles S.W. of Chengtu, and consisted of a bridge 
nearly 700 feet long by 15 wide, formed of stone slabs laid on edge, and carried 
on thirty-three tiers, each 40 feet by 4. The whole of the stone used was a red 
sandstone cut into blocks. 

Of the arch bridges the largest is at Ning Shib, also of sandstone, where a 
bridge about 600 feet lon^ (including masonry approaches) is carried across a 
tributary of the Yangtse Kiang on three spans of over JOO feet each. 

One-arch bridges with the roadway rising to the centre by steps are very 
common over small streams, and bridges of twelve to eighteen arches are occa- 
sionally met with. 

There is reason to believe that the Chinese used such bridges as have been 
described at a very early period, and it would be of interest to make a study of 
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their works, and so sen if tliey are built in accordance with some definite rule or 
tbrinula, or if tliey have learned by long experience what is safe for each type 
and each material. 


4. On Recording Soundings by Photography, By 3, Dillon. 


5. On the Si:ie of Waves ns observed at Sea. 

By Vaucjfian Cornish, D,Se, 

Tlu* Height uf /17/yM.— Th<* lieight of tho oeoiiu waves in d^op water from 
land has boon determined with fairly concordant roults bv independent observers. 
The values recorded aro the average of tin* heights of a number of successive 
Avave< : 


Heights in Feet. 


- 



i Pari i 

Wilfiou-Barker 

Mean 

Hurricunc 


1 

; 26-4:i 

2S 

27-22 

Strong j-ak; 

, , . 

LWJI 

; 10 57 

22 ; 

2()-07 

Gale . 


1 1.V42 

j ■“ 

1 14 

11-71 

Strung breeze . 

• • 1 

lo-fta 


8 

9‘415 


Tlie«je values are only about ono-lialf of the 40 or 60 feet wliicli experienced 
sennien frequently stat«* to Im» ‘ the size of tlie waves ‘ met with in strong gah's in 
tile open oeeau. 'file author hah obser\e<l during gahw in the Nortli Atlantic 
tliat wa\es <»f a larger size recurred at short int'Tvals, and that it was these 
which rivefiMi the attention ainl which wen* dangt‘rous. Ih* thinks that it is tli<‘ 
averaufo size <if the.M» ‘ ordinary maximum * wavt's which i^ commonly estimate<l 
by heaineii as 40 to 60 feet, and he suggeM'i that it is d(''5ira)>h‘ to record in 
future, not only the general average heiglit, but also th • height of the ‘ordinary 
maximum’ waves, 'fhis practice wouhl do away with much of the apparent 
discrepancy between the accoinits of the sizi* of waves at spa, and would also give 
some notion of tlu' siiiiultuiieoU'* dillerenccs of roughness at difienuit pointh, which 
ih an important a»-pect of a sea-way. 

The Length of Jrnre<. — 'J'ho highe>t waves in deep watiT are recorded during 
storms, but the longest are the swells encountered in a calmer at inosphen*. At 
at*a, where tlie ship rises and falls, and there is no tixed object to jinuude a datum 
line, ci'e‘4ts and troughs are judged less hy actual elevation than hy convexity or 
concavity of the water’s surface. When the profile.'^ t)f two waves of nearly equal 
amplitude but of very diflenuit wave-length are ciunbincd, the roMilting wavy 
lino ]>resenls a series of inequalities the wa^o-leiigth of which is fairly regular, 
and equal, on an average, to that of the shorter component. AVhen, howe\er, tht* 
tw(» coinhining waves, of very dilVerent wa\ e-length, arc of equal s/cc/mcs.N\ the 
combination appears as a series of ineqiialilii s wliicli, although displaying minor 
sinuosities of outline, have unmistakably the wave-length of the longer com- 
ponent. T’heir average amplitude is also equal to that of the longer component. 
4’hi.s indicates {n) that a swell, even of groat amplitude, is not. directly measure- 
ahle in a storm ; {b) that a great swell scarcely affects the recorded average height 
and hmgth of the shorter storm-waves, but that it can cause irregularity of the 
kind nd’erred to in the last section ; and {e) that the appearance of the water may 
change somewhat suddenly from that of an irregular short sea to that of au 
irregular long swell, the longer component being row what the author terms 'the 
dominant wave.’ This change of appearance is not, however, accompanied hy any 
acceleration of the processes going on in the wave-water. 
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TUESDAY, SEPTEAfDEE 17. 

The following Ileport and Tapers were read : — 

1. lie}}oH on thi Small Screw i/autjc , — See Reports, p. 107. 


2. A Poi^table folditig kanfjc-FUule}\Jor Use with Injantry, 
By G. Toubes, FM,S. 


3. Machinery for Enyraciny, By Mark Darr. 


1. Recent Dcveloi}mt2nts of Chain Dnviny. By C. R. GAiiitAuu. 


5. Measnrcmcnf of the Hardness of Male rials Uy Indentation hy a 
Steel Sphere, By T. A. IIearsox. 


6. On the Critical Poini in Rolled Stc^'f Joists, By E. J. Edwards. 

In sulecliug rolled steel for floors there an‘ f.wf>olemenls which del eruuLe 
the secliou to bo used with a gi\en load per Mjuare fool of lloor art‘a. 

Tirst, the ativss per square incli ])ioduced hy the loud. 

tSecoiid, the detlection produced by tlu* same load. 

At lirst, particularly with smull span.s, it u the stress p< r square ineli which is 
the governing element : thU stro.'is must not exceed safe uorKing liiniK. Vs the 
tloor span is increased the detlection becomes the ruling element, lli»‘ ‘'ln‘ss i>er 
H|uare inch falling into the background. 

The deflection mu.st not be sufficient l'» crack thi' ceding where tiiere is one, 
nor sufficient to be un.sightJy where there is iioms 

In the diagrams exhibited two ciir\e^ a»*e shown, one in black and the other in 
red. The former is the curve of a given maximum .'•trc'j.'s, and shows the loads a 
steel joist will carry for various spans. The red curve irives the load.s which pro- 
duces a deffection w'hicli is a constant given fraction of the span, vi/.., jt,,. 

The curves cross each otlier, and the ]»oint of crossing ihe author calls tin* 
critical point. At thi.s point tlie distributed load ])rodures the given stress ana 
given detlection. Before the critical ])oiut is reached the loa<l produces the specified 
stress, but is insufficient to produce the limiting deffection ; alter the critical point 
is passed the distributed load ]iroduceb the K})ecitjefi detlection, hut iiisufficieLit 
to produce the specified stress ; in other words, the limit of »leffeetion is reached 
before the limit of stress. Ivxamplcs are given of various sizes of steel joi.'^ts with 
the limiting stresso.s and deflections. 

Generalising, up to the critical point the stree.s curve is the more important; 
beyond this the deflection curve is more important. Tin* two important parts of 
t.he curves taken together are called the curve of loads, which is a curve with a 
kink in it. 

1 r 

The first part of curve ia drawn from the formula W - and the second 

* «L<f 

part from the formula \V«™. Explanations showing how the equations are 

arrived at are given in the paper. 

With a factor of safety of H and a breaking stress of ’&J tons per square inch, 
and a deflection of span, the Orititnthpmnt span of twenty-seven times 
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the depth. For this particular deflection il is shown that the factor of safety 
multiplied by 0 jjives the critical point. 

If llie defloclion in percentages of the span jire calculated a series of curves of 
deflection can be plotted. At 1 ton per square inch and 1 per cent, of deflection 
the, critical ])oint is 57(5, the depth at 2 p(‘r cent, of deiloclion, the critical point is 
2^58 times the depth, or J) o2. As at J ton iier square inch, 32 is the factor 
of safety. 

The values are tabulati'd and shown jrrajdiically by tliairrams. 

Ifeturning’ to the special object of th«‘ paper, the selecting of rolled .st‘»el joists 
for tireproof floors, the princi])al step is to dcteriniini the pitch or spacing apart 
of the joists. 

These pitclies are tabulated for various .'-ections of joi.Hts for the loads of 
1 cwt. niid I { cwt. per square foot of floor. A formula is deduced foi‘ a loading 

of 1 cwt. iier square foot: and for any other loading where .i’ 

is the cwts. of load per squan* foot,y) -pit^h in feet, L~.span in feel, and W-^ dis- 
tributed load in tons, the rolled ste*‘l joUl will carry safely. 

A linal result is that the pitch varies inversely as the square of the span when 
the stress per square inch is considered, z>., up to the critical point, and varies 
inversely us the cube of the span when the deflection is considered or beyond the 
critical point. 


7. On AtHrnaiin^f xiir Cuiveiifs in Ckurchf^ and Jt*nblic Buildinas. 

Hy J. W. Thomas, F.C.S, 

When the temperature of the air outside is 35' F. or the exit space for 
foul air in a great number of eliurciu*^ and ]>uhlic huildingt is too large to keep 
hack the e\tra pre-^uvo out'»idt‘, ami cold air eiiltu*'' the lt)]> uf the building at the 
points of leu''! frictifui and re.-istaiic** tlie large openings ireiierally. In high 
iiuildmgs tin* <‘ol<l air ciiiTeiit'^, <»r down-draughts, are followed i>y hot and 
oppres-iNe ^^a^e^ <»f air, after wlueh tlic air beeom‘> motionless and stagnant for 

some MTonds. 

Some years ago the author e\qH.*rimented in a large public hall, and found tliat 
these hnl and cold exp« ri<*iice*' wt rv due to alteriiatiug air currents in the budding. 
Taking the point of the Ira^t intermil ])re>Mire as the lu*'*! observation, it took 
about iuilf a iniiuite to reach the |M)mt f»f highest internal presMuv. and riither less 
than luilf u miiiulti after\^^^r(U to r»’ach the ptuiit of lea^t prt sjsure again. The 
livsl li\e seconds after the hsast internal pressure was reaelu d there ^\a^ a gradiuil 
rise, followed by double sueh an interval of more rapid iucreas • : then there were 
a few '-ecoiuF of le-^^er iiici\'u>«‘. followeil li\ a leiigt luMied ]it'riu(l. during which 
the ])ressure-recordiug instruim nt remained almost steady. When the reduction 
uf internal pres*-ure h^gaii much cold air still <le.«4M'n(Ied, and there were ten or 
more seconds during which (he reiluctioii was gradual : then, for about half that 
]»eriod, a very ni]iid <h*crease oicuired, Idllowed h\ "ever.il secoiuls when the 
instrument was sleadv and almoM stationurv at the point of lea?t pressure. 

The strangest fai*l in tlie results ohtaine<l was that, owing to the elasticity of 
the air, its density (32 ’ F. outside^, and I lie vclocii v ol)lauied by fulling about 
<)0 feet, the ]ires.sure uicrt‘ased internally until u uvtnalhf r.ictrdni the pn^-mre 
otfts'dr lor a few aecomls, then d‘*creiisi*d and increased alteniut**ly. 

Since tin'll experiments in higdi chiirclu" and buildings have given similar 
resiiUs. All anemometer held in a narniw opening in a <loorway leading to a 
church turned rapidly inwards, indicating an uji-curront ; tln*a it stopped and 
subsequently reversed, showing that the pressure in the hiiilding was acting 
out wards. 

Air inlets to hot-water pipes under the floor of a building are influenced by 
nlfernuting air currents at their highest pres&ure, and w'hon the period of greatest 
upward movement occurs, such a deluge of cold air pas^ts iiiwimlc that the iulets 
have, to bo fhut. 

' Altercatuig air currents, therefore, greatly impair the ventilation of building*. 

3 E 2 
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Section H.— ANTHROPOLOGY. 

Pkesidbnt or the Section — Professor D. J. Cunningham, M.D., D.Sc., 
LL.D., D.C.L., F.R.S. 


THURSDAY, SEPTEMBER 12. 

The President delivered the following Address : — 

Twenty-five years have passed since the British Association met in Glasgow. 
This is a long time to look back upon, and yet the period appears short when 
measured by the great advance which has taken place in almost all branches of 
knowledge. Anthropology has shared in the general progre^^s. The discoveries 
made within its confines may not have been so startling, nor yet ha\e had such a 
direct iiitliience upon the material welfare of the people, ns in the case of other 
fields of scientific study, hut its development has been Nteady and conlinuoi*«, and 
it lias grown much in public estimation. 

At the Glasgow Meeting of the Association in 1^70 Anthropology held a 
subsidiary position. It only ranked a.s a I)epartm»*nt, altiuuigh it g.iiiu‘(l a special 
prominence through having Alfred Russel Wallace its (Chairman. It wn^* not 
until several year.'J later that it became one of the recogniH-d Seel ions of the 
Association, and attained the liiirh dignitv of ha\ing a letter of the alnbala*! allotted 
to it. But (][uite in(le])endeiitly of its otiioial status it h:i'* alwius bis*n a hranch 
of study which has been .accorded a large amount ot popular fa\ our. The aut hropo- 
logical "meetings have, as a rule, been well attended, atid the tliscu'^.sioiis, although 
perhaps on certain occasions somewhat discur.«‘ivejiu\ o ne\ er lacked \ igour or anima* 
tion. Profe^J-sor Ilu.xhw, who presided over the Antliropologieal Department at the 
Dublin meeting in 187H, ascribed the poyuilarity of the subject to the many open- 
ing.s which it afford." for wide differences of opinion between the e.xponents of it> 
numerous branches and to the innate bellico.^e teudeiiey of man. As the rejire- 
sentativeof a country in which, according to the .same high authority, this tendency 
is less strongly marked than elsewhere, and ot a race whieh has so frequently and 
pointedly exhibited its abhorrence of vigorous language, I trust that my presence 
here as President may not react unfavourably on the interest shown in the work of 
the Section. 

The present occasion might appear to be peculiarly anpropriatc for my taking 
stock of our anthropological possessions and summing up tlie numerous additions to 
our knowledge of * man and his doings’ which have been made during the cenrury 
which has just passed. Such a task, howoer, is surrounded with so much ditti- 
cully that I shrink from undertaking it. The scope of the subject is enormous, 
and the studies involved so diverse and so varied that I feel that it is hiwond my 
power to give any comprehensive survey of its development in all its parts. 1 prefer 
therefore to confine my remarks to that province of Anthropology within xvhich 
my own work has been chiefly carried on, and from this to select a" subject which 
has for some years held a prominent place in my thoughts. I refer to the human 
brain and the part which it has playM in the evolution of man. 
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^ One of the most striking peculiarities of man when regarded from the structural 
point of view is the relatively great size of his brain. Although with one or two 
exceptions the several parts of the brain are all more or less involved in this 
special development, it is the cerebral hemispheres which exhibit the pre- 
ponderance in the highest degree. This characteristic of the human brain is 
rendered all the more signidcant when we consider that the cerebral hemispheres 
cannot be loolted upon as being primitive parts of the brain. In its earliest con- 
dition the brain is composed of three simple primary vesicles, and the cerebral 
hemispheres appear in a secondary' manner in the sliape of a pair of lateral offshoots 
or })U(i8 which grow out from the foremost of these primitive brain-vesicles. 

The' olfshoots which form the cerebral hemispheres are found in all v^*rtebrate 8 . 
lusiguiticant in size and insignificant in functional value in the more lowly ibrms, 
a steady increase in their proportions is manifest as we ascend tlie scab', until the 
imposing dimensions, the complex structure, and tlio marvellous functional 
potentialities of the human cerebral hemisplieres are atUiined. In tlit'ir develop- 
ment tlie cerebral lu'misplieres of man rapidly outstrij) all the other parts of the 
brain until they ultimately iisurji to themselves by far tlie greater part of the 
cranial cavity, 'fo the predominant growth of the cerebral hemisphere-sis due the 
lofty cranial vault of the liumau skull ; to the dillereiit degrees of development 
and ti) the different forms which they assume arc largely due the variations in 
cranial outline in dillerent individuals and diflerenl races — variations in the delor- 
uiiiiation of whicli tlie ( raniologist has lalxmred so assiduously and patiently. 

1 think that it must he manifest to everyone that the work of the Craniologist, 
if it is to attain its full degrt*e of usefulnes'S, must la* hjuuded upon a proper recog- 
nition of the relation whicii exists betvv'eeii the cranium and the brain, or, in otln r 
words, between the envelope and its contents. 

!l'he cranium expands according to the demands made upon it by the growing 
brain. Tlie initiative lies with the bruin, and in normal conditions it is questionable 
if the envelope exercisfs more than a very sulisi diary and limited intluence upon 
the form asbume<l by the eontents. The directions of growth are dearly defined 
by the sutural lines by whidi tlu* cranial liones are knit together : but tlie^e are so 
arranged that they admit of tlie exjiansion of the cranial box in length, in breadth, 
and in height, and the freedom of irrowth in each of these dilferent directions has 
in all probability been originally determined by the requirements of tlie several 
parts of the brain. 

The ba.'e or floor of the cranium, supporting as it does the brain-stem or tbt» 
parts which pos.<es.s the gr(>ateM ]ili}logenetic antiquity, and whicli have not under- 
gone 80 large a degree of modification in human evolution, presents a greater 
uniformity of ly])e and a greater con.'^tancy of form in dilferent individuals and 
different race.^i than the cranial vault wliich covers the more liighly specialised and 
more variable cerebral liemisphercB. 

To what extent and in what direclions modifications in the form of the cranium 
may bo the outcome of restrictions placed on the growth of the brain it is difficult 
to say. Ihit, broadly sjieaking, I think W’^e may conclude that the influence which 
the cranium, under normal circumstances, independently exerts in determining the 
various head-forms is trifling. 

When we speak therefore of brachycephalic or short heads, and dolichocephalic 
or long heads, we are merely using terms to indicate conditions which result from 
individual or racial pixailiarities of cerebral growth. 

Tlie brachyceplmlic brain is not moulded into form by the brachycephalic 
skull; tlirt shape of both is the result of the same hereditary intluence, and in their 
growth they exliibit thi^ most perfect hurinony with each other. 

Craniology has been called the ‘spoiled child of Anthropology.’ It is supposed 
that it has absorbed more attention than it deservi's, and lias been cultivated with 
more than its share of care, while other fitdds of Anthropology cnpnbleof yielding rich 
harvests have been allowed to remain fallow, 'fhis (criticism conveys a very partial 
truth. The cranium, as we have teen, is tin* outward expression of the contained 
brain, and the brain is the most charact eristic organ of man ; cranial peculiarities 
therefore must always and should always claim a leading place in the mind of the 
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Anthropologist ; and this is all the more imperative seeing that brains of different 
races are seldom available for investigation^ whilst skulls in the different museums 
may literally be counted by thousands. 

Meantime, however, the lies buried beneath a mighty mountain 

of figures, many of which have iiiile morphological value and possess no true 
importance in distinguishing the finer differences of racial forms. Let us take as 
an example the figures upon which the cephaUc or length-breadth index of tin* skull 
is based. The measurement of the long diameter of tlie cranium does not give the 
true length of tlie cranial cavity. It includes, in addition, the diameter of an 
air-chamber of very variable dimensijms which is placed in front. The measurement 
combines in its(*lf therefore two factors of very diftcront im]>ort, and the result is 
thereby vitiated to a greater or less extent in * different skulls. A r»*cent memoir 
by Schwalbe ' affords instructive reading on this matter One case in point 
may be given. Pleasured in the usual wav, the Neanderthal skull is placed in the 
dolichocephalic class ; whereas Schw'albe lias shown that if tin* bruin-case alone be 
considered it is found to he on the verge of brachycephaly. Huxley, many years 
ago, remarked that ^ until it shall lx*como an opprobriiini to an ethnological collec- 
tion to possess a single skull wdiich is not bisected longitudinally ’ in order that 
the true proportions of its different parM may be pro])erly dt‘termine(l wt* shall 
have no ‘safe basis for that ethnological craniologv which aspires to give the 
anatomical characters of the crania of the diiferent races of mankind.* It appears 
to me that the truth of this observation can hardly be disputed, and yet this 
method of investigation has been adopted by very few Omniologists. 

It has become too much the habit to measure and compare crania ns if tluiy 
were separate and distinct entities and without a due considiTation of the evolu- 
tionary changes through which both the brain and its bony envelop* have passed. 
Up to the present little or no eftort has lieen made to <‘ontraat those parts of the 
cranial wall or cavity w'hich have been specially modified by the ctjrebral growth- 
changes which peculiar to man. It may be assumed that these changes ha\e 
not taken place to an equal extent, or indeed followed id*‘nticnlly the same lines 
in all races. 

Unfortunately our present knowledge of cerebral growth and the value to lie 
attached to its various manifestations is not so completi* ns to enable us to follow 
out to the full extent investigations planned on these lines. Hut the areas of cere- 
bral cortex to which man owes his intellectual .superiority are iiowrougldv mapped 
out, and the time has conu* 'when the effect produced upon the cranial form by the 
marked extension of these areas in the human brain .sliould L* noted and the skulls 
of diilerent races contra,sted from this point of view. 

To .some this may seem a return to the edd dtirtrine of Phrenology, and to a 
certain extent it is ; but it w'ould be* a I’hrenology bn.sed u|Mjn an entirely new 
foundation and elalx)rated <iut of entirely new material. 

It is to certain of the growth changes in the cerebrum which T b<*lie\e to he 
specially characteri.stic of man, and wdiich unf|ue.stioTiahly have hail some influence 
in determining head-forms, tluit I wdsli particularly to refer in this Addre.ss. 

The surface of the human cerebrum is thrown into a series of tortuous fohbs or 
convolutions separated by slit.s or fissure'*, and both combine to give it an appear- 
ance of great complexity. These con \olulion.s were long considered to present 
no definite arrangement, but to be thrown together in the same nieuniiigle.ss 
disorder ns is exhibited in a dish of macaroni. During flu* latter half, or rather 
more, of the century wliicli has just i*nded it has, however, been shown by the 
many eminent men who havo given their attention to this subject that the pal tern 
which is assumed by the convolutions, 'ivhile .showing many subsidiary differences, 
not only in different races and different iiidi\iduHlB,but also in the two lieniispbere.H 
of the same person, i.s yet arranged on a consi.stent and uniform plan in every 
human brain, and tliat any decided deviation from tbi.splan rc.sult.s in an imperfect 
carrying out of the cerebral function. In unravelling tlie intricacies of the Jiumaii 

* St'tfdim vhiT PiihviHmtJm>pv9 prfrtvn (Dubois), /.nitelmft /, Morph, vnd 
Arihrop.^ Band!. Heft I, 
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oonvolutionary pattern it wa‘> very early fonml tliat tin' pimple eerebral suifacc nf 
the ape’'; brain in nmny eases aftbrdei the key to tin* ablution of the problem. 
More recently the cloH* si udy of the manner in which the convolutions assuini* 
shape dnrin/r their jrrowth and <levelnpment lui- yielded evidence of a still more 
valuablo kind. Wv now know that t he primate cerehriiiii is init onl v di'Stiu^iiished 
from that (»f all lower niainnmls hy the posse-sjon of a distinct occipital lobe, but 
aisii by bavin;:; iin]irinfed on il^ savfaee a emivoliitionar} de-^i^rn, which in al* but 
a few fiiiidiiinenlal details is ditVereiit from that of any other order of mammals. 

There are few iinii lers of more mien*'! tj> llio-e anthi<»po!oi:ipt< nlio make a 
stmly <if the luiiie.ni skull than tie* relationship which exists lK*lwer-n the cranium, 
and the bruin dnrin^^ tha pi-riod ol active ;rro\\th of h«)tli. U]) to the time imme- 
diately prior to the pii'liin;* out of the oempiial h)he, or, in other words, the period 
in cerelirnl devrdopnnmt which is marked by the transition from the quadrupedal 
type to the primate type of cerebrum, the cranial wall fits like a tipht ;j;love on the 
.siirfaee of the enclosed cerebrum. At this stage there would ap])ear t o be a growth 
antagonism hotw<*en the brain ami the cranial envelope which surrounds it. The 
c‘raniuui, it would setmi, rtd'uses to expand witli a speetl sullicient to meet the 
demands made upon it for the accommodation of the gi*owing brain. In making 
this stat4‘ment it is right to add that lfoehst<*ttor, in a carefully reu'^oned memoir, 
has recenlly cast doubt iipon the reality of the apjiearam^cs wliu-h have led to this 
conclusion, and at the r'Cent meeting of the Anatomischo Ciesellscbaft, in Bonn, 
l^rofes.sor (liistaf Iletzius,’ one of the numerous oh.MTViTs responsible for the 
description of tin* early cendaum upon whic'h the conclusion is based, showed 
some inclination to waver in his allegiance to the old doctrine. This is not the 
time nor the place to enter u])on a discussion of **0 tt*chniciil a kind, hnt I may 
he allowed to say that wdiilst I fully recognim* the necessity for I’urtln*!* and more 
extmisivo investigation into this matter I do not think that Hochstetterhas satis- 
factorily accvuiiited lor nil the circumstances of tin* cav«e. 

When the occipital lohe assumes shape the relationship of the cranial wall to 
the enclos(*<l cerebrum undergoes a complelt* change. The cranium expands so 
rapidly that ^e^y soon a wide inteiwal is l**ft between the surftice of the cerebrum 
and the deep nspi'ct of the eraninl envelope within which it lies. This space is 
oC4*upied by a soft, sodden, spongy mesh work. termi*d the subarachnoid tissue, and 
it is into tin* yielding and pliable bed thus prepared that the convolutions grow. 
At first the surface of the con-bral hemisplmre i"* smooth, hut .soon particular areas 
of the cort4*x begin to hulgt* out and fort’shndow tin* lullin' convolutions. These 
sutler no growth restriction, and they assume the form of round or elongated 
elevations or emim'nees wliieh rise above the gi'iieral surface level of the cerebral 
hemisphere and bn*aK up its uniform contour lines in the same manner that moun- 
tain ciniiiis protrude from tin* surfact* of the globe. 

As growth goes on, and ns the brain gratluallv nssiimt's n hulk more nearly in 
nc(*ord with the cavity of the cranium, tlie space for snrlac»* jirotrusions of this 
kiml Iw'comes mor<* limil»*d. The gyi-al elev.itions are now pre^-sed togi*ther: they 
hoconu* llattt'iUMi along their summits, and in course of time they acquire tbo 
ordinary eonvoliitionarv shapes. While thi.s is going on the valhys or intervals 
between tin* primUi\»* surface i’le\ations become nnrrow4*d, and ultimately assume 
tin* liiK'ar .slit -like form clinracteristic of tin* iis<ures. 'riiese changes occur shortly 
before birth, hut are not fully couijdeted until after the first few months efinfaney. 
The final result of this process is that, tin* convolutions come into intimate relation 
with the deep aspect iiftho cranial wall and stnmj) their imprint u]>on it. 

It is obvious that certain of the later changi's which I have endeavoured to 
port ray might hi* ascrib(*d ti,) a growth antagonism ln'tween the brain and tlio 
enclosing cranium at this period. In reality, however, it is merely a process by 
'which the one is brought into closer adaptation to tiie other — a using up,iw it were, 
of superlluous space and a closer packing together of the convolutions — after the 
period of active cortical growth is past. Nevertheless the eonvoliitionarv pattern 
!.*i profoundly aiVected hy it, and it seem.s likely that in thi.s process we* find the 

' Anatoinisohe (lescllscbaft, Ilonii, May 1!S, 181U. lliistaf llotziiis, TransiUtrifcJw 
Fitrchot ties (iroanhirns. 
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explanation of the different directions taken by the cerebml fun*ows in brachy* 
cephalic and dolichocephalic heads. 

The cortical elevations which rise on the surface of the early cerebrum are due 
to exuberant growth in localised areas. There cannot be a doubt that the process 
is intimately connected with the development of function in the districts concerned. 
We know that functions of different kinds are localised in different parts of the 
cortex, and when we see an area on the surface of the early corobrum rise up in 
the form of an eminence we may reasonably conclude that the growth in the area 
concerned is the structural foundation of what will become later on a centre of 
functional activity of an acute kind. 

A consideration of this matter gives the duo to the simple convolutions of the 
ape and the complex convolutions of man, and, further, it ex])]ains how the inter- 
rupted form of fissural development is one of the essential characteristics of the 
human brain as compared with the simian brain. Areas which rise up iii the 
form of one long elevation on the surface of the ape’s brain appear in the form of 
several eminences on the surface of the human brain, and fissures hich appear 
in the form of long continuou> slits in the simian cerebrum appear in the human 
cerebrum in several detached bits, which may or may not in the course of time 
run into each other and become conduent. All this is due to the greater dethution, 
refinement, and perfection of the function.^ (‘urried on in the cerebral cortex of 
man. It is an index of a more complete ‘physiological division of labour’ in the 
human brain. 

It is not necessary, for the purpose I have iu\iew, lo enter into any detail 
regarding the many points of diderence which bixiome evident when the cenlirul 
surface of the ape is compared with that of man. It is more niy purpo.-t! to indi- 
cate certain of the districts of cerebral cortex which have undergone a marked 
increase in the human brain — an increase which ina\ be reasonably suppo&ed to 
be associated with the high mental attributes of man. To us, at the presenl time, 
it is difficult to conceive how it was ever possible to doubt tliat the occipital lolje 
is a distinctive character of the simian brain as w'ell as of the hmnan brain, and 
yet at successive meetings of this Association 18(11, and 18(12) a discussion, 

which was probably one of the most heated in the whole course of its hihtory, took 
place on thi.s very point. One of onr greatest authorities on animal stiucture 
maintained that the occipital IoIjc and the hip|K)caiiipu> minor- -an elevation in its 
interior — were both peculiar to man and to him alone. Kveryone has read in tlie 
‘ Water Babies ’ Charles Kingsley's delightful account of this discus>ion. Speaking 
of the Professor he says; ‘He held very strange thc*ories about a good many 
things. He had even got up at the British Assr)ciation and declared that apes 
had hippopotamus majors in their brains just as men hare. What a shocking 
thing to say ; for if it were so, wdiat would heroine of the faith, hope, and charity 
of immortal millions? You may think that there are other more important 
difl'erences between you and an ape, sucli as being able to speak, and make 
machines, and know right from WTong, and say yiuir prayers, and other little 
matters of that kind ; hut that i.s n child’s fancy.’ In the light of our pref-eiit 
knowledge we can fully understand Professor Huxley closing the discussion by 
stating that the question had ‘ become one lif personal veracity.’ Indeed, the 
occipital Jobe, so Jar from being absent, is developed in tlie ape to a relatively 
greater extent than in man, and this constitutes one of the leading positive dis- 
tinctive characters of tho simian cerebrum. Measuied along tlie mesial liorder, 
the percentage length of the occipital lobe to the total length of the cerebrum in 
the baboon, orang, and man is as follows: — 


Baboon 20*7 

Orang 23*2 

Man 21*2 


But these figures do not convey the full extent of the predominance of 
tho occipital lobe in the ape. The anterior border of the lobe grows forwards 
beyond its proper limits, and pushes its w&y over the parietal lobe which lies in 
front, so as to cover over a portion of it by an overlapping lip termed the occipital 
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operculum. There is not a trace of such an arrangement in the human brain, and 
even in the anthropoid ape the operculum has become greatly reduced. Indeed, 
in man there is exactly the reverse condition. The great .size of the parietal lobe 
IS a leading human character, and it has partly gained its predominance by pushing 
backwards so os to encroach, to some extent, upon the territory which formerly 
belonged to the occipital lobe.* A great authority ' on the cerebral surface 
ref«Ts to this as a struggle between the two lobes for surface extension of 
their respecti\e domains. ‘ In the lower apes,* he says, * the occipital lobe proves 
the victor: it bulges over the parietal lobe as far as the first nnnectant gyrus. 
Already, in the orang, the occipital opercnUini has suffered a great reduction ; and 
ill man the victory is on the side of the parietal lobe which preiises on the occi])ital 
lobe and begins, on its ])art, to overlap it.’ Now that so lauch inlormatiou is 
available in regard to tlw localisation of function in tlie cerobral cortex, and 
Flechsig has stimulated our curiosity in regard to his great ‘ association areas ^ in 
which the higher intellectual powers of man are believed to reside, it is interesting 
to speculate upon the causes which ha\t* led the pushing back of the scientific 
frontier between the occipital and parietal cerebral districts. 

The parietal lobe is divided into an upper and a lower part by a fissure, which 
takes ail obliijuc course across it. Riidinger,"* who studied the position and inclina- 
tion of this lissure, came, to the conclusion that it presents easily determined 
differtuices in accordance with sex, race, and the intellectual capacity of tin* indi- 
vidual. He had the opportunity of studying the brains of iiuite a numlier of 
distinguished imui, amongst whom were llischoff of Honn, Dblliuger of Munich, 
Tiodenninu of Heidelberg, and l.‘-i -if Munich, and he asserts that the higher 
the mental endowment of an .-i :.\i i :ii the greater is the relative extent of the 
upp»*r part of tlie parietal lobe. 

Tlien* is absolutely no foundation for this sweeping assertion. ^Vhell tb»^ 
evolutionary development of tlu* parietal part of the cerebral cortex is studied 
exactly the rever>« condition hecunios manifest. It is the lower part of tlie 
parietal lobe which in man, both in its early development and in its after growth, 
exhibits the greate.st relative increase. Additional interest is attached to this 
observation hy the fact that recently several independent oliservcrs have fixed upon 
this ivgion as one in which they Indieve that a marked exuberance of cortical 
growth may be noted in people of undoubted genius. Thus Hetzius has slated 
that such was the case in the brain.*^ of the asiroiioiner lingo G\lden,’ and tlie 
mathematician Sophie Kovabw.‘»ky ; ’ IIaiiM‘mnnn '■ has described a similar condi- 
tion in the )>rain of Helmholtz ; and (uiszinan " in the brain of IJudolph Lenz, the 
musician. Some force is likewise added to this \iow by Fleclisig*, who, in a recent 
paper,’' has called attention to lln» fact that within ibis ili^inet there are located 
two of his so-cnlli‘d ‘ Termiimlgebiete,’ or cortical area'<, which attain their func- 
tional powers at a later period (ban those which lie around them, and which may 
therefore be supposed to liave specially high work to perform. 

Without in any way desiring to throw doubt upon the observations of these 
authorities, I tliink that at the present moment it would be rash to accept, without 

‘ It is neces.«ary to empbaaisc this point, because in Wiedersbeim’s SfritrfHr(> of 
ji/(ni wo are told that in man there is a preponderance of tlio occipital lobe, and that 
the parietal lobe is equally developed in man and antiiropoids. 

*■* Ki)erstallor, U teurr ^Itdizniiachr JiUifter, 1SS4, No. ID, p. 5S1. 

® Itnirngv :ur Ana tom ie vnd Emhryolotjie, als Festgabe .Jacob Hcnle, 1S82. 

^ Ketzius, JHolofjheho Unttrsuchungen^ ncue Folge, viii. JSJ)8, ‘Das Gehirn des 
Astronomcn Hugo Gyldtms.’ 

^ lletzius, JtiologiHche Untersttvhu 7 igrn, none Folge, ix. 1900, ‘ Das Gehirn der 
Mathematikcrin Sonja Kovalevsky.' 

“ Haiiseniaiin, Xiatscfmft fiir Vhgchologie vnd Physiologic tier Simcsorganc^ 
Band xx. Heft 1, 1899, ‘ l^cbcr das Gehirn von Hermann v. Helmholtz.’ 

' Josef Guszman, Anatomischer Anzeigrr. Hand xix. Nos. 9 and 10, April 1901, 
* Bcitriige zur Morphologic der Gehlrnobertlilche.’ 

** Flcch.sig, ‘ Neuc Untersuchungen fiber die Mnrkhildung in den menschliclion 
Oiosshirnlappen,' Nvurologischct Ccntralblatt^ No. 21, 1898. 
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furthpr e\idencp, conclusions which have been drawn from tJie examination of 
the few brains of eminent men that have been described. There cannot be a doubt 
that the region in question is one which has extended greatly in the human brain, 
but the association of high intellect with a special development of the region is a 
matter on which T miist confess T am at present somewhat sceptical. 

But it is not only in a backward direction that the parietal lobe in man has 
extended its territory. It has likewist* increased in a downward direction. There 
are few points more striking than this in the evolution of the ctuvbral oorU‘\ of 
man. In order that I may be able to make clear the manner in wdiich this inc'vease 
has been brought about, it will ])e neces.sary for me to enter into som(‘ detail in 
connection with the development of a region of cerebral surface termed the itt^uiar 
dittfricf. The back part of the frontal lobe is also inxolved in tliis dow'invnrd 
extension of surface area, and, such being the case, it may be as wi*ll to state that 
the boundary which has been lived upon ns giving the line of separation hettveen 
the parietal and frontal districts is jiurely artiiicial and arbitrary. It is a demar- 
cation which has no morph- ilogieal signilieance, whilst from a pli\su)logical point 
of view it is distinctly misleading. 

The insular district in the fmtal brain is a depressed area of an elongatt'd 
triangular form. The general surface of the cerebrum occupies, all round about it, 
a more elevated plane, and thus the iiwula comes to be bounded b\ <listinct walU, 
like the sides of a shallow pit dug out in the ground. 'fJie upper w’all is formed 
by the lower margins of the frontal and parietal lobe*;, the lower wall by the 
upper margin of tli(‘ temporal lube, and the front wall by the frontal lobe. 
From t^acli of these bounding walls a separate j)ortion of (‘erehral corte.v 
grows, and theses gradually creep o\er the surface of the in>ula so as to overla]) 
it, .and eventually completely cover it over and exclndo it from tin* surface, 
in the same way that the lips overlap the teeth .and gums. That which grows 
from alK)ve is called the while tliat which grows from 
below is bTiued-.tho temporal operrahim, 'fhese appear va^ry taivly, and are 
responsible for dosinq ovtT more than tin* hinder tbree-lourths of the insula. The 
lower or temporal operculum is in the first instance more rapid in its growth than 
the upper or iVonto-parietal operculum, and thus it comes about that when their 
margins meet more of the in.sula is cuvered by the former than by the latter. So 
far the development is apparently precisely similar to what iK'cuvs in tin* ape. 
The slit or tissure formed by the approximation of tlie margins of these two 
opercula is called the Sylvian fissure, aud it eoustitiites a natural lower hoiiudary 
for the parietal and frontal hdics w'hich lie above it. .\t first, from the more 
energetic growth of the lower temporal operculum, this fi.ssure slants \f*ry 
obliquely upwards and backw ards, .and is very similar in direef ion to the corre- 
sponding iissure in tin* br.nin of tin* ape. But in the human brain this eoiulitiou 
is only temporary. Xow' begins that downward movement of the parietal lobe 
and back part of the frontal lobe to wdiich r»;f<‘reiice has been made, 'fhe upper or 
fronto-parietal operculum, in the hilt*r stages of fiet.al life, and tin* e«ii'lier months of 
infancy, enters into a growth antagonism with the low’er or temporal o])erculutn, 
and in this it proves the victor. The margins of the two ojiercula are tightly 
pressed together, and, slowly lait surely, the froii to- parietal oiM‘rcnlum gains 
ground, pressing down the t«*inpoial operculum, and thus e\ti*iiding tin*, territory 
of tin*, frontal and ]»ari<‘1al districts. This is a striking proce.**s in the brain 
development of man, and it results in a d(*pre>'<ion of tlie Sylvian ti.«siire or the 
lower frontier line of the frontal and parietal lobes. Kiirthev, to judge from tin* 
oblique direction of the Svlviaii fi.-'Siire in the brain of tin* ape, the proeess is 
lieculiarto man ; in the. simian brain there is no corn*.sponding increase in the area 
of cerebral cortex iiinier coiisi(i(*ratiou. 

T do not think that it is difficult to nccoiint for this important evpnnsion of the 
cerebral surface. In the fore part of tlio r*‘gion involved an* placed the groups of 
motor centres which control the musciilnr inovenients of the more important jiarts 
of the body. These occupy a broad strip of tin* suiface which stretches across the 
whole de])th of the. district concerned, Witliin this are the centres f«)r the arm 
and hand, for the face, tin* mouth and the throat, and lihewi.M*, to some e\tent, 
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the eontfe for speech. In man certain nf these have undoubtedly undergone 
marked expansion. The skilled movements of the hands, as shown m the use of 
tools; in writing, and so on, have not been acquired without an increase in the 
brain mechanism by which these an* guided. So important, indeed, is the part 
played by the human hand as an agent *>f tin* mind, and so perfectly is it adjusted 
with reference to tliis oftice, tliat there are many who tliink that the lirst great 
start w^hich man obtained on the patli whicli has led to his higher developmenr 
was given by the setting of the u])per limb free from the duty of acting as an 
organ of support and locomotion. Jt is an old saying Mliat man is the wisest of 
animals because of his hands.' Without endorsing ir> its full extent this view, 1 
think that it cannot he a matter for surprise that the district of the cerebral 
cortex in man in which the arm-eentres resiile show> a manifest Increa-se in its extent. 

In the same region of cerebral cortex, but at a lower le\eh theiv are also situated 
the ctjutres which are r«‘Sj)unsible for facial expression, [n the ape there is a con- 
siderable degree of facial play ; hut this is ehietly eontined to the regiori of tin* 
lips; and the muscles of the face, although ])rese.nt in greater mass, show com- 
parativ»*ly little of tin* dilferentiation which is (baractevistic of the lighter and 
more feeble mu8(‘les in the face of man. And then as to tin* ethet produced : These 
human muscles ar(* capable of reflecting i*ver\ Heeting emotion, every change of 
mind, and by the lines and furrows their coii'^tant use indelibly fix on the countc*- 
nnnee the chanu'ter and disposition of an individnal can to some extent be read. 
As the power of coiumunication botweeu pnmiti\e men became gradually esta- 
blished, facial movements weiH* no dmiht largely u-e<l, not only for the pur|K)se of 
giving «*xpression to simple em< it ions, such as anger or joy, hut als(> for giving point 
and force to the faltering s]>e<‘ch of our early ]»rogeuitors li\ rell<‘Ctiug other con- 
dititins of mind. The acqui'^ition of tliis power as well a^ tin* higher and more 
varied ]>owers of vocalisation mu<t necessirily havt* l)t*i*n a<‘c«mipanietl by an 
increase of cerebral cortex in the r»‘ginn under eonddevation. And in this connec- 
tion it a ]ioint w»*ll w«»rtli\ of note that tin* ari*:i of cortex niappol (»ut ni the 
human brain ‘ as controlliFig the n)Ui!*(*les of the face, mouth, and throat i^ as large, 
if not larger than that allotted to the arm and hand,* and \et it questionable if 
all the mu*»cles under the sway <»f the former would \\i‘igh a*' much as one of the 
larger inus(‘h‘.M (say the triceps) of the arm. Thi- sullicieiit to slnw that it is 
not muscle ])ower which <letf‘vmines the extent of the motor areas in the c«*rehral 
cortex. Jt is the degree of relineincnt in tin* movements required, as well as the 
degree of variety in nuisek* comhinniions, which ap]);tn*ntl\ dt*t«*i mines the amount 
of ground cohered by a nn»lor centre. 

Still, the increase in the amount of cerebral cortex in man due to the greater 
retin(*ment of moxenient acquinvl by dilh»r«*nt groups of muscles is relatively 
small in comparison wit It the increase wliirh has occurred in oilier regions from 
which no mot or fibres are sent, out, and xvliich therefovi* have no dim'l connec- 
1 ion with muscles. 

The reniarkabli* coiiclusious arrived at by KJeeh>ig, although not con(irmi»d 
and acci‘pted in all their details, have tended g-reatly to clear up much that was 
obscure in the relations of the diiVeivnt districts of rerehral cortex. !More particu- 
larly has he Imh'Ii able to apjttirlion out more accurately the diileront values to Ix^ 
attached to the s(*xcrnl areas of tin* c«Tehral surfaci*. lie ha** shown that fully two 
thirds of the cortex in the human hniin constitute wliat In* terms ‘association 
centres.* Within these the higdier inteUectual manifestations of the brain have 
tlieir origin, and judgment ami memory liaxe their sent. They are therefore to 
ls» regarded as the psychic centres of the cerebral cortex. 

' Si»e diagram in »Sehafev's arliele tm the ‘(’I'n'lini! Cortex ' in his recent work on 
]>hysiology. 

The eoinparison only refers to surfaee area, ami this is not an aksulufely true 
criterion of the n'.latixi* amount «)f eorlt'X in each region. The arm-centre has a large 
amount of eorlijx stowed away within the fissure of Kolaiido in the sha|>e of inter- 
ioeking gyri which is not taken iiitonccouiit in a ineasuromcnt confined to thesuper- 
llcial surface .area. Still, this does not to any great degree detract from the nrgu 
meut which follows, seeing that the discrepancy is still sufficient ly marked. 
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Now, it requires a very slight acquaintance with the cerebral surface to perceive 
that the great and leading peculiarity of the human brain is the wide extent of 
these higher association centres of Flechsig. Except in connection with new 
faculties, such as speech, there has been relatively no striking increase in the extent 
of the motor areas in man as compared with the cortex of the ape or the idiot, but 
the expansion of the association areas is enormous and the increase in the frontal 
region and the back part of the parietal region is particularly well marked. It is 
this parietal extension of surface which is chiefly responsible for the pushing down 
of the lower frontier of the parietal lobe and the consequent enlargement of its 
territory. 

I have already referred to the views which have been recently urged by several 
independent observers, that in the men who have been distinguished during life 
by the possession of exceptional intellectual power, this region has shown a very 
special development. 

It is a curious circumstance, and one which is worthy of consideration, that in 
tlie left cerebral hemisphere the Sylvian fissure or the lower hoiiiulnry of the 
parietal lobe is mon* depressed than in the right hemisphere, and, ns a result of 
this, the surface area occupied by the parietal lobe is greater on the left side of the 
brain than on the right side. To the physiologist it is a mutter of every-day 
knowledge that the left cerebral hemisphere shows in certain directions a marked 
functional pre-eminence. Through it the movements of the right arm and right 
side of the body are controlled and regulated. Within it is situated also the active 
speech centre. This does not imply that there is no speech centre on the right 
side, but simply that the left cerebral hemisphere has usurped the rhiof, if not the 
entire, control of this all-important function, and that from it are sent out the chief 
part, if not the whole, of the motor incitations which gi\o rise to speech. The 
significance attached to the dominant power of the left hemisphere receives force 
from the now well established fact that in left-handed individuals the speech func- 
tion is also transferred over to the right side of the brain. To account for this 
functional pre-emioenco of the left cerebral hemisphere numerous theories have 
been elaborated. Tlie interest attached to the subject is verv considerable, but it 
is impossible on the present occasion to do more than iudicat** in the briefest 
manner the three views which have apparently had the widest infliumce in shaping 
opinion on this question. They are: (1) that the superiority of the left cerebral 
hemisphere is due to its greater weight and bulk ; (:?) tl;at it maybe accounted for 
by the greater complexity of the convolutions on the left bnin and the fact that 
these make their appearance earlier on the left .^ide than on the right side ; (3) that 
the explanation lies in the fact that the left hidt* of the brain enjoys greater 
advantages in regard to its blood supply than the right .'^ide. 

Not one of these theories wlien cIo.soly looked into is found to possess the 
smallest degree of value, ilraiine ' ha.s .shown in the most conelusive manner that 
if there is any difference in weight between the two liemispheres it is a difference 
in favour of the right and not of the left hemisphere ; and I may add from niy own 
observation.s that this is evident at all periods of growth and development. 
Equally untrustworthy are the views that Jiave been put forward as to tlie superiority 
of the left hemisphere from the point of view of convolutionary development. I 
am aware that it is stated that in two or three cn.ses where the brains of left- 
handed people have been examined this superiority wa.s evident on the right 
hemisphere. This may have b(‘en so; I can only speak for the large percentage 
of those who are right-handed ; and I have never been able to satisfy myself that 
cither in the growing or fully developed brain is tlierii any constant or marked 
superiority in this respect of the one side over the otlier ; and 1 can corroborate 
Ecker ^ in his statement that there is no proof that the convolutions appear earlier 
on the one side than the other. The theory that an explanation is to be found in 
a more generous blood supply to the left hemisphere is more difficult to combat, 

' * Da« Ge wichts verbal tniss dor rechten zur linken Hirnhulfte helm Menschen,’ 
Areliivfur Anat. 

- Archivfdr Anthropologies 1868, Bd. cxi. 
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l)ecause the amount of blood received by each side of the brain depends upon two 
factors, viz,, the ph 3 ’sical conditions under which the blood-stream is delivered to 
the two hemispheres and the calibre of the arteries or tubes of £>u[)ply. Both of 
these conditions have been stated to be favourable to the left hemisphere. It is 
a matter of common anatomical knowledge that the supply pipes to the two sides 
of the brain are laid down homewlial differently, and that the angles of junction, 
Sic.f with the main pipe are not quite the same. Further, it is true that the blood- 
drains which lead away tlie blood from the brain are somewhat different on the 
two sides. AVhether tliis would entail any marki'd difference in the blood-pressure 
on the two sides I am not prepared to say. This could only be proved experi- 
mentally ; but, taking all the conditions into consideration, 1 am not inclined to 
attach much importance to tlie argument. It is easy to deal with tin loose state- 
ments which have b(‘en made in regard to the size of leading supply pipe (viz., the 
internal carotid artery). It passes through a bony canal in the floor of the cranium 
on its wa^'^into the interior of the cranial box. Its size can therefore he accurately 
gauged by measuring the sectional area of this bony tunnel on each side. This 1 
have done iu twenty-three skulls elio.-en at random, and the result shows that 
considerable differences in this respect are to be found in different skulls. These 
discrepancies, however, are sometimes in favour of the one side and at other times in 
favour of the other side; and when the combined sectional area for all the skulls 
examined was calculated it was, curiously enough, found to Ije 583J sq. mm. 
for the left side and 583 sq. mm. ti)r the right side. 

Ijeaving out of count the asunmetry in the ir.:r' nv‘r.t of the convolutions 
in the two hemispheres, which cannot by any amount of ingenuity be twisted into 
such a form as to give* a structural superiority to one side more than the other, the 
onl> marked diffeienc** which appears to possess any degree of constancy is the 
increase in the t(*rrit<'ry of tlie hdl parietal lobe pniduced by the more marked 
depression of its lower fionlier line (Svlvian fissure). I’liat this is in any way 
aA^ociated witli right -handedness or with the localisation o\' the active s]>ei‘ch 
centre in the left heinisjihere I am not prepannl to urge, hecauso the same con- 
dition is present ill the aj<e. It i.s true that .‘-oine authorities ‘ hold that the ape is 
right-handed as well as man, Imt in the gardens of the Jloval /otdogical Society 
of Ireland 1 luneliad a long and intimate e\]M*riencp of both anthropoid and lower 
ap»\'». and I have neM*r h(‘eii abh* to MUi^fy myself that they show any deciilod 
pref renee for the use of one arm imu’e than the other. 

Tliiit differeiici'.s do o\bt in the more inlimatt* structural detail^ of the two 
henusphercs, which give to the left it> functional su]>eriority, there eaiuiot he a 
doubt ; but tlie^e have >till to be di^cotered. IkiMian ha'< stated that the grev 
cortex OH till) left ."iJe lias a higher .‘specific gravity, but this statement has n«>t as 
3 'et received corn dv»rat inn at the hands td other oh.servers. 

I have already mentioned that mairs special endowment, tie* faculty of speech, 
is as'ociated with striking changes in that part of the cerebral Mirface iu which tho 
motor cent re for art ieiilate .speech is located. It is questionable wlietlier the acquisi- 
ti(*n of any other .'system of iKssociated muscular movements has been accompanied 
by a uioro evident cortical change. The centre in question is placed in the lower 
and back part of the frontal lobe. ^Vo have .seen that the insular district ia covered 
ov«*r ill tho hinder three fourths of its extent by tho fronto-parietal and temporal 
opercula, and thus submerged below* the surlace and hidden from view. The 
brain of tlio ape and also of tho microcephalic idiot with defective s])eech goes no 
further in it s development. The front part of the in.^ular district remains uncovered 
and exposed to view on the surface of the cerebrum. Iu man, however, twrq addi- 
tional opercula grow out and ultiiuateh' cover over the fore nart of the insula. 
These opercula belong to the low*er and back part of the frontal lobe, and are to be 
looked upon as being more or less directly called into evidence in connection with 
the acquisition of articulate speech. 

The active speech centre is placed in the left cerebral hemisphere. We speak 

‘ Ogle, ‘ On Dextral Pre-eicinence,* Trans* Mtd, CkiruTg, Soc., 1871 ; Aim8 Phre, 
Zm CoM/rhurcs latcrales normaUs aw rachis Jiumain. Toulouse, 1000. 
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from the leftside of the brain, and yet when the corresponding region ’ on the right 
side is examined it is found to go through the same developmental steps. 

The htimulus which must have been given to general cerebral growth in the 
asbociatiou areas by the gradual acquisition of speech can hardly 1 h^ exaggerated. 

During the whole course of his evolution there is no pobsession wnicb man 
lias contrived to acquire which has exercised a btioiiger iiiliueiice on his higher 
development than the power of articulate si)eeeh. This priceless gift, ‘the most 
human manifestation of humanity ’ — (Uiixley ) — was not *)])tained through the exer- 
tions of anyone iudi\idual or group of individuals. It is tho result of a slow 
process of natural growth, and there is no race, no matter how low, savage, or 
uncultured, which dot's not possess the power of commuiiicating its ideas by means 
of speech. ‘ If in the present state of the world, ^ says ('harum, ‘ M)mo philosopher 
were to wonder how man ever began to build those houses, palaces, and vessels 
which we see around us, wo should answer that these were not the things that 
man began with. The savage who tirst tied the branches of shrubs to make him- 
self a shelter was not an architect, and he who first floated on the trunk of a tree 
was not the creator of navigation.' And so it is with speech. Rude and imperfect 
in its beginnings, it has gradually been elaborated by the successive generations 
that have practised it. 

The manner in which the faculty of speech originally assumed shape in the 
early progenitors of man has been much discussed bv Philologists and rs\ chologLsts, 
and there is little agreement on the subject. It is ob\ious that all the more 
intelligent animals share with man the power of giving expression to certain of 
the simpler conditionh of mind both by vocal sounds and by bodily gestures. 
These vocal sounds are of the interjectional order, and arc expressive of emotions 
or sensations. Thus the dog is said, ns a result of its domestication, to liavt* 
acquired the power of emitting four or live dilVerent tones, each indieal i\p »»f a 
special mental condition and each fully nnderstf)ud by its coinpannms. 'Fhe 
common barn-door hnvl ha^ <ilso Immui credited ^^lth from nim* to t\\t*lve distim*l 
vocal sounds, each of wlncli is capable of a special interpretation Uy its fellows 
or its chickens. The gestures eiuploved hy the lowin’ animals tnay in eertiiin 
cases 1)0 facial, as expressed liy the grimaces of a monkey, or changes in bodily 
attitude, as we '•oe continually in the di>g. 

1 think that it may not be unreasonably inferred that in the distant past the 
remote progenitors of man relied upon erjuallv lowly means of coniiimmcating 
■with their fellows, and that it was from .such humble beginnings lliat speech has 
been slowly evohed. 

TJiere (*unnot be a doubt that this method of eoimniinieating l>v vocal sounds, 
facial expression, and bodily gesture-* is capable of much idalmration , and. further, 
it is possibb*, as some hold, that it. may have atlnincd a coiiHide.rable degree of ])er- 
fection before articulate speech began to take form and grmlually leplace it. 
Much of it indeed remains with ns lo the jiresent day. A shrug of the .shoulder.*! 
may be more eloquent than the moc-t caretully j)ri-])ared plira.se : an ap]iro])riate 
expression of fac<*, accompanied bv a suitabhi ejaculation, nmy bo more withering 
than a flood of invective, (’aptdin Durton tclK us of a tribe of .North American 
Indians whose vocabulary is .-o scanty that they can hardly carry on a conversa- 
tion in the dark. This and othm- facts have, led Mr. 'fylor, to whom we owe so 
much in connection with the early history of man, to remark: ‘The array of 
I'videnco in favour of the e.\isteiice of tnhes vvho.Hi language incomplete wiiliout 
the help of ge.-ture-MgiiF. even for things of ordinary import, is very remarkable' ; 
and, further, ‘that thi.s constitutes a telling argument in favour of the theory that 
L‘- -III*-. -’.a!:j:i:;i_-- is the original utterance of mankind out of winch speech has 
developed itseit more or loss fully among difterent tribes.' It i.s a significant fact 
also, as the same author points out, that gesture-language is, to a largo extent, the 
same all the world over. 

‘ Rudinger and others have tricfl on very nn^uUstantial grounds t«) prove that 
there is a difference in thi.s region on the two of the Vjrain. There la, »)f course, 

a rule*. marked a.symmeirj ; but I do not think that xt can be said with truth that 
the cortical development of the. region is greater on the left side than on the right. ^ 
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^lany of tlio words rinploy(Ml in t'arly spoecli wore luidoiibledly formed, in tlie 
first inatance, througli tlie tendency of man to imitat**- the initural sounds lie beard 
around him. To these sounds, with various modifications, was assif^necl a special 
conventional value, and tlu*y were then added to the growing vocabulary. By 
this means a veiy decided forward step \vas taken, and now primitive man becamo 
capable of giving utterance to his perceptions by imitative sounds. 

Max Muller, although bitterly opposed to the line of thought adopted by the 
* Iiiiilativo School’ of philologists, has expressed their ^iews so well that! am 
tempted to Use the words he employed in explaining what he satirically branded 
Hi the * Jk)w-wow 'rheory.’ He says : ‘ li is supposed that man, being yet mule, 
heal’d the voiees of the birds, dogs, uiitl cows, the roaring of tho s<;a, the rustling of 
the fon‘.st, the murmur of the brook, and the whisper of the breeze. lie tried to 
imitate these sounds, and finding his mimicking cries useful as signs of the object 
from wliicli they proceeded, he followed up the id(*a and elaliorated language.’ 

Hood * hiimoi*ously and iineonsciously illustrates thi.'' doctrine by a verse 
descripti\e of an Englishman, ignorant of French, endeavouring to obtain a meal 
in France : — 

‘ “ Moo ! ” I cried for milk ; 

If I wanted bread 
My jaws 1 set agoing ; 

And asked for ncw-luid eggs 
By clapping bauds and crowing.’ 

TUit, although much of early articulate* apeecli may have arisen by the development 
of interjectioiial sounds and the reproduction, by the human vocal organe, of 
natural sounds, it is very unlik(*lv that these afibrdod tin* only somves from which 
word*' were tu'igijially doriNctl. llomai.o'. iii'isls upoji thi>. nud, in supjvut of hi*? 
argunionl , refir.s to caH*** >Nhorc cliildr»*n nnenl a language in which apparently 
iinilati\e "OuiuU t.ilo* no j»art. He albidt*' t » 1 hi* well-known fact that 

<leaf mute' (Kva'ionally dovno (b liuiio soumls which stajid for the luiines of 
frionds. In tin* light of sucli ox shuco, h«* x< :y ]»po|u-rly asK-, * Why .diould it be 
lield impo.*.uble for jirimitivo man to h?uo doii'* tin* saniej' ' 

The \alne of sjMikfii laiiguag’e, U' an instrnmi iit of ihongdit, is unixcrsally 
admitted, and it i*< a inatt«*r incapable of contradietion that the higher intellectual 
ellbrls of man would he absolutely nnpo'Mbl** w<‘re it not for tin* support which is 
ollbrded by articulate speech. Darwin expresses this well wlien he says: ’A 
complex train of thought can no more be eunied (»n without the aid of words, 
w'heth(‘r spoken or silent . than a long eulculat ion without the u.'e of 1igure.s or 
syndioD.' Such lieing the ca>e, 1 think "we may eoindiide that the acipii'ition of 
speech hn.s bt'cii a dominunt factor in tletcrmining tlie high devtlopmeni of the 
human brain. Speech and menial nctixity jro hand in hand. The one has reacted 
oil the otlier. 'file mental ellbrt required for the coining of a new word has bi*en 
immediately followed by an increased possibility of furthi'r intellectual achieve- 
ment tlirougli tin* additional range given to the mental powers by the enlarged 
vneahnliirx. '1 he txxo proec‘'.M*s, mutually support intr each other and loading* to 
]»rogress in the 1w«> directions, have uiique.'^lionably yielded tlie chief stimulus to 
brain deielopment. 

More than one Philologist has insisteil that ‘ lainrnagi* hegiii*' where inter- 
jection e]i(l.s.‘ For my part I would say that the first word uttered expressive of 
an external object markt'd a new era in the hi'^torv of our early progenitors. At 
lhi'< ]»omt the simian or hrute-likc stage in their de\elo]uneiilnl eareer came to an 
end and th<* human <lvnnsly endowed with all its inti'llectual pojfsibil it ies began, 
'riiis is no new thought, ilomunes ch*uvly .stales that in the absence, of articulation 
bo consitlers it improbable that man would have made much psychological 
advnneo upon the antlircqioid a])e, and in another place he remarks that ‘a man- 
like creature became human by the power <»f speech.’ 

The period in the evolution of luuii at which this important step was taken is 


» Quoted from TIu OrjrA rf by Hen&kigh Wedgwood, 16t>6. 
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a vexed question and one !n the solution of which we have little solid ground to 
go upon beyond tbe material changes produced in the brain and the consideration 
of the time tliat these might niasonably be supposed to take in their development. 

Darwin was inclined to believe that articulate speech came at an early period 
in the history of the st**m-form of man. llomanes gives a realistic picture of an 
individual decidedly superior to tbe anthropoid ape, but distinctly below the exist- 
ing savages. This hypothetical form, hull-simian, half-human, was, according to 
his sponsor, probably erect ; lu» had arrived nt the power of shaping Hints as tools, 
and was a great adept at communicating with his fellows by gesture, \ocal tones, 
and facial grimaces. 

With this accompllslied ancestor in hi.<4 mental eye it is not surprising that 
liomanes was inclined to consider that articulate speech may ha\o come at a later 
period than is j- ■ v* illy - ; osed. 

At the timt ■' 1 1 - gave expres&iou to these views he was not acquaintt‘d 

with the very marked structural peculiarities which distinguish the human brain 
in the region of the speech centre. I do not refer to the development of the brain 
in other districts, because possibly Romanes might have held that tbe numerous 
accomplishments of his speechless ancestor might be sufficient to account for this ; 
I merely allude to changes which may reasonably be held to have taken place in 
direct connection with the gradual acquisition of speech. 

The.se structural characters constitute one of the leading peculiarities of the 
human cerebral cortex, and are totally absent in the brain of the anthropoid ape 
and of the speechless microcepbalic idiot. 

Further, it is significant that in certain anthropoid brains a slight advance in 
the same direction may occasionally be faintly traced, whilst in certain human 
brains a distinct backward step is sometimes noticeable. The path which has led 
to this special development is thu.s in some mea.sure dt'lineated. 

It is certain that these structural additions to t)u‘ human brain aro iio recent 
acquisition by the stem-form of man, but are the result of a slow evolutionary 
growth— a growth stimulated by the laborious etVoits of countless 

generations to arrive at the perfect co-ordination of all the muscular factois which 
are called into play in the pnxiuction of articulate speech. 

Assuming that tlie acquisition of speech has afibrd(‘(l tlu* chief .'»tinnilus to the 
general development of the brain, and thereby gi\ ing it a rank high above any 
other factor Avhich has operated in the evolution of man, it \\»»iil(] he wrong lo lose 
sivht of the fact that the first step in this upward movement must have been taken 
by the brain itself. 8oiue cerebral variation --probably Inti ing and iirsigmiicant 
ai the start, and yet pregnant with the most far-reaching posMhilities — has ni tbe 
stem-form of man contributed that condition which has rciHh*rf*J speech possible. 
This variation, strengthened and fostered by natural .^election, 1ms in the eiul led 
to the great double result of a large brain with wide and extensive association 
areas and articulate speech, the two results being brought about by tlic mutual 
reaction of the one process upon the other. 


I'he following Papers and Ilcport.s were read : — 

1. The Cartilage of the External Ear in the Monotvenwia in rchulon to 
the Human Ear. By Professor J. Cleland, F.R.S. 


‘J. On the Origin of the Cartilage of the Stapes amJ on ita Continuity with 
the Hyoid Arch. By J. F. Gem.mill, J/.D. 

The series of sections exhibited showed that in the human subject the whole 
of the c.;r!iliL’i' iif the stapes is developed independently of the periotic capsule, 
and the: ;* h-l’ini'? to the hyoid bar. The sections aUo illustrate tne condition at 
different stages of that part of the hyoid bar which lies between the stapes and 
the styloid process. An examination of all the sections m the different series 
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supports the view that the incus represents the primitive suspensorial element, 
the hyo-mandibular. 


3. The President's Address was delivered. — See p. 776. 


i. Same Notes on the Morphology of Transverse Vertebral Processes, 

By Professor A. Macalister, LL.D,^ F,R,S, 

The application of this term in the description of the several regions of the 
human spine is unsatisfactory, and tlie author has endeavoured to determine, by 
embryological evidence, the morphological relations of the several parts of the 
neural arch. The factors which cause the differentiation are the juxtaposition of 
the rib and the variable relations of the arch to the surrounding muscles. 


3. A Note on th^. Third Occipital Condyle. 

By Professor A. Macalister, Jf.Z)., LL.D.^ F.R.S. 

There are two structures confused under this name — one a mesial ossification 
in the sheath of the notochord, and the second a lateral, usually paired, form of 
process, caused by the deficituicy of the mesial ])art of the hypocliordal element of 
the hindmost occipital vertebra, with thickening of the lateral portion of the arch. 


6. Notes on a JInrtian Shill found hi Pent in Bed of the Rh^er Orwell^ 
Ipstoick, By Miss Nina F. La yard. 

This skull was obtained in January last from the captain of a dredger employed 
(»n the river Orwell at Ipswicli. It was found when deepening the channel in 
May of last year. After working out the overlying mud a bed of peat was 
readied. This was in such a dry condition that it choked the machinery. Aa 
nearly as could l>e estimated, the skull w'os found em1x?dded in the peat at a depth 
of ubr)ut 4 feet. After toeing dredged up it was rescutMi by the captain, and for 
nine months remaint‘d hoisted on a pole in the dredger, exposed to the wind and 
weather. The skull was very black when first found, but in course of time 
became bleached. Some oil dropping upon it from the machinery above gave it 
its present brown appearance. C)ne side of the skidl is much worn away by 
e.xposiin* to tlu^ air and moi.stun*, wdiile the other side is almost perfect. 

In February last the w'riter presented the skull, wliich was exhibited, to the 
Rovnl t’ollege of Surgeons, and Professor Stewart has made the following 
measurements: (\, o.JO; L.. 188 ; B, 140; Bi., 743 ; II., 133; Hi., 707 ; B.N., 
101 ; Ow., .37; Oh., 20; Oi., 784; Ca.. 1,570. 


7. Interim Report of the Committee on AnthropoJogienl Teaching. 


8. Interim Report of the Committee on the Preservation and Registration 
of Photographs of Anthropological Interest 


1901. 


3p 
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Fill BAY, SEPTEMBFR 13. 

The following Papers and Reports were read : — 

1» Notes on the Excavation of an ancient Kitchen Midden recently 

discovered on the St, Ford Links^ near Elie^ Fife, By Robert 
Munro, M , D ,^ 

After narrating the circumstances which led to the discovery of the midden, 
and describing the details of its subsequent excavation by the proprietor, 
W. Baird, Esq., the author proceeds to give a description of the relics, pointing 
out their analogy to other Scottish remains, and concludes by briefly stating some 
of the conclusions suggested by the archjeological facts recorded. The points of 
interest may be thus summarised : — 

(1) The midden was composed of a bed of dark earthy matter, about two feet 
thick, containing ashes, charcoal, decayed bones and horns of various domestic and 
wild animals, a few sea-shells, and some relics of human occupancy. It lay over 
a bed of fine sand, within the twenty-five feet raised beach, and at a depth of from 
two to five feet beneath a grassy mound ( formerly a sand-dune). Its shape was 
oblong, some sixteen paces in length (north to south) by eleven in breadth, and 
its margins were precisely, sometimes abruptly, defined from the iiii- ii!.liii_r 
blown sand. 

(2) The chief relics are two ornamental toilet combs (fragmentary), a bone 
spindle-whorl turned on the lathe, a few bone pens and implements of deer.horn, a 
curious vessel made from the leg bone of an ox, an eel-spear-head, and a chisel of 
iron, a small portion of thin bronze, and two fragments of a flat dish of ‘ false 
Samian * ware. 

(3) From a comparison of these relics with some of those found on the Scottish 
Crannogs the autjior dates the midden and its makers, approximately, to the 
eighth century, and gives reasons for supposing that it was the site of a wooden 
house. 

(4) The presence of an unusually large number of water-worn pebbles which 
had been subjected to fire, together with the absence of culinary pottery, querns, 
and hammer-stones, suggest that the occupants were not agriculturists, but 
pastorals and hunters, who cooked their meat in wooden dishes, boiling water by 
means of stones previously made red-hot in an open fire. 

(6) The osseous remains were very abundant, but greatly decayed. Among the 
animals represented by them the following were identified by Dr. R. Traquair, 
F.R.S., viz. — ox (two varieties, one being the longifrons), sheep, pig, horse, fox, 
dog, red- and roe-deer, three portions of bones of some species of whale, one of 
which showed the marks of a sharp axe. 


2. Report on the Excavations of the Roman City at Silchester, 
See Reports, p. 425. 


3. Excavations at Ardoch, By J. H. Cunningham, Sec,S,A,ScoL 

This pawr, after a brief description of the earthworks at the Roman station of 
Ardoch, m JPerthshire, gives an account of the excavations which were carried on 
there in 1806-97 by the Scottish Society of Antiquaries. The following were the 
chief results obtained in the course of the operations ; (1) The structure of the 
main rampart resembled that of the Antonine * Wall.* (2) Fragments of charcoal 

‘ This paper will be published in the Proceedings of the Society of Antiquaries 
for Scotlcmd (1900-1901). 
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and pottery were generally found in a layer about thirty inches below the surf^e, 
and about the same height a^ve causeway and gravelled surfaces, thus indicating 
two occupations. (3) From traces of wooden piles systematically placed in rows 
it was inferred that the structures wnthin the main rampart had been made of 
wood, and had been laid out on a ground plan similar to that found in other 
camps. (4) About seventy doubly conical pellets of burnt clay, supposed to have 
been made red-hot and thrown into the lamp to set fire to the buildings, were 
collected throughout the site. (5) The relics were on the whole similar to those 
found on other Roman sites, but the fragments of sculptured or inscribed stones 
were few and unimportant, and the bulk of the pottery consisted of pieces of large 
vessels used for kitchen service, fragments of the liner vessels being decidedly 
scarce. (6) The small mounds, generally known as the * prictorium,’ were shown 
to belong to a medimval chapel, probably built not earlier than 1400 a.i). The 
excavations are fully described in the ^ Proceedings of the Society of Antiquaries 
for Scotland,’ vol. xxxii. 18t)7“08. 


4 . Excavations at the Romnn Camp at Inchtnthlll, ui Perthshirp. 
Jhj Thomas Ross, F.S.A.Scot. 


Inchtuthill Roman Pamp, Perthshire, is situated on the north bank of the Tay, 
about six miles dowm the river from Dunkeld, in the parish of Caputh, the 


nearest railway station being ^lurtbly. 

Inclituthill is a plateau elevated about 00 ft'et above the surrounding low- 
lying Reids, which at no distant date were probably covered with water. The Inch 
is of a triangular shape, about one mile from east to west by about three-quarters 
of a mile from north to south. About three-fourths of its area is cut ofl from the 
camp by a rampart and ditch. The camp, situated in front of J)elvine House, is 
square and occuj)ies an area of fully fifty acres. 

It is defended by a single rampart and ditch, and on the south the rampart is 
double. On the north the defence is the steep bank of GO feet, hour circular 
ovens were found in the east ditch. 

The ria pnncipalix leads through the centre of the camp and down to the 
river on one side, and to the edge of the bank at the other. Ihere is a south 
gate. 

At a distance of about 130 yards eastwards there is a smaller camp over- 
looking the river, defended on three sides by a rampart and ditch. It extends to 
about tire acres. No gateway or entrance w'as loinui. 

A destroyed work defending the via principalis was found near the river. 

In the south-east side of the Inch very complete remains of baths v^ere lound, 
with two brick-built bypocausts and a stokerj^ ; one cold-water bath, 1:? teet by 
7 feet, with steps and lead pipe?’// sifn : liot air Hue; cement floors, one showing 
indications of lia\iiig been tiled ; various cliambers, with four circular apses. 

At the extreme south-west horn of the Inch there is a very strong fort, 
exUuiding to about thret^ acres, of which space more than one-half is taken up bv 
tlie defences. These are against the camp, and consist of five parallel rows of 
ditches and ramparts of uncommon depth and height. This is probably a native 


The * finds’ consisted of the usual Roman pottery bricks, tiles, lumps of lead, 
a leaden ring 4J inches by inches, one Roman coin, and in the fort a rough 
sooty stone hearth, &c. 

The work connected with the exploration of the camp has been earned out 
under the direction and care of the Society of Antiquaries of Scotland, and the 
expense of the undertaking lias been generously borne b) the lion. John Aber- 

Ini^tuthill is part of the estate of Delvine^the property of Sir Alexander Muir 
Mackenzie, Bart., to whom we are greatly indebted for so kindly granting per- 
mission to make the excavations, and also for the great personal interest he has 
taken in tlie work. 



792 


REPORT — 1901. 


5, External Circumstances hearing on the Age of Ogham Writing in 
Ireland} By R. A. S. Macalister. 

The question whether Ogham writing is of Christian or Pagan origin is not yet 
settled. There are, however, some monuments whose situations or special 
characteristics seem to have a bearing on the problem. Such are the stone at 
Glenfahan, Co. Kerry, which though itself Christian bears what seems to be a 
non-Christian occult formula of some sort; certain monuments found associated 
with tumuli, stone circles, and alignments ; and a recently discovered stone at 
Promlusk, Co. Kerry, which displays apparently non-Christian symbolism. 


6. Report on Explorations in Crete . — See Reports, p. 440. 


7. The Neolithic Settlement at Knossos and its Place in the History of 

Early JIgean Culture, By Arthur J. Evans, J/.A., LL,D.^ F.R.S. 

The bill of Kephala at Knossos, which contained the remains of the Palace of 
Minos and early houses going back to the pre-Mycenaian or Kamiires period of ( ’rete, 
proves to have been the scene of a much earlier and very extensive Neolithic settlement. 
The exploration of this by the author, in addition to the work on the later remains 
of the ^ Minoan ’ Palace, has been greatly aided by the grant from tht* Association 
in 1900. The remains were contained in a stratum of light clay underlying the 
later prehistoric buildings, and which seems to have been formed by the disinte- 
gration of successive generations of wattle and daub huts and their clay platforms. 
This clay stratum, which had been a good deal re-ustxi for later foundations, showed 
a mean thickness on the top of the hill of about five metres. In some places it was 
over seven metres thick, and went down to a depth of about ten metres btdow the 
surface. It contained an abundance of primitive dark hand-made pottery, often 
punctuated and incised, and with white chalky u rarely chrome- 

coloured. The ornamentation was angular and of '■ \ ■ d- '.’..i;. :■ 8tone imple- 

ments abounded of greenstone, serpentine, diorite, liinmatite, jadeitt*, and other 
materials. Among these were over 800 celts or axes, besides chiseh*^, adzes, 
hammers, and other implements. The most characteristic implements, liowevor, 
were the stone maces, the occurrence of which was especially important ns bringing 
the Cretan Stone age into near relation with that of Anatolia — and indeed of 
Western Asia in general — where, as in the early deposits of Paby Ionia, stone 
maces formed a marked feature. This characteristic was shared by pre-dynastic 
and proto-dynastic Egypt. Another interesting feature among the rfmiains were 
the small human images of clsy and marble which supplied the ancestors and 
prototypes of the stone images found in the early Metal-age deposits of Crete and 
the Cyclades.*^ Their Anatolian analogies were pointed out, and reasons were 
adduced for their ultimate derivat ion, through intermediate types, from clay figures 
of a Babylonian Mother-Goddess, such as those lately found in the vi'ry ancient 
deposits at Nippur, 

The Neolithic settlement of Knossos was the first settlement of that period yet 
explored in the Greek world, and iu many ways threw an entirely new light on 
the beginning of civilisation in that area. The contents showed a marked contrast 
to the earliest Metal-age remains, such as those from tlie deposit of llagios Omiphrios 
in Crete, the date of which was approximately fixed by their association with Egyptian 
relics and the indigenous copies of them from 2800 to 2200 b.c. There were 
here no later vase-forms of the high-necked and spouted class, no traces of painted 
pottery or metal, and no single example of the spiraliform decoration which in the 
early Metal-age deposits is found fully developed. This negative phenomenon 
strongly weighed in favour of the view that the /Egean spiral system was introduced 

* To be published more fully in Man, 1902. 

* Figured in Man, 1901, p. 146. 
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during this later period with other decorative types from the Egypt of the Middle 
Kinf 2 ;dom, where it had nlready attained a hipfh development. 

The Neolithic stratum of Knossos itself actually underlay Ifwter buildings 
belonging to three distinct prehistoric classes : — 

1. The ^ Kamares/ or Early Metal age Period of Crete, illust rated by the con- 

tents of some of the earlier houses. The painted pottery in these was in some 
cases a mere translation into colour of the incised and punctuated Neolithic designs. 
This period is •! :>!••■ djiS d from the relics found in the Ilagios Onuphrios 

deposit and the < va-- i::- found in Egypt in a Xllth Dynasty associa- 

tion from c. 2H00 to 22vX) n.c. 

2. 1'he Transitional Period, between the ^ Kaimires ’ age and the Mycenaean. It 
is probable that the earliest elements of tlie Palace itself belong to this period, 
including an Egyptian monument ascribed to the close of the Xllth or Early 
XII Ith Dynasty, c. 2000 n.c. 

8. The Mycenaean Period proper, the flourishing epoch of which is approxi- 
mately fixed by the correspondence of some of the wall paintings with those 
representing the Keftiii on Egyptian tombs, c. 1550 B.c. 

Considering the distinct gap in development which still separates the latest 
elements of the culture represented by the Neolithic stratum of Knossos from the 
fully developed Kamiires style, it would be rash to bring down the lowest limits of 
the settlement later than al)out 5000 n.c. On the other hand, the great depth of 
the deposit must carry its higher limit back to a very much more remote date. 
The continued exploration of the Neolithic remains of Knossos is necessary for the 
full (ducidation of many of the problems suggested by these discoveries. 

8. Explor(itio)iH at Zahro In Eto^fern Ch te. lUj D. G. Hogarth, M.A. 

The excavation at Zakro in Ihist Oete has been concluded so recently that I 
must confine mymdf to a plain statement of the raw material rendered available 
for study thereby. In estimating the final result it will be necessary to take 
account of positive and negative evidence, not yet to hand from two other East 
Cretan sites, lately excavated, Praesos and Gorynia. Zakro lies in the south- 
eastern angle of the island, and Avas chosen for research because it falls in the 
Eteocretan countrv, ancicmtly reputed t<> be irdiabited by aborigines, and Ix^cause 
its safe bav must always have been a main port of ('all for craft sailing betw'een th(^ 
.Egean coasts and Africa. The small plain ()f Zakro, entirely hemmed in by rugged 
hills, is full of early remains, beginning in the later pre-Mycenaian period and 
ending witli the close of the age of bronze. No implements of iron were found in 
it at all, and no Hellenic pottery. The town, therefore, owed its existence to a com- 
m( 3 rce which c(*ased or passed ('Isewliere from the Geometric age onward. J he 
earliest settlement was on a rugged spur; and although almost all trace of its 
structures have disappeared, it Inas left abundant evidence of itself in the contents 
(^f a pit about eighteen fe(‘t dci'p. ^^I his wuis found half-full of broken \as(‘s in 
stone and clay, largely of the singular ‘ Kannires ' class, not previously found in 
East('rn Crete. ThcvSe, however, are mainly of a highly developed technique, and 
their commonest schenn'S of ornament reappear unchanged on vastvs of distinctively 
* Mycenaean ’ fabric. In fact, Kannires shapes and decoration are moni closely 
related to Myceiiiean at Zakro than had ht'en suspected. But the abstuice ot both 
neolithic antecedents and the earlier kinds of painted ware irenn this site suggests 
that its civilisation did not dov(‘lop on t he spot, but was brought by colonists, 
perhaps partly Cretan, partly foreign. The fine quality of ware in this pit and the 
fact that, though of various periods, it was apparently all thrown in at oncj 
moment leads me to suspect that the pit contained the clearings of an early 
shrine. 

At a later period the settlement extended ovtT a low’er spur nearer the sea, 
and there very massive and large houses were erected and inhabited till the verge 
of the Geometric period. Their outer walls are Cyclopean, but their inner parti- 
tions are of bricks of unusual size. Complete plans were obtained of two of the 
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largest houses ; and parts of several others were explored, including the lower por- 
tion of what was probably the residence of the local chief or governor. These 
yielded a great deal of pottery, ranging from the acme of the Myceiuean period 
to its close, and the types furnish a better criterion of date than we have possessed 
hitherto in Crete. Niiinerous bronze implements were found, but these yield in 
interest to those from Gory nia. Two tablets in the linear ^Cretan’ script show 
that this system was known, tliough probably little used, and not indigenous, in East 
Crete, None were found couched in the pictograpbic system so often represented 
on East Cretan gems. Penally a hoard of 600 clay impressions of lost signet 
gems was brought to light. These display 160 different types and afford a price- 
less record of Mycena?an glyptic art and religious symbolism. Monstrous combina- 
tions of human and bestial forms occur in great variety, half a dozen, which are 
bull-beaded, suggesting varieties of the Minotaur type. The comparison of all this 
mass of new material with the symbols of Egyptian, Mesopotamian, and other cults, 
which cannot fail to be fruitful, has yet to be made. Cist burials were discovered 
in caves farther inland, whose grave furniture seems to sup])ort certain negative 
evidence obtained in the Upper Zakro district and at Praesos, in showing that the 
aboriginal civilisation of East Crete was independent of both the ‘ Kamares ^ find 
MyceuKiHii civilisations. If these last were foreign to tlie Eteocretan country, it 
seems improbable that the Plteocretan language, as represented by tlie Praesos 
inscriptions, will prove to be that expressed by the linear script on the Knossian 
tablets ; and the hope that these will be deciphered becomes fainter. 


9. Some Reitults of Recent Excavations in Palest ine. 

By R. A. S. Macalister. 

Excavations have been carried out by the Palestine Exploration Phiud at Toll 
Zakariya, Tell es-8ati, Tell ej-Judeideb, and Tell Sandahannah, in the west of 
Judma, during the hast two years. Kemaius extending over a space of time of 
some fifteen centuries have been unearthed, divisible into two well-defined 
pre-Israelite periods, and also the Jewish, Seleucidan, and Roman periods The 
general result has been to throw considerable light on various (questions respecting 
the civilisation and religion of the inhabitants at different times. 

The great caves of Bet .Tibrin and its neiglibourliood have also been system- 
atically explored, and some light shed on the ])roblem of their origin and ])urpose. 


SAT UR DA r, SEPTEMBER 14. 
The Section did not meet ♦ 


MOXJJA SEPTEMBER Kj. 

The following Report and l*apers were rend : — 

L Report on the Age of Stone Circles . — See Reports, p. 427. 


2. On the Chronology of the Stone Age of Afan^ with especial Reference to 
his Co-existence with an Ice Age.^ By W, Allen Sturge, M.D. 


‘ To )je published in Man, 1902. 



TRAXSACtlOXS OF SECTION H. 


795 


3. Naturally Chipped Flints for Comparison with certain Forms 
of alleged Artificial Chipping. By G. Coffey. 

The author exhibited a series of flints from the Larne raised beach and other 
beaches on the north coav^t of Ireland showing the manner in which chipping is 
effected in the action of the waves. Some of the chipping was quite fresh, 
probably done by a recent gale, and admirably illustrated the chipping on older 
flints. He compared the chipping with that on fragments of flint from river- 
drill gravels at Bedford and with the chipping of the < Plateaux flints/ and 
contended that the evidence pointed to the same or a similar cause in both cases. 


4. Prehistoric Man in the Island of Arran.^ By Eben. Duncan, M.D.y 
Thomas H. Bryce, M.A., M.D. 

The island of Arran has many sepulchral memorials of its prehistoric in- 
habitants, but save the stone circles on Manchrie Moor, explored by James Bryce, 
LL.I)., in 1861, none seems to have been examined except by the casual antiquary 
or reclaiming agriculturist. 

In 1896 Dr. Duncan explored a cairn at Torlin, and found a skull, dolicho- 
cephalic in its proportious, and a number of bones, but no implements or potteiy’ 
to tix the age of the interment. On his invitation Dr. Bryce joined him in a more 
exhaustive examination last summer, after he had obtained the sanction of the 
factor, J. Auldjo Jameson, Esq,, W.S. Daring the spring and summer of this 
year by aid of a grant from the Royal Society of Antiquaries of Scotland Dr. Bryce 
made a considerable series of further explorations. The comparative results of the 
whole series of investigations may be summed up in the tabular statement annexed. 

The table shows that the mere presence of stone implements affords no 
test of the archneological horizon, but that the pottery founa in what have been 
called ^ Megalithic cists serially arranged’ clearly distinguishes these structures as 
of earlier age than the short cists either in cairns or circles, and one may with fair 
certainty affirm that the interments discovered in them belong to a race still in 
the stage of Neolithic culture. 

Only atClachaig and Torlin were human bones discovered in such preservation 
ns to permit of examination. At Sliddery and Shiskin all traces of the interment 
had disappeart^d, but in spite of a large amount of wood charcoal found, the absence 
of any trace of burnt bone makes it probable that the interments in these cists also 
were by inhumation. 

Each large cist contained the huddled remains of six to ten individuals of both 
sexes and all ages, from the infant to the aged person. JTie bones lay in chaos in 
the corners at different levels, suggesting either that the bodies were dismembered 
before burial, or that they were placed in a sitting iittitude in the corners so that 
wh(‘n the soft parts fell away the bones collapsed in confused heaps. 

The long bones recovered W(‘re much broken. No male femur is entire, but 
making allowance for the ahstuit lower end one bone gives a proportionate stature 
of o ft. 4 in. The bones taken to be female are remarkable for their shortness and 
slenderness. Two (Uitire femora made the stature 4 ft. 10 in. All the male 
femora are platymeric, and have a prominent lima aspera ; all the tibim more or 
lessplatycnemic. 

The .skulls — three male, one female — and three calvaria, of doubtful sex, are of 
the aame general type. They are of large capacity, of gently curved contour, 
with slightly markea glabella and supraciliary ridges. The form is elongated ; 
the sides are flattened, with slightly marked parietal eminences ; the occiput is 
round and prominent to a marked degree ; the outline in the norma occipitalis is 
pentagonal, with elevated sagittal suture and roof fairly sharply sloping to join 
the vertical sides. In the norma verticalis the zygomatic arches just show, and 
the shape is either ellipsoidal or ovoid. 

* To be published in full : the arch.'eological evidence in Proc. S(fc. Ant. Scot, 
the anthropometry in Jonrn. Anthrop. /rnt.^ xxxii. 
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The cephalic indices of the whole specimens are 66*6, 70,75, and 75*6, so that 
two belong to the dolichocephalic group, two to the lowest term of the mesati- 
cephalic group ; the three calvaria unquestionably belong to the same series. 

The face is orthognathous and leptoproeopic in the male, charaseoprosopic in 
the female skull. The nose is leptorhine in two, mesorhine in two, the orbits micro- 
seme in all. The mandible has a well-marked chin and moderately marked 
angle. The teeth are moderate and much worn on the crowns. 

'rhese skulls are in distinct contrast to the specimen discovered by Dr. James 
Bryce in the stone circle on Manchrie Moor. It is not sutficiently entire for 
measurement, but to the eye in the norma verticalis the breadth bears a consider- 
ably larger proportion to the length than in the skulls discovered by us. 

Thus in the * Megalithic cists serially arranged ’ in Arran individuals of a race 
were interred witli anatomical characters closely resembling those of the long 
barrows in England, and two of the specimens exactly realise Wilson's description 
of a kumbecephalic skull. 

5. Tha Bonea of Hen Nekkt.^ By Charles S. Myers, M,A, 

lien Nekht is the earliest king of whom the remains have been found. He 
reiLii!(‘d uv-. r I'gypt during the third dynasty, about 4(l0()n.c. Mr. John Garstang, 
who di«C()v“r»'d the tomb last season, asked me to undertake the measurement 
and description of the bones. I am indebted to him for permission to give the 
British Association my results to-day, before they are more fully incorporated in 
the olficial report of hia excavations, which is to be published by the Egyptian 
Research Account. The lx)ne.s recovered are the skull, the tibiae, a left humerus, 
left femur, left clavicle, broken fibuhe, pelvis, and scapuke. The vertebrae and 
fragments of other bones were not brought away. 

The skull is extraordinarily massive and capacious. The cranial length- 
breadth index is 70*6, tlie nasal index 51*0, the orbital index S2*2. The face seems 
orthognathous. Tln^ long bones rellect the character of the skull. They are 
remarkably long and strongly ridged. 

The bones are those of an unusually tall man. The coellicients, however, for 
determining stature from the length of the long bones ditfer considerably in indivi- 
duals as well as in races. Tin* height of lien Nekht may probably be estimated at 
1,870 millimetres. Such a stature would very likely have been considered gigantic 
by the king’s historians. 

Manetho records as the last two kings of the second dynasty Sesochris and 
Cheueres, whose reigns amounted to seventy -eight years. Eratosthenes, another 
historian, after apparently omitting the .'iecond dynasty, places Momcheiri, 
reigning seventy-nine years, as head of the Memphite dynasty. Possibly 

Sesochris and Cheneres were one and the same king, to whom Eratosthenes gave 
the name of Momcheiri. ^lanctho describes Sesochris as affiant Jive cubit $ in 
Imght and three palm^ [in breadth — omitted in one of the texts]. Eratosthenes 
describes Momcheiri as Trffua-aoixtXTi^ and as a Memphite. A marked discrepancy' 
occurs in all lists between the close of the second Thinite and the opening of the 
third or Memphite dynasty. IVssibly with the introduction of stone buildings 
and pyramids, and with the change of the seat of government from This to 
Alemphis, a new ruling race arose at Memphis with the third dynasty, of whose 
kings, one, tall among his own people, was reckoned a giant by hia Egyptian 
subjects. 

Whether or not lien Nekht, Momcheiri, and Sesochris are identical may be 
disputed, but there can be little doubt that the stature of the last has been 
exaggerated by Manetho. 

The features of Hen Nekht’s skull agree far closer with those of the dynastic 
than with those of the prehistoric times, according to Mr. Randall -MaclvePs 
measurements. 

The proportions borne by the long bones of Hen Nekht to one another and 
' Published more fully in Man^ 1901, No. 127. 
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to his probable stature correspond more nearly with those observed in Negro than 
in European skeletons. Similar measurements made on a number of skeletons of 
the prehistoric and early empire period show in most cases the same correspond- 
ence. But further research is here necessary. 


6. Valiiolithic Implement loith alleged Thong-marks. 

By Miss Nina F. Layahd. 

This fine Palseolithic hatchet was found in Lcvington Road, Ipswich, at a 
depth of about five feet. In the natural depressions of the flint the original 
surface of the nodule escaped being worked away when the hatchet was shaped, 
leaving a rough surface. This surface consists of more than one layer, the outer- 
most of which appears to have been removed by friction. 


7. On a Piece of Yeiv from the Forest Bed on the East Coast of England^ 
apparently cut by Man, By F. D. Longe. 

This object was found by the author with other pieces of yew in a section of 
clift’ exposed after a high tide in the Kessingland Freshwater lied, bdongiug to 
the Cromer Forest Bed Series. Some days afterwards, in cleaning the piece of ye\v, 
he discovered two oblique cuts upon it, made by some implement much sharper 
and thinner than the large manufactured instruments (Paleolithic or Neolithic) 
with Avliich Ave are familiar, lie belicv'es that the circumstances exclude the idea 
that these cuts are of recent origin. 


8. Exhibition of Mannjactnred Objects from Irish Caves, 
By G. Coffey. 


9. On the Tt utporary Fissures of the JIuoioai Cerebral Hemispheres^ with 
Observations on the Develojnmnt of the Hippocam 2 )al Fissure and 
Hippocampal Formation, iiy Professor J. Symington, M.D.j Queen's 
College^ Belfast, 

This paper discussed the views recently publislied by Hochstetter, who main- 
tains that tlie so-called temporary or transitory fissures of the human cerebral 
hemispheres, Avhich have been described by so many anatomists as existing 
towards the end of the thiixl and during th(* fourth months of fcetal life, are not 
present in the fresh brain, but are the products of commencing maceration and 
putrefication. Professsor Symington admitted that the fn?quencv of the occur- 
rence and the depth of these fissures had been exaggerated, but he slunved a 
number of photographs of specimens, botli macroscopic and microscopic, in support 
of the view that they did occur in Avell-preserved material. lie admitted, 
howcA’er, that the arcuate fissure, even if not an artificial product, had no 
morphological significance, and that its posterior part had nothing to do with the 
hippocampal fissure. He also exhibited a series of sections of th(‘ brain of a 
human foetus in which the hippocampal fissure and the hippocampal formation 
could be traced from near the temporal pole of the hemisphere ujiwurds and 
forwards toAvards tlfe frontal end of the brain dorsal to the developing transverse 
commissures. 

Attention Avas directed to the interest of these facts in connection with the 
position of the hippocampal fissure and formation in the marsiipialia and inono- 
tremata where they occupy a similar position throughout life. These observations 
also support the opinion, hitherto based mainly on comparative anatomy, that the 
rudimeutarA^ grey and white matter existing on the dorsal aspect of the adult 
human corpus callosum is the remains of a hippocampal formation. 
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10. On Su]yra~8ternal Bones in tJte Hitman Subject 
By Principal Mackay, M,D.j LL,D, 


1 1 . The Frequency and Pigmentation Value of Surnames of School Children 
in East Aberdeenshire, By J. F. Tocher, FJ.G.y and J. Gray, B.Sc, 

In the course of a pigmentation survey carried out by us in East Aberdeen- 
shire in 1896 and 1897 we obtained the statistics of the surnames and pigmentation 
of 14,561 i ii-ae* - the ^vhole) school children iliere. An analysis of the 
physical characteristics apart from the surnames has already been published.^ 
The present paper deals with the distribution of the frequencies of surnames and 
tlieir correlation with pigmentation. AVe have found that among the 14^561 
children there are 751 different surnames. The frequency of these surnames 
varies between 1 and 267, Milne lieing the most frequent, the next in order being 
Smith, Taylor, Stephen, and Bruce. If the surnames are arranged in order of 
frequency a curve representing the frequency takes the form roughly of a 
rectangular hyperbola. The distribution of surnames is very unequal: for 
example, onedialf of the population lias to he content with 12^ per cent, of the 
surnames, while one-half of the surnames is monopolised by 950 persons. 
Hereditary surnames were not in common use in Scotland until the thirteenth and 
fourteenth centuries. There is a presumption, therefore, that the present pos- 
sessors of surnames inherit some of the physical characteristics of ancestors of that 
date. It becomes necessary to investigate the origin of sumaines. AVe have divided 
them broadly into two classes: (1) J^owland, including names of Anglo-Saxon, 
Norman, and Scandinavian origin; (2) Highland, including names derived from 
the names of Highland clans. Of the 7ol surnames, sixty-three were Highland, 
representing l.‘l 14 per cent, of the population. It is interesting to note that in 
a previous investigation we came to the conclusion, from an analysis of the 
measurements of the adult population, that the Highland element was present to 
tlie extent of 14 per cent, in l^ast Aberdeenshire. AVe have calculated the 
pigmentation value of the hair and eyes for the lifty-nlne most frequent surnames, 
and arranged them in series according to pigmentation. AVe find that there is a wide 
variability in the pigmentation of diffi'rent surnames, pointing to the conclusion 
that aept.s or clans, as rejiresented by surnames, tend to retain distinct physical 
characteristics. Amongst the darkest in the series \ve find surnames comipon in 
fishing communities. This supports the tradition that the fisliiug population on 
tlie east coast of Scotland is of Ikdgiaii origin, since the Belgians are the darkest 
people of Northern Europe. We find that the pigmentation of Highland 
surnames corresponds closely witli the pigmentation in their districts of origin. 
An example of this is seen in the blond Frasers, liaving their origin in the blond 
Inverness district, and dark Robertsons and Gordons in dark Perthshire and AVest 
Aberdeenshire. The surnames of AVallace, Pirie, Grant, Park, and Birnie, we 
find, Iiave strong blond tendencies, while the surnames of Gordiner, Criiickshank, 
Stephen, Strachan, Buchan, l^atensoii, and Whvtc arc darkest in our list. The 
surnames having tlie largest percentage of red liair are Rennie, Scott, Grant, and 
Thomson, and thos(3 having the least percentage are Johnston, AValker, Burnett, 
Forbes, and AVatson. 

The validity of these conclusions (le|>ends on 'wliether they are confirmed by 
a complete survey of the whole of Scotland, which, we hope, may be carried out 
at an early dale. 


' Jtnirn. Atiihroy. Inst . vol. xxx. pp. 101-125. 
^ 8co Brit. lime, liejport^ Bradford, 1900. 
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TUESDAY, SEPTEMBER 17. 

The following Papers and Reports were read : — 

1. On the Functions of the Afaternal Uncle in Torres Straits, 

By W. H. R. Rivers, M.D, 

In the western tribes of Torres Straits descent is at the present time strictly 
paternal, and yet customs exist among these people which show that in some respects 
the relationship between maternal uncle and nephew is regarded as nearer than that 
between father and son. The system of kinship is of the kind known as ‘classifi- 
catory/ and the customs to be described apply not only to the brotliers of the 
mother, in the strict sense, but to all those males of the clan of the same genera- 
tion as the mother whom the latter would call brother. 

A man will cease fighting at once when told to do so by his maternal uncle. 
The power of the uncle is so great that a fight between the natives of two hostile 
islands (Mabuiag and Moa) might be stopped if a man on one side saw his sister s 
son among his enemies. 

This power of stopping a fight is not po.sses8ed to the same extent by the hither 
or mother, and a man may continue to fight even afier tlu^ father or mother has 
given certain indications of the nearness of the bond between them and the son. 
The maternal uncle, on the other hand, stops a fight by a mere word. 

The brother-in-law {^mi) has also the power of stopping a fight, but in this 
case it is the duty of the man who has been stop])ed to make a present to the 
brother-in-law. Iso such present is made to the unch*. 

Another indication of the closeness of the relationship between maternal uncle 
and nephew is that the latter may take, lose, spoil, or destroy anything belonging 
to his uncle (eveij a new canoe, probably the most valuable possession a man can 
have) without a word of reproach from the latter. 1 was told that, even if the 
nephew was quite a small boy, he could do what he liked in his uncle’s house 
could break or spoil any of his uncle’s property and the uncle would say nothing. 

As a boy grew up ho went about more with his uncle than with his father, 
and I was told that he cared more for his uncle. At the ceremonies connected 
with the initiation of the boy into manhood, it was the maternal uncles who had 
e8])ecial care and complete control of the boy, and imparted to him the traditions 
and institutions of the tribe. When the boy married, the father provided the 
necessary presents ; but the actual payment wa.s made by the maternal uncle, to 
whom the presents were given by the. boy’s father. 

One point of interest in these customs is that they are found in a tribe in 
which descent is now paternal, and must probably be regarded as vestiges of a 
previous condition in which descent was maternal, and the brothers of the mother 
were regarded as nearer kin than the father. 

Another point of more special interest is to be found in the similarity between 
one of these customs and the ‘ vasu’ institution of Fiji. This institution, which 
has been spoken of as the ‘ keynote of Fijian despotism,’ may be regarded as an 
extreme development of the custom which in Torres Straits permits a nephew to 
take anything belonging to his maternal uncle. In Fiji this custom has growm to 
such an extent that the nephew of a king may be * va.su ’ to all his uncle’s subjects, 
and may, with impunity, despoil his uncle’s subjects of all their most valued 
possessions. 


2. On the Functions of the Son-in-Law and Br other -in- Lav) in 
Torres Straits, By W. H. K. Rivers, M,D, 

In both the eastern and western tribes of Torres Straits, as in so many parts 
of the world, a man is not allowed to utter the names of his wife’s relatives. He 
does not speak to his father-in-law, and carries out any necessary communication 
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through bis wife. If, for any reason, it should become necessary to speak to his 
father-in-law, he talks in a low voice and mild manner. 

In the western tribe this disability is associated with certain duties and privi- 
leges. The brother-in-law has the power of stopping a fight, but apparently not to 
80 marked an extent as in the case of the maternal uncle. 

When a man dies the d\ity of looking after the body and the mourners falls 
largely on the brother-in-law (nni). If the man has died away from home it is the 
duty of the * imi ’ to announce the death to the widow and brothers of the deceased, and 
the * irai ’ gives the signal for the crying * keening ’ to commence, lie prepares the 
body and carries it to the grave. He stops the crying, gives food to the mourners, 
and fills the pipe of the brother of the dead man. If no brother-in-law is present 
these duties devolve on the father in-law (*>«), or, if no ‘ ira ' is present, on the 
sister-in-law (n^aubat). Owing, however, to the large niimbcjr of brothers-in-law 
provided by the classificatory system of kinship, this rarely happens. 

The brother-in-law has also definite duties in connection with fishing, and has 
a definite place, in the fore part of the canoe. It is his duty to hoist the sail, to 
heave the iinchor, to bale out water, to light tlie lire and prepare food, and to 
spear the dugong or turtle. He has, in fact, to do all the hard work, while the 
owner or captain of the boat has little to do beyond giving orders. In special 
kinds of fishing, as in that in wliich the sucking fish is used —of which T)»*. Iladdon 
has given an account — certain of th(‘ operatii)ns are carried out by the brother- 
in-law. 

At a dance a man does not wear his own mask [kra) but that of his brother- 
in-law. 

It Sf'ems probable that the.se customs may be regarded as vestiges of a condi- 
tion which does not now exist in Torres Straits, but is found in many parts of the 
world, viz., a condition in which a man lives with and serves the family of his 
wife. 

These customs, and tho.se connected with the maternal uncle, agree in pointing 
to the (‘xis^ence. at some time, in Torres Straits of a stage in the development of 
the family in widen the husband w'as a rtdatively unimportant appendage, and the 
head of the family was the brother of the wdfe ; a stage of development which is 
still to be found in some parts of the world, as among the Seri Indians, recently 
investigated by McGee. 

[Tlie full account of this and the preceding Paper will he published in the 
Iteporf of the Canibridpe Anthropolopival Expedition to Torres 


3. Some Eniotiovs in the J\fnrra7/ Inlander. B]f Chahlks S. Myers. 

A Ixdief is widely spread that in the degree of their control over the impulses 
of their emotions lies the essential diiVerenco betwet'ii the civilised and uncivilised 
mind, and that the emotions of a savage are accordingly a series of powerful 
stimuli, directly and automatically releasing their appropriate actions wdthout the 
ellective intrusion of thought, reason, or self-consciousness. 

The writer’s experiences, as member of Dr. Haddon's Cambridge Anthropo- 
logical Expedition to the Torres Straits and Borneo, have led him to doubt 
whether such a view is particularly or even broadly true. He found that the 
general conduct of the Murray Islanders, an undoubtedly vivacious and excitable 
people, was comparable to that of other similarly emotional country folk, c.r/., the 
rural population of South Europe. He believes that such diflfereiices as exist are 
duo not so much to distinctive mental constitution as to the varying sanctions 
and customs of society. 

The intense excitement prevailing at the games of the Murray Islanders 
perhaps atoned for their remarkable disregard for orderly competition ; a feature 
which is perhaps to be connected with tlie feeble fighting powers and the social 
equality oi these people in the past. 

• See also Mem., 1901, pp. 136, 137. 
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Lack of concentration has been generally considered a characteristic of uncivil- 
ised races. Probably no conditions are more absorbing than the deeply rooted 
emotions of love, hatred, anger, and fear. Fear of his neighbour was' very 
common among the Murray Islanders. No human life, no crop of food, was 
ever lost save through the sorcery practised by some enemy thereon. Extra- 
ordinary mental depression, even death, is report^ to have followed an islander’s 
belief that some one had used magic against him. 

The feeling of shame was awakened under conditions which are astonishing to 
us. The birth of twins was a matter of great reproach both to the father and to 
the mother. Shame was likewise excited if a man mentioned the name of any of 
his wife’s relatives. 

Just as social custom in Murray Island encouraged the play of shame, so it 
appears to have lessened the force of parental affection. Infanticide used formerly 
to prevail. To this day the practice is retained of frequently giving away infants 
for adoption a few days after birth, so that they grow up ignorant of their true 
father and mother. 

So far as was noticed, the expression of the emotions in no way differed from 
what has been observed among Europeans. 

Certain psychological experiments demonstrated groat differences in tempera-, 
ment among the various islanders. 


4. Notes on Some Customs of the Fellahin of West Palestine, 

By R. A. 8. Macalister. 

The paper consists of brief notes on tatu, native feasts, marriage ceremonies, 
and other details in the daily life and customs of the Fellahin. 


5. Beport on the Ethnological Survey of Canada , — See Reports, p. 409, 

G, Dekanawidehy the Law-giver of the Caniengahahas} 

R/y John Ojijatekha Brant Skuo. 

The author, himself a Canadian Mohawk, discusses the significance of the name 
Iroquois, which he derives from l~ih : rongxoe : ‘ self ’ * genuine,’ ‘ real ’) ‘ man,’ 

in allusion to the boasted superiority of the Iroquois over their neighbours. He 
recounts the traditional origin of the ancient system of government still in use 
among the Six Nations of Canada, and the symbolic form in which it was banded 
down by its originator, Bekanaxcidek, Tlie purpose of the gens system and of 
the matriarchal element in the constitution i.s explained, and their practical 
workings are described. The paper concludes with an account of the symbolic 
forms of debate which are observed in the great tribal and grand Council, and 
with an estimate of the influence of these institutions upon the Mohawk ideals and 
character. 

7. The Tehuelche Indians of Patagonia, By Hesketii Prichard. 

The author describes the anthropological results of the ‘ Express ’ Expedition 
to Patagonia among the Tehuelche Indians, a nomad people living in toldos. 
Their physical characteristics, past history, and curious customs are de- 
scribed, with details of their marriage customs and of the position of women 
among them. The outlines of their religion are given, and their fear of the 
cordillera is discussed. A description of the Galichu follows. The native raethod.s 
of hunting, ^Man«co, and of training horses are detailed. The author examines 
the Tehuelches’ ideas of distance, and their attitude towards the white man, and 


‘ Published in full in Man, 1901, p. 131. 
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ooncludea by an account of theii* relations with the traders. A note is added on 
the native mode of burial. 

8. TJie Lengna Indians of the (/ran Chaco. By Seymour Hawtrey. 

The author describes the country and the distribution of the Len^ua Indians — 
their physical type, languap^e, social orErjini>a1ion, mode of life, industries and 
religion — and notes the etfects of contact with Paraguayan and European civilisa- 
tion. The paper will be published in full in the * Journal of the Anthropological 
Institute,* vol. xxxi. 

9. Report on the Skeat Expedition to the Malay Penimula, 

See Reports, p. 411. 


10. The Wild Tribes of the Malay Peninsula.^ By W. W. Skeat, M,A. 

1. The Malay Peninsula, its position in S.E. Asia. Distribution of Dritish and 
Siamese possessions therein. 

2. The wild tribes. Martin’s classification : — 

(n) Dark, frizzly-haired Negrito tribes, called Semang, residing in the northern 
districts. 

{b) Lighter wavy-haired tribes called Sakai, in southern districts. 

(c) Mixed tribes in contact with Malay settlements (also in southern districts). 

3. Description of Semangs (type a) as follows : — 

Height of men, about 4 ft. 9 in. ; women, about 3^ inche.s shorter. 

( 'dour of .‘^kin, very dark brown, passing into black. 

Head, between long and round (mesaticephalic) ; forehead, low and rounded, 
projecting over the root of the nose, which is short and very flat or spreading ; 
eyes round, open, bright, and straight (not oblique); iris, rich deep brown; lips 
moderate and mouth rather large ; chin but little developed, and slight prognathism. 

Hair very dark brownish-black (never blue-black, as among Malays and 
Ohinoee), curling closely to the scalp. 

4. Description of Sakais (type b) as folloTva : — 

Height does not materially differ from that of the Semangs. 

Colour of skin, much lighter than that of the Semangs, with reddish tinge 
about breast and extremities. 

Head, long (dolichocephalic) ; among the purest Sakai markedly so ; eyes rest- 
less, not bright, 8emi-clo.‘ied. Face inclined to be long, but broad at the cheek- 
bones, with pointed chin ; elliptical ; forehead flat, but brow often beetling, the 
notch above the nose being very deep ; nose small, often slightly tilted and broad, 
with deep-set nostrils ; beard consisting of a few long frizzly chin-hairs, remark- 
ably like that of the Veddas of Ceylon, to whom, at first sight, the Sakai present 
considerable resemblance. 

Hair, lank and wavy, often w'orn in a great ‘ shock.' 

5. Specimens of the types referred to above. 

6. Food of the wild tribes mainly vegetable (wild roots and fruits), eked out 
by any sort of animal food procurable. 

7. Hunting and trapping. The blowguu and the bow. The former is a long 
slender tubfi or blowpipe composed, when possible, of a single joint or internode of 
bamboo, over six feet long, wnich, for protection, is inserted in a similar (slightly 
larger) tube or case. Method of using it. Darts, poisoned w ith the stm of the 
upas tree (Antiaris), or the upas creeper (Strychnos), and made to break oft in the 
wound. Range and effect of these darts. 

* To be published in full in Jotirn, Anthrop. Inst., vol. xxxii. 
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8. Clothing of the Wild Tribes. — Cloth manufactured from beaten tree-bark., 
Methods of wearing this cloth. Girdle manufactured from the rhizomorph of a 
fungus. Necklaces and magic combs worn in their hair by women as a protection 
against fever and snake-bite, &c. 

0. Huts and shelters of the wild tribes. — The tree-hut, lean-to, beehive- 
shelter, and palm-leaf hut. 

10. Musical instruments, festivals, and songs. The nose-flute. Head-dresses, 
leaf-festoons and leaf-bouquets, said to be worn to entrap demons. 

11. Chiefs and medicine-men. The exorcism of demons. The tiger-man, or 
h^lian, 

12. Marriages: the so-called ant-heap ceremony. 

13. Burials : the soul-hut erected beside the grave of the deceased. 

14. Ideas of a future life: the moon as the Island of Fruits, us Wild Man’s 
Paradise. 

11. Anthropological Notes 07i Sai Kan^ a Siamo- Malayan Village in the 

State of Nawnchik (Tojan), By Nklson Annaxdalk, B.A., and 

Her}3ert C. Robinson. 


12. A Provisional Classification of the Swords of the Sarawak Tribes.^ 
By R. Shelford, M.A. 

The short swords or parangs of the Sarawak tribes are divisible into ten 
principal varieties : 1^\iq parang Unity or malot of the Kayans, Kenyahs, Kalabits, 
Punans, and allied tribes; t]iQ niahor^ lanyyai tingyangy jimpuf 2 LX\dL bnyu oi the 
Sea-Dyaks ; the pakayun of the Muriits ; the parang pvdang of the Malays and 
Milanos; the latoh of the Malays and Milanos ; the Imko and pandat of the 
Land-Dyaks. 

The blade of-the^^amw// Hang or malat differs from all others in being concave 
on the inner side, convex on the outer side; the blade also curves slightly out- 
wards. A zoomorphic pattern is usually present on tin; outer side of the blade, 
rarely on the inner side. The back of the blade is shorter than the edge, so that 
the blade appears as if it had been obliquely truncated : this truncate edge may be 
termed the ‘slope.’ The character of the slope varies very con.siderably, and on 
these variations the natives base a complicated classification of this type of weapon. 
The handle is usually of stag’s horn : it is very elaborately carv(‘d and decorated 
with tufts of dyed hair. The sheath is composed of two grooved slats of wood 
(as is also the case in all the other varieties of parangs), tightly bound together 
with lashings of rattan and decorated with hair ; a small bark pocket is lashed to 
the inner side of the sheath, and contains a small knife. 

The niabor is the characteristic weapon of the Sea-Dyaks, The blade is 
strongly curved, and the back and edge pass insensibly to a point, so that there is 
no slope ; there is a prominent finger-guard. The handle is much flattened 
laterally, and is invariably carved with a phyllomorphic pattern. 

The langgai tinggang is practically a niabor with the handle of a parang ilang; 
the term langgai f iiu niiir.g Oie longest tail-feather of a hornbill, is applied 

to this weapon by rcji-'-i’ a br »}!'l groove which runs along the blade on each 
side, fancifully supposed to be feather-like in appearance. 

lAi^fimpul is of recent origin, and may be considered as a hybrid between 
the langgai tinggang and parang ilang. The blade has fiat sides, thus resembling 
the two preceding types ot parangs ; but the back and edge do not pass insensibly 
to a point, but there is a short and abrupt slope. An incised phyllomorphic 
design typically decorates both sides of the blade near its insertion into the 
handle, but of late years the Sea-Dyaks have taken to copying Kayan and Kenyah 
zoomorphic designs in the ornamentation of their weapons. The handle is of the 
parang ilang type. 

* To be published in full in Jonrn, Anth/rop. Imt.^ vol. xxxi. 
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The bayu is a doul)le-edf?ed sword ; tlie centre of the blade on each side is 
grooved and ornamented with an incised pattern. 

The jmUayun is a long, narrow curved blade, wliich is never ornamented with a 
design. The handle is invariably made of wood, and is quite characteristic in 
shape ; the grip of the handle is supplied b^ a cylinder of brass expanding at the 
insertion of the blade into a circular lip, which serves as a finger-guard. 

The paramj 'pedany is largely used in agriculture. The blade is long, very 
strongly curved, and very broad at the end, tapering rapidly to th(» point of 
insertion into the handle. The handle is of wood, and of a distinctive shape. 

The latuk is characterised by the open angle which the shoulder of the blade 
and the handle form with the rest of the blade. The cutting part of the blade is 
not curved, the back is slightly shorter than the edge, and there is a short curved 
slope. The back is very thick, so that the blade is wedge-shaped in section ; the 
shoulder is square or polygonal in section. The weapon is held in both hands by 
the liandh* and shoulder, and forms a very efficient chopping implement. 

The hxiko is similar in shape to the latok, but is a much slighter weapon, and 
the handle is carved in deep relief with a phyllomorphic pattern, wherea.s the 
handle of the latok is not ornamented with carving. 

The pamlat is the war-parang of the Land-1 lyaks : it is remarkable in having 
no handle, the elongated and angled shoulder serving the purpose. A hole pa.sses 
through the middle of the shoulder, and in this is inserted a short cross-piece of 
iron. The termination of the blade is cut wdth a V-shaped notcli, forming a 
re-entering angle ; occasionally the limbs of this angle are produced into hooks ainl 
projections. The slieatli is decorated with tinfoil, on which is hammered 
geometrical and phyllomorpliic designs. 


]VJ:DX£SJJAy, SUPTIJMBEIf IS. 

The following Papers were read ; — 

I. Pers^omil LUntificalion : A Deticripfionof Dr, Alplioasr fltrtiUona System 

of Jdmt if yiny Ftiyitirr. raUvd hy him ‘Xc Portrait Parh^J 

jjy William M. Douglas, Superlntendnif of Ptdicr, (dasyuw, 

Ideiitiiication is the basis of all police work, and it is necessary to have ii 
system or .systems which will meet the twofold pur])ose of individualizing persons 
at larpe as well as persons in custody. Dr. Alphonse Hertillon, chief of the Judicial 
Identification Servict? in Paris, has elaborated a system which is divided into 
three parts, viz., anlhropoinetric sigiialment, descriptive signalment, and signal- 
ment by peculiar marks. 'Pho descriptive sigimlment is the one by which a 
criminal may be recognised among the multitude of human Ix'ings ; the anthropo- 
metric intervenes to establish bis identity and reconstitute his previous criminal 
history if he is a recidivist ; and the peculiar marks serve to place beyond doubt 
the results obtained by the. other two. The groundwork of llertilloii’s descriptive 
system Ls the selection for description of clmract eristics which have the most 
fixity in the individual and the most variability in different people, and tht% 
application to the descriptive terms of the method of limits of approximation. The 
descriptive information is divided into three sections: I. Chromatic characters; 

II. Morphological characters, having special headings on card ; III, Morphological 
characters without special headings. The fir.st embraces the colour of the eyes, 
shades of beard and hair and complexion ; the second, the forehead, nose, ear, and 
build ; and the third, the lips, chin, contour of head, nature, abundance, and 
implantation of hair and beard, eyebrows, eyelids, wrinkles, neck, attitude, 
general demeanour, voice, language, clothing, and social status. For the purpo&e 
of describing peculiar murks the body is divided into six sections, on each of 
which there are datum points to locate the mark's, the nature, form, dimension, 

1901. 3 
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and direction of which are noted in addition to localisation. The practicability 
of the system for police purposes has been tested by the writer, and it has been 
demonstrated that men of ordinary intelligence can master its apparent intricacies 
and apply it successfully. 


2. Notes on the P^^oposed Ethnographic Harvey of India. Py W. Crooke, 


3. ITorn and Bone Imphnnents foaad in Jpsu'ich. 

By Miss Nina F. Layard. 

These implements of horn and bone found in Ipswich came from several parts 
of the town, and from various depths. 

Among the cut antlers is one from the b(‘d of the river Orwell, which resembles 
the horn picks exhibited in the Guildhall Museum. 

The rest of the examples shown, though certainly suggeslivf* of a pick, arc 
perhaps too awkward for this use, though in one case the tip has Ikh'u sharpened. 

Ten of tlu'se horns (eight of tliem cut) were found lying together at n depth of 
5 to 6 feet in one of tin* main str(‘e(s of Ipswich. Among them is a very rude 
Ivnife-handle. 

All the horns already mentioned appear to be of much more recfuit date than 
four others which were found in gravtd at a depth of 2*3 fo(‘t, of which, however, 
12 feet were of made-up earth. 

In other parts of the same excavations numerous Ilomano-llritisli relics 'were 
discovered, but at a much higher level, and always in dark earth. 

Other implements from tlie same gravel were exhibited, and also a large anthu’ 
found with a skeleton beside which lay a portion of a Saxon comb. Thi'se were 
found quite separate from tin* rest, 4 feet bdow the surface of the ground, 

A pair of bone skates, found in (\)lleg'e Streid, Ipswich, v as al^'O sLoav n below 
the foundations of som<^ very old houses that were being pulled down, at a depth 
of 10 feet, in the old river bed. 


4. Hints of EvoliUion in Tradition. By David MacRitchir. 

The author quotes the recent discoverie.s of pithecoid men in Central Africa, 
and infers from this instance that similar iindeveloped types of mankind may have 
survived in other parts of the* world until comparatively recent times. In support 
of this view ho quotes the Welsh tale of Kit/nvcti and 0/iren, with its descriptions 
of arboreal progression and of hairy men. The ^ half nvm ’ of the same tale he 
compares with the Scandinavian Mialf-trolls^ and with the llalvennannekons of 
Flemish tradition. Shakespeare’s conception of Caliban he regard.s as founded 
upon similar reminiscences, while the medimvnl descriptions of ‘Ogn^s’ an* 
largely based upon traditions of the ^ Ugrian ' Huns, with projecting canines and 
cannibal propensities. 

Other instances of simian traits preserved in popular tradition are : — (1) The 
(‘xcessively long arms attributed to the Scandinavian dwarfs and to the Piets of 
the Scottish Border. (2) The exce.ssive hairiness of the * satyrs ’ of classical and 
Biblical tradition, and of the Northern ‘brownies’ (c.y., in Isaiah xxxiv. 14 the 
Ileb. mgnir — LXX. crdrvpos VuIg.,;;i7o.ws A. V. mtyr (in Isa. xiii. 21 the Bishops’ 
Bible and Rogers have ape) — fenodyree, ‘ brownie,’ in the Manx-Gaelic version of 
ISW ^-Jladh-dhuine^ ‘wild man,’ in other Gaelic versions). Compare the simian 
place-names Affenberg^ Affentfiah (3) The small stature of many apes and of 
the African pygmies is paralleled by the Welsh nar ( = either ^ pygmy ’ or ‘ ape ’) 
and the Gaelic at)hac^ and by the descriptions of the ‘ brownies ’ and other ‘ little 
people.’ (4) The infrahuman stupidity of very low races ; by that of the Hcottish 
‘ brownie ’ ; by words like Gael, amadan, for a * changeling ’ ; by the English 
<,af ( elfy Fr. axdfe)^ and the Old German olp ( » c//*), defined by Grimm as ‘ an 
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awkward, silly fellow, one whom the elves have been at ’ ; and by the Gothic tumbo^ 
‘ giant ' ^ Lat. stvpidua, 

5 , Moigic^ Religion, and Science, Jig J. S. Stuart Glennir. 


On Wednesday, September 11, the Coramittoe resolved that the following 
letter of congraiulalion he addressed t^> Professor liudolf Virchow on the occasion 
of his eightieth birtliday : — ^ 

BUITIISil ASSOC! VnoN FOR THE ADVANCEMEOT OK SCIENCE. 

The Section of Ant hr opohgij to Professor Rudolf Vircitow. 

it .seldom falls to the lot of one man to establish a position as you have done as 
a loa<l(’r in two great branches of Science, 'riiroughout the world yon arc generally 
Te«'oginsed as 1 lie founder of Modern Pathology, whilst in the domain of Anthro- 
])ology your H(*rvi(’es have been liardl}' le^^s remarkable. Wlierever anthropologists 
jiiuet together your name is mentioned with the respect and reverence that are duo 
to a great iiiast<*r. 

At the present moment the British Association for the Advancement of Science 
is hohliiig its annual meeting in Glasgow, and the members of the Anthropological 
Sect ion, Ji ware that you celebrate your eightieth birthday on Ootober 14. desire to 
convey to you their attectionatc greetings, and to express the hope that you may be 
»j)arcd to add yet further to the indebtedness whicli they owe to you as a worker in 
the same field, 

Signed on Ixdialf of tin* Foininittce of the Anthropological Section, 

1). .1. Cunningham, PreMenf, 

J. L. IMyrks, Recorder. 

(Jlasgow, September 1 1, IhOl. 


' The Address was presented by Lord J,«ister to J*rofessor Virchow at the Celebra- 
tion which was held in Rerlin on October J I 
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Section I. — PHYSIOLOGY nn< lu«lijiir Experimental Patitolocy and 
Experimental i^sYCTlOLO(JY). 

President of tue Section— I * rof<‘*^sor John Q, Mc'Kendrtck, M.D.. LL.P., 

E.K.S. 


TIIUItHlhiY, SEPTKMnEll 12. 

The President delivered the following Address ; — 

AVhen the British Association met in Glasgow twenty-five years ago I liad 
the honour of presiding over Pliysiology, which was then only a sub-section of 
Section 1). The progress of the science during the quarter of u century has licen 
such as to entitle it to the dignity of a Section of its own, and I feel it to be a 
great honour to be again put in charge of tin; subject. While twenty-livt' jears 
form a considelwble portion of the life of a man, from some points of \iew they 
constitute only a short period in the life of a scientM*. But just ns the growth 
of an organism does not ah' ays proceed at tin* same rate, so is it with tin* growtli 
of a science. There are times w’hen the application of now” methods or the pro- 
mulgation of n new theory causes rapid development, and there are oilier times 
when progress seems to be slow. But <*ven in these quiet ]a‘riods there may be 
steady progress in the accumulation of fuels, and in the critical survey of old 
questions from new”er points of view”. So far as ])liy>iol»>gy is concerned,*! he last 
quarter of a century has been singularly fruitful, not merely in the gathering in 
of accurate data by scientific methods of researcli, but in tiu* way of getting a 
deeper insight into many of tlie problems of life. Thus onr knowledge of the 
phenomena of muscular contraction, of the clianges in the secreting eel 1, of the 
interdependence of organs illustrated hy what we now .speak of ns internal secre- 
tion, of the events that occur in the fecundated ovum and in the actively growing 
cell, of the remarkable processes connected Avith the aetLvit\ of an oleet rival 
organ, and of the physiological anatomy of the central nervous organs, is very 
different from what it was tw'onty-five yeans ago. Our knowli'dge is now more 
accurate, it goes deeper into the* .subject, and it has more of tin* character of 
scientific truth. For a long ]wTiod the generalisations of physiology were so 
vague, and apparently so much of the nature of mon* or le.ss hujipy guesses, tlml 
our brethren the physicists and chemists scarcely admitted the subject into the 
circle of the science.s. Even now w”e are sometimes reproached with onr inability 
to give a complete solution of a physiological problem, such as, for exam])le, Avhat 
happens in a muscle when it contracts; and ncit long ago physiologists wen* 
taunted by the remark that the average, duration of a physiological theory was 
about three years. But this view” of the matter can only be entertained by those 
who know very little about the science. They do not form a just conception of 
the difficulties that surround all ]i]i\>io1ogical investigation, difficulties far tran- 
scending those relating to research in dead matter ; nor do they recollect that 
many of the more common phenomena of dead matter arc still inadequately 
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explained . What, for example, is tin? real nature of elasticity ; what occurs in 
dissolving a little sugar or common salt in water ; what is electrical conductivity ? 
In no domain of science, except in mathematics, is our kn absolute ; and 

physiology shares with the other sciences the i)ossession of problems that, if I 
may use a paradox, seem to be morci insoluble the nearer wo approach their 
solution. 

The body of one of the higher animals — say that of man- -is a highly complex 
mechanism, consisting of systems of organs, of individual organs, and of tissues. 
riiysiologiM.-^ have been able to give an «»xplanatioTi of the more obvious pheno- 
mena. Thus locomotion, the circulation of the blood, respiration, digestion, the 
mechanism of the senscjs, and the general phenomena of the nervous system have 
all been investigated, and in a general way they are understoo(l. 'i’he same state- 
ment may bo made as t<i the majority of iinlividual orgaii''. It is when w^e come 
to the phenonnuia in the living tissues that we find ourselves in diflic alt ies. The 
changes happening in any living ct*ll. let it a connective iis>iie ciu’piiscle, or a 
secreting cell, c^r a nerve-cell, are still imperfectly understood ; and yet it is upon 
these changes that the phenomena c)f life depend. This has led the more thoughtful 
physiologists in recent years back again to the study of the cell and of the simple 
tissues that an* ibrmed from cells. Further, it is now recognised that if we are to 
give an adequatt^ explanation (d* the phenomena of life, wo should study these, 
not in the body of one of the lower organisms, as was at one time the fashion, 
where there is little if any dili'erentiatiou of junction — the whole body of an 
amceb«)id organiMii showing capacities f)r locomoti‘>n, respiration, digestion X'c. — 
but in the s])eciali>ed tissue of one of the higher aniinnN. Tims the muscle-cell 
is sjK'cialised for contraction, and arietit‘S of e]>ithelium have higlilv specialiseil 
fuiiciions. 

Jhit uhen cells are (*\ainined witlithe highest microscopic powers, and will i the 
aid of the liighly elalnrated methods of modern histology, we do not seem to liave 
advaneed ver> far towards an explanation of the ultimate phenomena. There 
is the same feeling in tiie mind of the ]diysiologist when he attacks the cell from 
the chemical side, lly using large numbers of cellular elements, or by the more 
modern uiul fruitful methods of jnicro-chemi'-tr\ , he re-ol\(‘s tlie cell-substance 
into proteids, curljoliydrates, fats, .-aline matter, and water, with pos-ibly other 
substances de.iivcd from the chemical change.- happening in the cell while it was 
alive; hut he obtains little information as to how these proximate constituents, as 
tliey are called, are bui't up into the Ining substance of the cell. Ihit if wo con- 
sider the matter it will be evident that the phenomena of life depend on changes 
occurring in the inleractioiib of ])urticleF. of matter far too small even to be seen by 
the micro sicope. The ])hysieist and the c]\emi-t have not been content with the 
investigation of large masses of dead matter, but. to explain many phenomena they 
have had ri'eour.-o to the conceptions of molecules and atoms and of tlie dynamical 
laws that regulate their iiio\emen1s. Thu.- the conception of a gas as consL-ting of 
iiioleiMiles Imving a to-and-fro motion, iirst advanci‘d by Kroiiig in ISotJ and by 
Clausius in I '^oZ. has enahbsl jihy.Meists to explain in a satisfactvU’v manner the 
general ]>henoinena of gases, such as pre.-sure, ^i^co>ity, dillu.-ion, &c. In physio- 
logy few attempts Iiave been made in this directii n. probably because it was felt 
that data had not been collect e«l in suHicieiit uumliers and v. ith sullicient accuracy 
to warrant any hypotliesis of the molecular structure of living matter, and 
P*!* ’ *'* liave iieeii conleiit with the microscopic and chemical examination of 

ceiis, oi proiopliism, and of the sim]>ler tissues formed I'romcell.-. An exception to 
this general remark is the well-known h> ]iothe.-is of Du Iioi.s-Keymond as to the 
exi'»teuco in mitscle of molecules liaxiiig certain (‘leetrieal pvopi*rties, by which ho 
endeavoured to explain the mon* «)bvious * leetrieal phenomena of muscle and 
nerve. The conception of gemmules by Ihiruin and of biojihors by Weisraauu 
are examples also of a hypothetical method '*■ * > certain vital phenomena. 

Of all the properties of living- matter ■■■ ' : must no doubt be regarded 

ns the most fundamental. On it depend all vital phenomena. Many physiologists 
have endeavoured to give an explanation of assimilation by comparing it with 
crystallisation. Hut the two processes are very diflerent. The crystal grows by 
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the addition of new molecules to its surface, but the molecules hate already been 
formed in the solution in which the crystal grows. The molecules are not formed 
by the crystal ; they are simply added to it by a physical force. But assimilation 
is a different phenomenon. Like a crystal, living matter grows in a nutritive 
medium, but the molecules which caMse the growth do not already exist in the 
medium. The living matter does not increase by the addition of molecules 
already made, but by the creation and absorption of new molecules. Other 
physiologists have attempted to explain assimilation by osmotic action. But 
osmosis is a purely physical phenomenon. When a substance traverses au organic 
membrane, it does not become a new substance. There is no change in its con- 
stitution. While osmotic action must undoubtedly perform an important role in 
the phenomena of assimilation, as we see it in all growth, it cannot fully explain 
it. But if assimilation is an action of a chemical nature, we can suppose that the 
molecules of the living matter in certain conditions split up and then act on the 
molecules of the nutritive medium, detaching atomic groups from these molecules 
and combining with them to form new molecules similar to those of the original 
living matter, but possibly not absolutely alike. 

Physiologists, however, have often endeavoured to find tlie cause of assimilation 
in morphological structure, the structure of the living substance and of the cell. 
But when we inquire into its nature we find it to be essentially, one might almost 
say exclusively, a chemical phenomenon, and a chemical phenomenon cannot be 
explained by morphological structure. A chemical phenomenon depends on the 
molecular structure and allinities of the atoms of matter in which the phenomenon 
occurs. Assimilation is not determined by the physical or structural character of 
protoplasm, or of the cell, or any part of it, but on the chemical constitution of 
living matter, that is to say upon the structure of its moleculevs. This view of 
the subject has led some thinkers, and notably J'hmano Giglio-Tos of Turin, in a 
remarkable book entitled ‘ Les Probloines de la Vie,’ to form the conception of a 
biomolecule, or living molecule, that is to say t he smallest quant ity of living 
matter that can exhibit some of the chemical phenomena of life, such as respiratory 
exchange, the function of chlorophyll, the starch-forming function, and functions 
of disassimilation and secretion. 

Living matter, when examined by the highest powers, presents some of the 
characters of an emulsion ; that is to say, it is composed of minute particles witli 
fluid matter between them. These minute particles, built up of biomoleculcs, 
have been termed by Tos biomones. Bioraones, in their turn, form hiomonads or 
bioplasm, or molecular or granular protoplasm, and this again forms the cell. It 
may be said that these terms are only new names for things that have been long 
recognised, but it. subserves clear thinking to decide upon common terms which all 
may use. The cell theory undoubtedly has served its day, but it is remarkable 
that as cytology progresses the physiological importance of ditlerent parts of the 
cell seems to diminish, and it is necessary to give to the constitution of living 
matter a much wider and more general explanation. The conception of abiomone, 
that is a minute particle, showing the chemical phenomena of life, enahh's one to 
understand how vital phenomena may be manifested without, for example, the 
existence of a nucleus. The granules in protoplasm, or, as Tos terms them, 
biomonads, are built up of biomones — and one can conceive that the little colony is 
symbiotic ; that is to say that each part is nec(‘ssary, and each part co-operates with 
the rest. But when we come to the ultimate analysis, the distinctive character 
of different kinds of protoplasm, or cytoplasm, or archoplasm, or corpuscles — call 
the material by any name the most convenient and expressive, depends on the 
chemical nature of the substance. 

These remarks are all in the direction of showing that as research progresses, 
and as we get a deeper insight, we find that the phenomena of life are never found 
in structureless matter. It may appear to be morphologically structureless, even 
to the highest powers, hut in a molecular sense it is structural. The progress of 
histology also points in the same direction. How often, in former years, wore 
we in the habit of describing appearances in tissues as structureless or ‘ finely 
molecular,’ which we now know, by better methods shows numerous details of 
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structure ! Think of all the phenomena of karyokiiiesis, of the changes in the 
chromatin that have been observed in cells, of the fibrous structure of the so-called 
grey matter of the nerve centres, of the complicated appearances seen in nerve 
cells, and indeed in almost aU cells. Then progress has been made in IIkj iii\ «-.a1 iga- 
tion of the chemical constitution of cells. The new school of what one may call the 
micro-chemists — and I need only mention the name of Dr.Maccallum, of Toronto, 
as an example of a worker in this diilicult department of science — seems to ino to 
be worthy of the attention of all the younger physiologists. 1 have a strong 
belief that a careful investigation of the chemical constitution of cells and of living 
matter, conducted by micro-ehemical methods, would be of great value, and might 
throw some light, not only on the nat ure of living matter, b' / r * 

changes in cells on which disease depends. Morphological ■ \ .: . ■ ' 

have been carried nearly as far as it can go ; and here I would mention 
the morphological examination of malignant tumours, and what is now needed is 
the det(Jction of those subtle chemical changes that lie far beyond the province of 
the microscope. 

The conception, however, of the existence in living matter of molecules has not 
escaped some astute physicists. The subject is discussed with his usual suggestive- 
ness by Clerk ISIaxwell m the article Atom in the ‘ Encyclopaedia Britannica ^ in the 
volume published in 1875, and he places before the physiologist a curious dilemma. 
After referring to estimates of the diameter of a molecule made by Loschmidt in 
18H5, by Stoney in 1868, and by Lord Kelvin (then Sir \V. Thomson) in 1870, 
Clerk Maxwell writes : — 

‘Tlie diameter and the mass of a molecule, as estimated by these methods, are, 
of course, v<'rv small, but by no means infinitely so. About two millions oi 
molecules of hydrog*'ii in a row would occupy a millimetre, and about two 
hundred million million million of them would weigh a milligramme. These 
numbers must bo e<jnsidered as exceedingly rough guesses ; they must be corrected 
by more extensive Olid accurate experiments as science advances; but the main 
result, which appears to be w(»ll established, is that the determination of the mass 
of a molecule a legitimate object of scientific research, and that this mass is by 
no means immeasurably small. 

* Iwoschmidt illustrates these molecular measurements by a comparison with the 
smallest magnitudes visible by means of a microscope. Nobert, The tells ns, can 
draw 4,001) lines in the breadth of a millimetre. The intervals between th(‘se lines 
can be ^)bser^od with a good microscope. A cube, whose side is the 4,000th of a 
millimetre, may be taken as the minimum visible for observers of tbe present day. 
Such a culie would contain from GO to 100 million molecules of oxygen or of nitro- 
gen ; but since the molecules of organised substances contain on an averag(* about 
fifty of the morti elemtuitary atoms, we may assume that the smallest organised 
particle \i8ible under the micr<^scope contains about two million molecules of 
organic matter. At least half of every living organism consists of water, so that 
the smallest living being visible under the microscope does not contain more than 
about a million organic molecules. Some exceedingly simple organism may be 
supposed built up of not more than a million .similar molecules. It is impossible, 
how(;ver, to conceive so small a number sulficient to form a being furnished with a 
whole syst em of speciali.^sed organs. 

* Thus molecular science sets us face to facti with pliysiological tlnwies. It 
forbids the physiologist from imagining that striictiiral details of infinitely small 
dimensions can furnish an explanation of the infinite variety which exists in the 
properties and funct ions of the most minute organisms. 

^ A microscopic germ is, we know, capable of development into a highly organised 
animal. Another germ, eoually microscopic, becomes when developed an animal of 
a totally difierent kind. l)o all the dilFereiices, infinite in number, which distin- 
guish the one animal from the otlier arise each from some diflerence in the structure 
of the respective germs P Even if wo admit this ns possible, we shall be called upon 
by the advocates of pangenesis to admit still greater marvels. For the micro- 
scopic germ, according to this theory, is no mere individual but a representative 
body, containing members collected from every rank of tbe long-drawn ramiticatien 
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of the ancestral tree, the number of these members being amply sufficient not 
only to furnish the hereditary characteristics of every organ of the body and every 
habit of the animal from birth to death, but also to afford a stock of latent 
gemmules to be passed on in an inactive state from germ to germ, till at last the 
ancestral peculiarity which it represents is revived in some remote descendant. 

‘ Some of the exponents of this theory of heredity have attempted to elude the 
difficulty (f ir.'ic’.n.: .! u' ole world of wonders within a body so small and so 
devoid of m--!-!-- • as a germ by u&ing the phrase structureless germs. 

Now one material system can differ from another only in the configuration and 
motion which it has at a given instant. To explain differences of function and 
development of a germ without assuming differences of structure is, therefore, to 
admit that the properties of a germ are not those of a purely material system.’ 

The dilemma thus put by Clerk Maxwell is (first) that the germ cannot be 
structureless, otherwise it could not develop into a future being, with its 
thousands of characteristics; or (second) if it is structural it is too small to 
contain a sufficient number of molecules to account for all the characteristics that 
are transmitted. A third alternative might be suggested, namely, that the germ 
is not a purely material system, an alternative that is tantamount to abandoning 
all attempts to solve the problem by the methods of science. 

It is interesting to inquire how far the argument of Clerk Maxwell holds good 
in the light of the knowledge we now possess. First, as regards the muivnttm 
I'isiblo, The smallest particle of matter that can now be seen with the 
powerful objectives and compensating eyepieces of tlie present day is betw’ceii 
the xcToWir the inch, or f>f millimetre in diameter, 

that is to say, five times smaller than the estimate of Ilelmhollz of of a 

millimetre. The diffraction of liglit in the microscope forbids the possibility of 
seeing still smaller olijects, and when we are informed by the physicists that the 
thickness of an atom or molecule of the substances investigati'd is not much l»‘ss 
than a millionth of a millimetre, w'e see how far short the limits of visibility 
fall of the ultima’te structure of matter. 

Suppose, then, w^e can see with the highest pow'ers of the nucro>cope a 
minute particle having a diameter of ^ millimetre, it is possible 

to conceive that some of the phenomena of \itality may be 1 ‘xlnbiled by a 
body even of such small dimensions. Some of the objects now' studiiMl by the 
bacteriologist are probably of this minute size, and it is possilile that sonv* may 
bo so small that they can never be seen. It has been observed that certain 
fluids derived from the culture of micro-organisms may be filtered through special 
filters, so that no particles are seen with the highest powers, and yet those fluids 
have properties that cannot he expilained by supposing that they contain toxic 
substances in solution, but rather by the assumption that they contain a greater 
or less number of organic particles so small as to bo microscopically invisible.* 

* The evidence upon this point is derived from ])alliologi(‘al sources. I am 
indebted to my friend Dr. James Ritchie, of the Pathological Institute of Oxford, 
for the following notes : 

Notes on Organisms too small to he scon hy the ^^irnisroJ)c. 

The filters used in the work i)crformed in the . ** --•* ’ organisms arc. 

of several kinds and patterns. They are tubes ■ . . ■ . made of cither 

(f/) kieselguhr as in the Bcrkcfeld filter, or (ft) of unglazcd porcelain as in the 
(>liamberland and Kitasafo filters. They an; of varying degrees of ])orosity accord- 
ing to the fineness of the material used. The; most ])oroii.s, i.c., those which will 
let tbrougli the largest particles, are the Bcrkefeld ; next comes the Chambcrland 
‘ F ’ pattern ; next the Chamberland ‘ B ’ pattern and the Kitasato tubes. All such 
filters are used either by forcing the liquid through by pressure or by inserting 
them into a filter flask which can be exhausted. The finer kinds will keep back all 
known bacteria. Further, as showing their mode of action, the finer kinds will not 
allow all the constituents of such a fluid a.s blood serum to pass through ; a certain 
amount of albumen is kept back. The three discJises which have been investigated 
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The evidence Is briefly as follows: micro-organisms produce chemical sub- 
stances or toxines which have certain physiological eflects ; these toxines cannot 
increase without the presence of if, then, the micro-organisms 

in which there appears to be evidence of the presence of organisms too small to be 
seen by the microscope arc foot-and-mouth disease, the contagious pleuro-pncumonia 
of cattle, and South Africiui horse-sickness. 

(1) FooUand-mouth DUeasfi. — Loefller and Frosch * have shown that the lymph 
from the vesicles in the mouth of an infected animal if liltered through a Berkefcld 
filter still in a dose of c.c. killed a calf in the same time as the unflltered lymph. 
This experiment was controlled as to the impermeability of the filter by infecting 
the lymph before filtration by a culture of a very minute bacterium which did not 
pass through the filter. The highest microscopic power failed to detect anything in 
the filtrate. They found, however, that if the lymph were mixed with a fluid more 
rich in albumen than the lymph itself, then t he filtrate lost its infectiveness. 

(2) Plcuro- 2 >neumom(i, Nocard * found that the pleural effusion mixed with water 
if filtered through a Berkefcld or a C'hambcrland ^ F ’ was still infective, but in such 
watery fluids it was arrested by tlie Chambt^rland * B * and by the Kitasato. He 
further found that there were in the infective filtrate retractile particles, which, 
however, could not be resolved by a magnification of 2,000 diameters, but which he 
considered might be the infective agents. 

(15) 'McFadyean * found that the diluted blood of an infected 

horse could ])ass through a Berkefcld and through a Chamberland ‘ F * and still re- 
main infective ; and, further, that if the blood of a horse which had died from this 
infection were liltered through a Chamberland ‘ B* it was still infective and killed a 
horse in the same time as Ihe original filtrate. Again microscopically nothing could 
be seen, ami again the efficacy of the filters was controlled by mixing the blood to 
be tested with putrefactive organisms which the filter kept back as usual. Nocard * 
in one case says that blood can be freetl of this infection by filtration, but 
McFadyean’s experiments are very numerous and so carefully done that this one 
negative instance may be explained by want of susceptibility in the animal used. 

Of course the great diflieulty is lo be sure that the filters were eflicient and had 
no cracks, which such filters are very apt to have, but tlie work has been so carefully 
controlled tliat this source of error may be excluded, 'fhe remaining source of ob- 
jection is that the pathogenic agemt might not be a bacterium but its toxine. The 
most important experiments heie .ire those of McFadyean, who liltered the blood of 
horses infected with filtered blood and found it still infective; and also those of 
Loefller, who goes carefully into this question an»i finds that .such an explanation is 
not feasible. The formation of fresh toxine within an animars body, apart from the 
actual presence of the bacttu'ia which ordinarily form it, is unknown, and McFadyeans 
work — where with the second horse'.s blood the period of fatal illne.ss was practically 
the same as witli similar quantities of the lillratc from tlie first horse — I think, 
clinches the matter. 

JJu'cerpf from a Letter from I)i\ Bit chic, 

'Pho only objection to the validity of the experiments I think is tliat it might be 
a toxine tliat j)iisscs through. 1 briefly stated [in above notes] an answer to this 
objection, namely, McFadyoan’s work, when he inoculated a second hoi*sc from the 
filtered blood of a horse that had itself lieen infected with liltered blood. Now it 
might bo urged even against this experiment that such a large quantity of poison 
had been injected into the lirst hnr.se that even when it h.'id been diluted by all the 
body fluids of that, horse, and liad been diminished by excretion for the eight or ten 
days of the first horse’s life, there still remained a large tjuaniity, and it was part of 
this that killed t.hc second horse. Now if this were the case, there evidently must 
have been much less given to the second horse than to the first ; and if this were so, the 
duration of the fatal illness in the second horse would have been much longer. Now 
this latter did not occur They both died in about the same time. In fact so different 
were the doses given in IMcFadyean’s different experiments that if it were a toxine 


' Ccnfralhhitt f. xxiii. :171. 

® Ihdlctin deila Sitrivtr CentTale do .I//V. M'irrinairc (N.S.), xvii. 411. 

* Jflvrn, Comjfaratiro Path., xiii. I ; xiv. 103. 

* Reoueil de Mhl. Viterbuiire, scr. viii., tome viii. 37. 



814 


REPORT — 1901 . 


are removed by filtration, and if the toxine solution is very much diluted, the 
solution when injected into a living animal should produce a weaker effect than 
when the unfiltered fluid is introduced. This, however, is not the case. The 
filtered fluid, in which no micro-organisms can be seen with tlie highest powers, 
after some time, acts as virulently and rapidly as an unfiltered fluid, and the infer- 
ence is justifiable that invisible rnicro-organi-iP'' are still present, as without these 
it is difficult to account for the nf \irulence. I am of opinion, there- 

fore, that it is quite justifiable to assume tha,t vitality may be associated with 
such small particles, and that we have by no means reached what may be called 
the vital unit when we examine either the most minute cell or even tlu^ smallest 
particle of protoplasm that can be seen. This supposition may ultimately bo 
of service in the framing of a theory of vital action. 

Weismann in his ingenious speculations has imagined such a vital unit to 
which he gives the name of a biophor, and he has even attempted numericjil esti- 
mates. Before giving his figures let us look at the matur in another way. Take 
the average diameter cf a molecule as the millionth of a millimetre, and the 
smallest particle visible as the ^ millimetre. Imagine this small 

particle to bo in the form of a cube. Then there would be in the side of the cube, 
in a row, -fifty such molecules, or in the cube 50x50x50 -125,000 molecules. 
But a molecule of organised matter contains about fifty elementary atoms. So 
that the 125,000 molecules in groups tf about fifty would number 
organic particles. Suppose, as was done by Clerk Maxwell, one half to be water ; 
there would remain 1,260 organic particles. The smallest partich' that can ho 
seen by the microscope may thus contain as many as 1,250 molecules of such a 
substance as a proteid. 

Weitmaim’s estimates as to the dimensions of the vital unit to which he gives 
the name of biophor may be shortly stated. He takes the diameter of a molecule 
at a millimetre (instead ol the on(‘ millionth) and he aasuraes that tin', 

biophor contains 1,000 molecules. vSui)p<)se the biophor to be cubical, it would 
contain ten in a. row, or lOx 10 ^ 10 = 1,000. Then the diameter of the biophor 
would be the sum of ten molecules, or ^ooiirtro x 10 - 2 TT 0 o\»r )0 lioonix. of a 
millimetre. Two hundred biophors would therefore measure or mm. 

or 1 fi (micron ~ mm.). Thus a cube one side of whicli was 1 fx would 

contain 200 x 200 x 200 - b, 000,000 biophors. A human red blood corpuscle 
measures about 7'7 p; suppose it to be cubed, it would contain as many as 
f‘3,662,264,000 biophors. If tlie biophor had a diameter of io 0 T>Viro(> the 
number would be much smaller. 

Now if the smallest particle that can be seen ( mm.) may contain 1,250 
molecules, let us consider how many exist in a biophor, which we may imagine as 
a little cube, each side of wliich is .^orh^ixrt mm. There would then be live in a 
row of such molecules, or in the cube 5 x 5 x 5 = 125 molecules ; and if the half 
consisted of water about sixty molecules. 

Let us apply these figures to the minute particles of matter connected with tln^ 
hereditary transmission of qualities. The diameter of the germinal vesicle of the 
ovum is A) of a millimetre. Imagine this a little cube. Taking the diameter of 
an atom at of a millimetre, and assuming that about fifty exist in each 

organic molecule (proteid, &c.), the cul^e would contain at. least 25, ()00, 000, 000,(100 
organic molecules. Again, the head of the spermatozoid, which is all that is 
needed for f be fecundation of an ovum, has a diameter of about ^ mm. Inuigiue 
it to be cubed; it would then contain 25,000,000,000 organic molecules. Wlien 
the two are fused together, as in fecundation, the ovum starts on its life with over 
26,000, 000, (X)0,(X)0 organic molecules. If we assume that one half consists of water, 
then we may say that the fecundated ovum may contain as many as about 

that he wjis using the periods of fatal illne.s.s ought to have varied, wliich the}’ di(3 
not do very much. Taking evci \ Miir.g into account, while infection by a toxim 
cannot be absolutely excluded, -■ !‘i i** I'ue cases of foot-and-mouth disease and horse- 
sickness the experiments I think strongly indicate that it is actually some form ol 
life wliich passes through the filter. 
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1 2,000,000,000,(300 organic molecules. Tlie organic molecules we are considering 
are such as build up living matter, namely, proteids, fats, carbohydrates, saline 
substances, and water. There is, however, no satisfactory evidence that they exist 
as such in living matter, and it may be that they are formed when living matter 
dies. Thus the molecule of living matter may be a much more complicated 
molecule than even that of such a complex proteid as haemoglobin, so that it may 
contain 10,000 atoms. Hut even if this were the case the fecundated ovum might 
yet. contain 1,200,000,000 of such complex molecules. (Jlerk Maxwell’s argument 
that there were too few organic iiiolecnlesiiianovum to account for the transmission 
oi hereditary ])eculiariliea does not apparently hold good. Instead of the number 
of organic molecules in the germinal vesicle of an ovum numbering something liko 
a million, the fecundated ovum probably contains millions of millions. Thus the 
iniaginationcan conc(*ive of complicated arrangements of these molecules suitable for 
the development of all the parts of a highly complicated organism, and a suflicient 
number, in my opinion, to satisfy all the demands of a theory of lieredlty. Su(di a 
thing a.s a structureless germ cannot exist. Each germ must contain peculiarities 
of structure suflicient to account for the evolution of the new being, and the germ 
must therefore, be considered as a material system. 

Further, the conception of tlu^ physicist is that molecules itro more or less in a 
state of movement, and the most advanced thinkers are striving towards a kinetic 
theory of molecules and of atoms of solid inRtter which will be as fruitful as the 
kinetic th(‘ory of gases. 'Fho nltiniato elements of bodies are not freely movable 
each by itself ; the elements are bound together by mutual forces, so that atoms 
are combiiu'd to forpi molecules. Thus there may bo two kinds of motion, atoinie 
and molecular, Hy molecular motion is meant Hhe translatory motion of the 
centroid of the atoms that form the molecule, while ns aiomic motion wo count all 
the motions which the atoms can individually execute without breaking up the 
molecule. Atomic motion includes, thmdbre, not only the oscillations that take 
]dace within the molecuhs hut also the rotation of the atoms about the centroid of 
the molecule.' ‘ 

'rhus it is conceivabh' that certain vital activities may bo determined by the 
motion that takes place in the molecules of what we speak of as living matter. 
It may bo different from some of the motions known to physicists, and it is con- 
ceivable that in the state we call living there may be the transmission to dead 
matter, the molecules of which have already a kind of motion, of a form of 
motion mi f/r/tcris. The iinasrinatioii fails to follow the possible movements of 
molecules in a particle of living protoplasm. Wo cannot grasp the wondrous 
spectacle of the starry heavens with its myriads of orbs all in motion, each motion 
being rigorously determined. Hut if we could see into the structure of living 
matter, wo would tiud another universe of molecules in movement, and here again 
we would also lind the rigor of law. On the character and complexity of these 
movements will depend the physical and chemical phenomena manifested by this 
living matter. Tiu‘ chemical irritability of living matter which is perhaps one 
of its most riMiiarkable characteristics, the ra])id series of chemical exchanges 
going on between its own parts and between itself and the matter surrounding 
it, the changes in surface tension, in elasticity, aii<i tlie changt\s in electrical 
condition, are all in somi* way associated with the mo\enu'iits of the molecules of 
which it i.s constructed. It will only be when we have grasped the significance of 
these molecular mo^elllents that wi‘ will be nb]«" to gi.ve a rational explanation of 
the ultimate phenomena of the living sttite. Just as the physicists of to-day are 
striving towards a dynamical conception of the plieuomena of dead matter, so T 
believe the physiologist.^ of to-morrow (a far oil* to-morrow) will be striving 
towards a dynamical conception of life founded on a molecular physiology. 

1 offer these remarks with much diflidenco, and I am well aware that much 
that I have said may be regarded as purely speculative. They may, however, 
stimulate thought, and if they do so they will have served a good purpose. Meyer 
writes as follows in the introduction to his great work on ‘ The Kinetic Theory of 


‘ Meyer, Kinetic Theonj of Oases, Translated by Baynes, London, 1809, p. 6. 
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Gases/ p. 4 : — ^ It would, however, be a considerable restriction of investigation 
to follow out only those laws of nature which have a general application and are 
free from hypothesis ; for mathematical physics has won most of its successes in 
the opposite way, namely, by starting from an unproved and improvable, but 
probable, hypothesis, analytically following out its consequences in every direction, 
and determining its value by comparison of these conclusions with the result of 
experiment/ 

The following Papers were read : — 

1. On the Use of the Telephone for inveetif/atint/ the Rhytlunlc Phenomena 
in Muscle. By Sir John Burdox Sandeksox, Bart., F.R.S. 


2. An Experiment on the ‘ Motor * Cortex of the Monkey. 
By Professor C. S. Suerringtox, F.R.S. 


3. Arsenical Pigmentation. By Professor J. A. Waxklyx, 

The publication of Bimson’s splendid rosenrclios on * A Xi‘w S«*ru's of Organic 
Compounds containing xS’itmgvn us a Constituent ’ wus ])rcfacod hv a M'ly 
remarkable pronoiuiccinout in ‘ ]’ogg(‘ndorll‘*N Annali^n ’ in the vear 1H37. The 
curious liquid known as Cadet ’.s fuming liquor, and dis(*o\en‘d in 17()(). laid for 
many years been mentioned in the thi*n current cln'inical literatim', and in 
accordance with tlio views then ])revalent among elieini^t" anus looked upon a> a 
compound of acetic acid Avitli ai>enic. Bunsen's researehes IumI couipleteh ‘^et 
aside that view of the constitution of the liquid, and in bringing liis reMilts Indore 
the chemical Avprld Bunsen announced tliat the conqiounds of iu>enic lesemhli'd 
the compoundsbf nitrogen rather than the compounds of tin* common met a 1>. 
Carbon, hydrogen, oxygen, and iiitrogeii had been called tlie organic ehnnciits. 
Bunsen hinted that urseiiK! bidongcd to tho organic el(‘m<'iit>. and maintained 
that oxide of kakodyl (which exists in Cadet’s fuming liquor) and kakodilic 
acid (which is obtained by oxidising Cadet’s fuming liquor) are orgunii! com- 
pounds in whicli arsenic lias been substitut'd for nitrogen. 

Tlio utmost diversity prevails among organic coni]M)UiHls containing nitrogen : 
some are A’irulently poisonous and others aiv harmless ; some are colourless and 
other.s are dye-sturt's ; and a like diversity is found in the compounds of arsenic. 

On the present occasion 1 wisli to call att<*ntion to an organic arsenical com- 
pound, which is a red pigment discovered bv Bunsen about sixty yi'ars ago, ami. 
named * Erytrarsin.’ According to Bunsen’, s analysis, its composition is c-\ pressed 
in the formula G|lI,.,As,,0 ^. 

It is described by Bunsen as being very diliiciilt to obtain, being one of the 
oxidation products of kakodyl ; but the conditions unrler Avhicli it- is produced are 
so little understood tlint from 100 grammes of oxidi^ of kakodyl the yitdd of 
erytrnrsin was only half a gramme. Apparently, howcjvcr, it avouIcI seem that 
traces of it aro frequently, and ])erha])8 ahvnys, formed during the pri'paration of 
kakodyl. 

In a recent prciiaraiion cif kakodyl in an unusual manner in my laboratory I 
have obtained it, and if 1 am not deceived the yield is not quite, so small as when 
kakodyl is produced in the usual Avay. Tin* solid hydride of arsenic is said to be 
a pink solid. Arsenical films, as is vrell knoAvn, vary greatly in tints : they may 
be black or various shades of broAvn, and even yellow. Under ci'rtnin eircuin- 
staiices it Avould seem that arsenic enters into combination Avith carbon and forms 
a black substance. There is also the well-known yelloAV suljphurot. In lim', 
arsenic and its compounds afford abundant scope for great variety of coloration 
in cases of arsenical pigmentation. 

Kakodyl (which is a compound of carbon, Iia Jn-g^en, and arsenic) is a liquid 
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which possesses the property of hciD^ spontaneously infiammahle. At the time 
of its discovery in 1837 kakodyl uiibrdod the only known example of a liquid 
which at once burst into dame on exposure to the air. The f^as phosphoretted 
liydrogen (which takes tire spontaneously) was known to chemists, and the solid 
phosphoriiH was also known. Since tlm discovtny of kakodyl a crowd of spon- 
taneously inflammable substances liav»‘ come to lij^ht. Twelve years later on — 
1848--1849 — the singular substances zinc methyl and zinc ethyl were discovered 
in Bun^en’8 laboratory by tlu3 late Sir Edwai'd Frankland; and after another ten 
years (also in Ihinseiis laboratory) Wanklyn added to lli(‘ list potassium ethyl, 
sodium ethyl, lithium tithyl, calcium fthyl, and strontium ethyl. 

SpontaiM'ous inllainmability implies that the substance exerts chemical action 
energetical hj and irit/i /aril if f/. 

Kakodyl of the year 1^37 fired spontanf*ously, and also combined at once with 
sulphur, chlorine, bromine, and iodine. But kakodyl did not decompose water. 
Zinc ethyl (1817 -48) not. only combined w’ith all the elements just mentioned, but 
it was powerful enough to decompose w'attT in^tantaneou^ly, 

Sodium ethyl (l857-»'>8) displayed energy enough to decompose carbonic acid 
itself instantaneously, and at ordinary temperatures. 


4, The Phyaicuf Properties of Caseinogen Salts in Solution, 
By W. A. OsnoRNK, D.Sc, 


5. Colour Visio7i, By F, W. Kdridoe-Greex, J/.2>., F.R,C,S. 

Tlie hypothe.Mis which I have brouglit forward for discussion at this meeting 
is that light falling upon the retina liberates the visual purple from the rods and 
a photograph is formed. The decomposition of the \i 3 ual purple by light chemi- 
cally 8tiiuulate.s the ends of the cones and a visual impulse is set up, which is con- 
veyed through the optic nervi* fibrt's to the brain. I assume* that the visual impulses 
caus<»d by the diflereiit rays of light diflVr in character just as the rays of light 
difler in "wave length. Then in the impulse itself we have the physiological basis 
of light, and in the quality of the impulse the phy-siological basis of colour. I 
have assumed that the quality of the impulse is perceived by a special perceptive 
centre within the power of perceivinur differences possessed by that centre or 
portions of that centre. 


FRIDAY, SEPTEMBER 13. 

The following Papers were rend : — 

1. A Demonstratifru of Ap}>at'atus employed in Pesea7*rhes 07i the Suhject of 
Phonetics, By Professor J. U. McIvKNDiiirK, F,R,S, 


2. ResUn^atlon of Vnlu7itary More7nent after Alte.ratio7i. of the AVrra- 
supply hy Nerve -e7'oss\ng^ or Anasto}7wsis, By R. Kennedy, J/.Z). 


SA TUB. DA r, SEPTEJrnER 14. 
The St*ction did not meet. 
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MONDAY, SEPTEMBER 16, 

The following Papers were read : — 

1 . Note on the Action of Oxalates upon the Relationship of Calcium Salts 
to Muscle, By W. Brodie Brodie, M,B, 


2. Can Solut ions of Native Proteids exert Osmotic Pressure ? 
By Professor E. Waymoutii Keid, F.R,S. 


3. An Ionic Effect in the Small Intestine. 
By Professor E. Waymoutii Reid, F.R.S. 


4. Has the Spleen a Ilannopoietic Function ? By D. Noel Patox, 
Lovell Gulland, L. J. S. Fowler. 


5. The Measurement of Yis'aal Ilhision. 
By Br. W. 11. R. Rivers. 


TUESDAY, SEPTEMBER 17. 

The following Papers were read : — 

1. Ohseri^ations %vith Gallon^ s Whistle, By C. S. Myers, 


2. Demonstration of a Model showiny the Mechanism of the Frofs 
Tonyue. By Professor ATarcus JIartog. 


The following Reports were received by the Committee : — 

L Report on the Micro-chemistry of Cells , — See Reports, p. 445. 

2. Interim Report on the Physioloyical Effects of Peptone, 

3. The Chemistry of Bone Marrow , — See Reports, p. 447. 
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Section K.-~ BOTANY. 

President of the Section.— Professor I. Bayley Balfour, B.Sc., F.R.S, 


TTTURSDA F, SEPTEMBER 19. 

The President delivered tht; following Address : — 

I siiovj.i) be wanting in my duty, alike to you and to our science, were I at the 
outset of our proceedings to pass over without notice the circumstances of environ- 
ment in which we jiasemble to-day. In this, the iirst year of the century, our 
Section meets for the tirst time in Scotland, and iinds itself housed in this magni- 
licent Botanical In.stitute, which, through the energy and devotion of Professor 
Bower, has been added this year to the equipment of Botany in this country. A 
few months ago the Institute was opened in the happiest auspices and with all the 
distinction that thu presence of our veteran botanist. Sir Joseph Hooker, supported 
by two other ex-Presidents of the Royal Society — Lord Lister and l.ord Kelvin — 
could give to the ceremony. I am sure we will cordially echo the words of good- 
will that W(*re spoken on that occasion. It must be to all of us a matter of con- 
gratulation that Botany has now pi'ovided for it in Glasgow this Institute both 
for its teaching and for the investigation of its inner secrets, and we may with 
contidence hope that the output of valuable additions to our knowledge of plant- 
life wdiich has marked Glasgow during the tenure of oliice of its present dis- 
liiiirui’^lied Professor of Botany, and in which he himself has l)oriie so large a share, 
will not only continue but will increase in a ratio not incommensurate with the 
facilities that are Jiow provid(‘d. 

The subject of my addres.s is the group of A n.:l"'p-‘nn*'. 1 will speak gene- 

rally of some points in their construction from tin- p'-ini « f view of their position as 
the dominant vc'getation of tln^ earth’s surface at the ])re8ent tiim*, and move par- 
ticularly of their relation.ship to water, as it is one which has much to do with 
their holding the position they now hav<*, I wish, however, in the first place to 
refer to 


The Conwiunal Orgauisailon of Anyiospe.rms. 

No fact, of tlio const ruction of the plant-body that has been established within 
recent years is of greater importance than that of the continuity of protoplasm in 
pluricellular plants. As has been the case with so many epoch-making discoveries, 
wo owe our nrst loiowledge of this to the work of a British botanist. The de- 
monstration by Gardiner of the existence of intercellular protoplasmic connections 
is the foundation of our modern notion of the constitution of the pluricellular 
plant-body and of the far-reaching conception of the communal organisation of 
Angiosporms and of all other AfetaphytaJ It has settled, once and for all, 

‘ Metaphyta and its antonym Protophyta arc well-established names for groups of 
polycrgic and monergic plants respcctiveiy. The recent appropriation of Metaphyta 
as a group name for Vascularos, ?.c., plants derived from the second antithetic 
generation, and of Protophyta for Cellularcs, plants derived from the first anti- 
thetic generation, is unfortunate. 



820 


REPORT — 1901. 


phytomeric hypotheses. We now realise that in an Angiospermthe living plurinu- 
cleated protoplasm is spread over a skeletal support furnished by the cell-chambers 
of shoot and root. The energid of each living cell is connected with the adjacent 
energids by the protoplasmic threads piercing the separating cell-membrane. The 
protoplasm thus forms a continuous whole in the plant. According to their 
position in the organism the tmergids become devoted to the formation of special 
tissues for the building up of the various organs. Each one of them, however, 
whilst its actual destiny is ultimately determined by its relationships to the otliers, 
is, so long as its fate as a permanent element is not lixed, a potential protophyte, 
that is to say, it has within it all the capacities of the plant-organism to which it 
belongs. 

Their construction out of this as«;emhlage of protophytes — this colonial, or 
perhaps better communal, • *■ .rf' i'* ■“ '‘ves to Angios])erms their power of dis- 
carding effete and old parts of the plant-body without mutilation, of allowing theso 
to pass out of the region of active life yet to remain without damage to tlu‘ 
organism as part of the body, of renewing and replacing members as required. 
The response of the plant to the various horticultural operations of pruning, pro- 
pagation by cuttings, and so forth is an outcome of this constitution. Jt is this 
which gives them the power of developing reproductive organs at any part of the 
plant-body, to cast them off when their work is done, and to renew them again and 
again. This dispersion of the reproductive capacity in the Angiosperm is one of 
the most striking of the properties it possesses, and is jierhaps in no way better 
shown than in the development of stool-shoots. There the energids of the cam- 
bium, which normally produce the permanent tissue of wood and bark, and thereby 
add periodically to tlie girth of a tree, give origin wditm the relationships 
are changed by the cutting over of its bole to a callus from which stool-shoots 
arise as new growths, which may ultimately produce flower and r(‘productive 
organs. 

Another outcome of this organisation of the Angiosperm is its power of 
extension and its longevity. It is potentially immortal. How fur this expecta- 
tion of life of a pfdnt is realised in nature wo have no evidence to show. Possibly 
we may presage the longest life in the case of perennial herbs. Trees and shrubs 
by their exposure in the air are liable to injury which must militate against long 
life, and yet cases of trees of great age are well known to you all. 

It is this feature of the life of Angiosperms which marks them out sharply in 
contrast with the higher members of the animal kingdom. There wo have indi- 
viduality, and consequently comparatively short life. Jiet me omphasi.so this. 

Of the Vegetable Kingdom and the Animal Kingdom^ 

The root-difference between plants and animals is on(i of nutrition. Plants are 
autotrophic, animals heterotrophic. 

Whatever has been the origin of the two kingdoms, wo must trace the dilfcr- 
entiation of plants to their acquisition of chlorophyll as a medium for the absorp- 
tion of the energy of the sun. The imprint of its operation is borm* in the 
construction of all higher plants and distinguishes them from animals. The 
vegetative mechanism of the plant has been elaborated upon lines enabling it to 
obtain the materials of its food from gases and licpiids winch it absorbs from its 
environment. For the plant the primary requisite has been a suflicient surface of 
exposure in the medium whence it could obtain energy along with the gases and 
liquids of its food. To this end the fixed habit is an obvious advantage, for the 
question of bulk within the limits of nutrition becomes thereby not a matter of 
moment; and an upward and a downward extension gives opportunity for the 
creation of a larger expanse of absorptive surface. Thus it has come about that 
the plant-organism has developed that polarity which tinds expression in the pro- 
fuse root-system and shoot-system with their localised growing points of the 
highest forms of to-day. That the communal organisation is well fitted to this 
mode of life requires no exposition. 

The nutritive mechanism of animals, on the other hand, has become one for 
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the ingestion of solids which it obtains by ])reyiiig upon the bodies of plants and 
other animals. The exigencies of its feeding have compelled the adoption by the 
animal of the habit of locomotioiii the development of an apparatus for the capture 
of its prey, and of an aliment aiy canal for its introduction to the body, for its 
digestion, and for the linal ejection of the unused matter along with the waste 
of the body. This has involved the concentration and tlio sj)ecialisation of the 
individual. 

All this is, however, to you botanists hut the commonplace of your laboratories 
and lecture halls. JJut 1 have thought tliat it should be said, because this 
fundamental difierence of organisation lietweun the two hingdoms is apt to bo 
forgotten in discussions r)f problems of evolution, more particularly those of trans- 
mission of characters and the elfect of environment. This is esjiecially so when 
they arc approached from the zoological side. Were the point always recognised we 
should not have zoologists lindiiig siinilarity hot ween bud-varia* ion in a flowering 
plant and the change in colour of the hair of a mammal. 

0/ Origin and Dominance of the Type. 

It is now usually admitted that all plants, lik(‘ all animals, have been derived 
from aquatic ancestors, and that the trend of evolution has been in the direction 
of the establishment of a vegetation adapted to a life on land. Of this evolution 
the Anji-i-i.i rm-. a*^ we ^.ee tliem to-day are the liichest exin-es&iou. Can we say 
anything about the origin of the angiospermous type I" .flus the problem presents 
itself to me we can only mark time at present. 

From llip geological record we obtain no help. The earliest traces of 
Angioaperms in rocks of the middle Mesozoic period enable us to r^ay little regard- 
ing them I'xcept that tlie fragiUfiits give i'videiici* of an < as complete 

ns that ■j>o>sesse.l by the AiJgiosperiii>. of tlu* po^'cnt day. 'J’he gap between the 
angio.>j)ennou.s and other types of \egetalion is a^\ iih* one, and no links are known. 
Until further research ])Vo\ides spfeimens in a belter state of preservation and 
showing struct are we ( an hope for little as^islanee from the geological lecord ; 
and when we consider t lie circumstances in ^\ hieh the angios]»ermous plants as a 
whole grow the ^misja-et of such linds iloe*- not a]»])eai’ tt> he \»‘rv lirighl. 

'fhe aijpe^d to onlf^geny libe\%i.'.e ns little iiifonnnthm. Com]»arali\e 

sliidy d(M‘s not esiahli>li 4*enneeiKMi with, only tlillei’entiates more and more, the 
ty])es of the Ptondo]i]iyt4‘.n and ( JMnnt»spern s. 'fhe strong likeness id' tiie 
]»ro-embry4» after I lie ^niinarv M'gnientatioii (»fiua»iy .Xngiospi rms to the pio-cnibrvf* 
of many Hr\<q>li\tes has appear» d a sullicioiit reason lo s"me hntaiiists forascribing 
a bryopliylous p inmtnjie to the Anuriosperms. Indeed it has ht(*n said that the 
mouocot\ lolls enibi\(» is tlie direct hoiuologiu* ef the sporiigimium of the ino'"-’, the 
cotyledon hi*ing homologous with the spore-producing portion ol this out of which 
it originated.’ 'I'liis amqdiytic concejuiou of tlie inonocot>lous embryo seems to 
me to lijivo as little real foumlathm a- the h>polhesis of it.' oiigin. The pro- 
embryonic rcsemblamc is iiUerusling, but it 'may as well be homoplastic as 
gemdic. 

JJut if the information ;i>ailable to n.? does not permit of our building up a 
]>edigree for the Angii'spenus, ^^o an* on surer ground wlu-n wi* eiuh inour to iix 
upon characters which hate enabled the gron]) lo become established as the 
dominant vegetation of our epoch. Before tin* era at wliich we have iirst know- 
ledge of Angios]M*rm.s the <*arth’s surface was, we know, clad with a dense vegeta- 
tion composed of members of the various classes of rteritlo]>liytes and Ciymuosperms. 
These appear to have I’xisted in all the .rrowth-fi rm-' which wo know now amongst 
the Angiosperms — Herb, Shrub, Tree, Liane. \ct. they an* now represented 
amongst living plants by only a few remanent forms. Hordes of distinct forms and 
whole claK^scB have disappeared, giving place to plants of the angiospermous type. 
There must then be some feature or features of advantage in this type over those 
of the groups that previously occupied the ground, and through which it became 
dominant. 

In considering this point we must bear in mind the well-known climatic 
diilorences-^particularly in the distribution of water«»>that distinguishes our epoclb 

1901. 3 a 
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from those in which these extinct plau£s throve. The factors which determine the 
success or otherwise of an organism or group 6f organisms at any period must 
always be complex, and no exception can be jclaimed for plants in their struggle 
for mastery. But looking at the 8ncct‘3sion of plant-life in the world in relation 
to the known diminution of water-surface and increase of land-area, and the 
consequent differentiation of climates, we cannot hut he com inced that of these 
factors water is one which has had supreme iniluence upon the evolution of the 
facies of the plant-life that we see to-day. I think the statement is warranted 
that the Angiosperms have hecomo dominant in great measure because in their 
construction the problem of the plant’s relationship to water on a laud-area has 
been solved more satisfactorily thaji in the case of the groups that preceded 
them. 

The seed-character — and tin; llower which it iiKolvc.- -ili&tiiigui>hc«- thi« 
Angiosperms. What, then, are the relationships to water which the formation of 
seed implies and through wdiich the Angiosperm has advantage ? 

Two prominent risks in itr. relation to water attach to the process of sexual 
reproduction in a plant of the type of Iioterosporous Pteridophytes. Firstly, that 
of failure of moisture on the s( 2 ii sufficient to promote germination of the s])‘»rcs ; 
secondly, that of failure of moisture on the soil sufficient for the passage of the 
spermatozoid to the ovum. In addition there is the risk of failure of the fall of 
microspores and megaspores together upon the soil. In the Angiosperms such 
risks are practically abolished in the formation of ffower. The stigmatie surface 
of the style itself provides a secretion — the more copious in a dry and sunny 
atmosphere-rr-to moisten the pollen-grain and stimulate -./i and for the 

spontaneous movement of the spermatozoid is substituted the pa.'Si\e carriage in 
the male gamete to the ovum by the agency of tlu‘ pollen-tube. Possible failure 
of pollination is, too, provided against by the complex mechanism of the ffower in 
the highest forms in relation to insect- visits. The sexual act, tlien, might, we 
conceive, gradually become nior(' and more difficult of consummation to the 
Pteridophyto as thi* area of dry land increased. To tlie seed-plant it was moi’o 
secure oy its independence of the presence of free water. TJie failure of perform- 
ance of the function of sexual reproductuiu may have liasteind the disappearance 
of Pteridophytes before the advance of the Angiosperms. 

But if this llowcr-meclianism relieves the Angio'^jierm from ri^ks in the per- 
formance of the sexual net, it imposes a new dutv npmi the plant, llinl of iiurMiig* 
the embryo within the sporangium. This invi>hes a water-supply of {i kiinl not, 
demanded in the Pteridopliytes, and we may gain some idea of tin* import ance of 
this by a comparison of the trivial \ji^cular ,>> stein rt‘»pijred tf> supply through tlie 
stamen the p"’ii-ii--rr.il:j. dh the co]>ious in that (raveiv.s I ho gymcc»Mun for 
the ovules. It . , i. ivv, ■, to the ovulc'-tljo immediate nurser\ of the emhr\o- 
that we must look for special indiciitiouo cd’ thi^» water-rehition.-lnp of winch I 
speak. 

Perhaps no organ has given rise, to more discussion than this cluiraeteristie, one 
of ilowering plants. To most of m I believe the controversy ov(‘r its axial or foliar 
nature will be, in a measure, historical only. All recent inve>sligation8 of sporangia- - 
and to no one does Botany owe more in this respect than t(j Bower tend to contlrm 
the view that it is, and always has been, an organ mi f/r/irris, I’o that category 
the nucellus of the ovule is now pretty generally admitted. It is the body of *a 
sporangium. But the nature of the tegumentary system and of the funii-hi which 
give the ovule so distinctive a character is .still the subject of dihagreemciit 

I do not share a view which sees in the ii.'- _-iin;, ; t > i. i-ther part.s of the ovule 
anything of an axial or of a foliar nature, ‘i .. ii;- i', i :i: is a sporangiophure - - 

' Scott’s discovery of a bracteal investment to the ruegasporangium in Lepido- 
carpon is an interesting one in relation to the question of the enclosure of sporangia. 
It shows how in the Lepidodendre® a covering of the sporangium could be developed, 
much in the same way a.'s a carpellary envelope in Angiosperms. Whether the 
ovular integument or the ovarian covering in Angiosperms was the earlier develop- 
ment is open tp disQUssion. Lam disposed to give precedence to the ovular coat. 
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a sporajigial stalk — and tho tegumentary system is an outgrowth of tho sporangial 
primordium of somewhat variable origin and development, whose first function it 
is to carry and store water for the embryo, and then also fo serve as a food- 
reservoir. The whole construction is adapted to the function claimed for it. The 
well-develoj)ed vascular system from the placenta traverses the funicle, but the 
subsequent fate of the nucellus forbids its passing through this, and tho needs in 
respect of water (and what it carries) of the embryo and of the other furtlier 
de\elopments that proceed in the embryo-sac are provided for by the production 
of ihe tegumeiitary outgrowths into which the vascular system may, if necessary, 
be continued and spread out. 

That the tegument ary covering has this function we have direct proof in its 
penetration by haustoria, derived either from the embryo itself or from the embryo- 
sac, which absorb from it water and food for the developing embryo. TJicse 
haustoria appear to be much more elaborate and more widespreeui than has been 
supposed, and a definite correlation has been established in many cases between 
them and the integuments. The thicker the integument the better developed is 
the haustorium. In some ovules where no vascular system appears in the 
integumimt, the chalazal haustorium is prominent, and it can therefore at oti'ce tap 
the main water-supply of the ovule. We know also of cellular ingrowths pro- 
ceeding from the vicinity of the vascular system of the raphe to the interior of the 
embryo-sac, and these, too, may have a conducting function. -Vll these point U> a 
waU'r and nutritive function in the integuments. The protective function of the 
tegumentary system to which attention has been chiefly direct^ed must be primarily 
only slight. It only becomes prominent as the seed is formed, and then changes 
consonant therewith, and with its changed function, proceed within it, Xor can 
we now, with our iucrea ud l.iiwwledifr of the way»s in which the pollen-tube may 
reach the embryo-sac, r ihc function of the intci'umort^ in forming the 

inUTop>lar canal as one of so much importance fo the reproductive act as was 
f(»rmorly supposed. We obtHin, 1 think, a belter conception of the ovule in the 
view that the primary functioiiof the tegument ary system is that of a water-jacket 
and food-store, and that it has ])eon developed in response to tho special demands 
for wat(‘r involved in the .seed-habit.* 

To the question why tlunv are two ii t* .•ii.'ii. hi.- in some cases and only one in 
others we can only re])ly 1 hat our hih)w'**dge «)vular structure and changes is 
vet too .-light to permit of a definite opinion being expressed. We find that there 
is a remarkable concurrence of the unitegminous ovule Nvitli n L^^IV. pirt di n* corolla 
in the flower, lor tin* cliaracter apparently holds for the w^boJe of the gamopetalous 
IficotyledoiU'S excepting Primulules. On the other hand, not all PolypelaUo have 
Integiuinous ovules, w hilst hi'i jiui'i.x i.«! usual in Monocotyledones. lleceiitlv the 
ehara.ider lias been used by \ an Jhegliem as one of prominence in his new clu.-sifica- 
tion of the Ihmilie.- of Dieotyledones. But it is not so constant an one as his 
groups of 1-niteginineie and liitegminea? xvonld lead one to suppose. The 
degree in wliieli it is inconstant we cannot yet fix, because >ve know details of so 
lew^ genera. W'e tlo know, however, that nil genera in one family ore not ahvays 
alike in ri'specL of it. In Uamuiculacea', for instance, the most of the genera with 
radial flowem are unitegminous, whilst those with dorsi ventral flowers are 
bitt'gminous. Again, in Kosacem, ihe Potentilla) are nniregiuinous, ns is Bosa, 
whilst Poniefc and Priineie are bitegminous; and of the tSpirmoio, Neillia is 
unitegininou.<, but the closely allied Spinea is bitegminous.* In other cases tho 

* To discuss the morphological interpretations of the funicic and integument that 
have been advanced would carry me beyond the scope of this address. I do not 
know that an axial hypothesis for any pan of the o\ ule now maintained. The foliar 
interpretation of the funicle and integuments as against their sporangial nature is 
supported by two distinct schools of botanists. One approaches the subject from the 
standpoint of the anaphytose of the earlier years of last century, and appeals largely 
to teratology ; the other from that of vascular anatomy, I do not accept the 
starting-point of either the one or the other. 

* Spireea is, however, exalbumlnous, whilst Neillia is albuminous. 
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character confirms distinctions; as, for instance, in the unitegminous 

Betulem and (^rylese from the hitegminous Quercineas. iho explanation of all 
these constructions may, I suggest, be sought for with better prospect of success 
ill the water-relationship and food-relationship of the integuments to the embryo 
than in protective function and relations to pollination. It is, perliaps, not without 
significance from this point of view that in, for instance, the Gamo|>etahc such 
protective function as attaches to the tegumentary system in the seed is reduced 
or extinguished through the development of indehiscent fruits, accompanied in many 
Aggregatse and higher TIoteromene by the sinking of the gymeceum in the torus, 
and in many Bicarpelletm by its enclosure in a persistent accrescent calyx. 

All the information at our disposal seems to indicate that the teguiuenlary 
system of the ovule is extremely adaptive, and that its characters are not of them- 
selves of much phyletic import. An extended examination of its characters as an 
organ of the nature I have depicted in relation to cmbiv _ ai'y needed. 

Jt is made all the more interesting by the questions of d- \ \ uclosporm 

opened by the discovery of * double fertilisation.’ There is no more promising field 
of investigation than this, for it must yield results infinitely more interesting 
than the technicalities of formal morphology which have been for too long the 
stimulus to ovular research. I am tempted to go further and to say that it might 
supply an explanation of that most puzzling of subjects, the forms and curvature 
of the ovule. The common assumption that these have lelation to pollination and 
make the advent of the pollen-tube at the micropyle easier is not altogether satis- 
factory. For the curvature not infrequently seems to place the micropyle in a 
position the opposite of favourable, and there is an absence of curvature in cases 
where it would appear to be desirable. 

I will not dwell upon the subject of the seed itself as an advantage to the 
Angiosperm. Its construction follows upon tlie successful water-relation pre- 
viously secured. We all know how its manifold adaptations to di>'Seminatioii 
}jring about its fortuitous deposition upon \arioii8 soil.s, and the embryo is placed 
well guarded within the seed-coat rea<iy to take ad\'aiilago of the moment when 
moisture is sufficient for its germination. 

Whilst the seed-habit is the character whicli bus ])rini«i'ily giv<‘n to Angio- 
spenns their advantage a land-type,' their vegetative organs also show an 
advance in their relationship to water upon tliose of tin* form.s they have sup- 
planted. I have already remarked that the growth-forms of the vegetation of the 
present day are the same as those of old. That means that the early a.s well a.s 
the later groups of vegetation liave solved in mucli the same way, .so far as gt*m‘rul 
form is concerned, the problem of the exposure in the atmo.spliere of a large 
assimilating area with a sullicient meclianical suj)port and adequate water-supply. 
That wherever a water-carrying system is found in these growth-forms it dominate.s 
the anatomy is witues.s to the importance of the water-relatiou8hip.y I wish to 
emphasise. 

There are t'wo features in the viater-carrying .system of Angiosperms in which 
they are superior to the older types — namely, their general monostely and their 
vasa. 

No one will conte.st that polystely i.s a les.s ])erfeet mechanism for water-carriage 
in a nias.sive plant than is monostely. The limitation impo.sed by it In an incre- 
ment in the area of carriage contrasts unfavourably with the openne.sM m this 
respect possessed by monostely. In the moister climatic conditions of the age of 
domination of Pteridophytes polvst- ]\ may have well Hufliced for Ihe water-needs 
of the plants, especially of the dwarfer forms; but oven then, as we know, mono- 
stely was the habit in many of the larger tree-forms, and the development of a 

' Gymnosperms, sharing with Angiosperm.s the seed-habit, have in that had 
advantage over Pteridophytes. But their flower-mechanism is much less perfect. 
The reasons for their being bested as a class by Angiosperms must be complex. 
Gymnosperms, as a whole as we know them, are less adaptive than Angiosperms. 
The decadence of the oycadean line of descent may have been helped by their con- 
servatism in the methods of water-carriage in the vegetative organs. The coniferous 
type has held its own in the Northern Hemisphere. 
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cambium enabled them to provide for continued additions to their carrying systfiin. 
"Where such monostely and secondary growth occurred in these older types their 
adaptation in these respects to w: * . • was on lines similar to those of our 

dominant Dicotyledones and was etlective in giving them dominance in their 
epoch. There is no more interesting page in the history of evolution than that — 
and we owe ir in large measure to the labours of Scott and Seward — upon which 
is depicted the struggle of some polystelic forms amongst these old plants to 
achieve the structural facilities more easily attained through monostelic construc- 
tion, The existence of polystely in a few Angiosperms only confirms the advantage 
^Yhich the whole group has derived from its monostely. Such polystelic forms 
amongst them as we know have many of them special water-adaprations, and in 
no case can they he said to he progressive types. 

I do not need to remind you that vasa are not the exclusive possession of the 
angiospermous type, but they are the conspicuous feature of their carrying system, 
wliilst the tracheid is the leading one in the older type of vegetation. All ana- 
tomical evidence indicates that vasa give pn-nt'-r facility to rapid transport 
of water than do other elements, and we may, : -lerefi.r- , conclude that they have 
been adjuvants in enabling the Angiosperm to meet effectively the demand" made 
upon it by the drier atmospheric conditions. 

I now pass on to consider from the same standpoint the classes which make up 
the group of Angiosperms. 

Of the Clafises of Angiosperms. 

There has been for long a general n'cognition of two classes amongst the 
Angiosperms — Dicotyledones and Alonocotyledones — si^parated one from the other 
by definitive characters which I need not specially depict here. Decently, how- 
ovf'r, we have seen an attempt made by Van Tieghem to establish another clas-s-- 
that of Liorhizal Diootyh'dones — for which is claimed a rank equal to that of the 
Dicotyledones and Monocotyledones. Were this valid it would be a matter of 
supreme importance, for whatever l)e the relationship between DicotyhHlones and 
Alonocotyledones there can be no doubt of their having developed as distinct 
groups within the whole period of which we have knowledge of them, and the 
(existence of a third class interraediate or outside of them might lead to interesting 
coiH'lusions. It is worth while, therefore, to consider the evidence on which this 
cla«s is founded. It iucdiulcs two of our recognised families— the Nymphccacoio 
and the Gramineae. 

What is the exact position and the aflinities of the Nympha^aceio amongst 
Angio'-])iTni< is no new theme of discussion. That they have characters resem- 
l)ling those of Moiiocotyh'dones ^ has been ofUm insisted on. Van Tieghem 
lays stress on what he considers the monocotylous dilferentiatiou of the root-apex 
and the derivation of the piliferous layer from the same meristem-initials ns the 
cortex, whilst in the embryo he finds the two cotyledons of Dicotyledones. But 
the most recmil observations of the embryogeny oi the family go to show that the 
embryo is that of the monocotylous plants, the apparent dicotylous character 
being the result of the splitting of one cotyledon. If this he so the position of 
IVyniphjeaceoc will b^^ amongst the Monocotyledones, a position the root-characters 
in \’an Tieghem s view will support. But whether this be coniirmed by further 
research or no — and a complete reinvestigation of their tunbryogeny and develop- 
ment is much wanted — what wo may say at prestuit is that it is not in features 
such as this one of the root-apex -wliich is, after all, not so simple and uniform 
ns Tieghem would have it — that wo are likely to find pliyletic diagnostic 
characters of groups. 

The reason for the inclusion of the Graminoa^ in this new group is the 
assumed presence of a second cotyledon. Tln^ construction of t he embryo of grasses 
is peculiar, as is well known, and has for a long time been a main sui)port of the 

* The anatomical characters u])on which this resemblance was cbictly based are 
now known to be of another nat m o. 
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hypotliesis that the Monocotjrledones are derived from the Bicotyledones ; for 
here alone, since the dicotylous character of forms like the Dioscorem was shown 
to be untenable, was there a structure which could be interpreted as evidence of 
a reduced second cotyledon. The idea that the epihlast is such a structure was 
enunciated by Poiteau at the beginning of the last century, and along with 
hypotheses of the nature of the other parts of the grass-embryo has been a subject 
of vigorous discussion since that time. The controversy is not yet closed. Whilst 
we have Van Tieghem now adopting the view of the cotylar nature of the epi- 
blast and using it as a character of fundamental taxonomic importance, we liave 
others who as strongly uphold the interpretation of it, first formulated by 
Gaertnor, as a winged appendage of the scutellura, which is considered to be the 
cotylar lamella. And, again, there are those who take the view that it is a mere 
outgrowth of the hypocotylar body of the embryo and without any cotylar 
homology. Our interpretation of the part must depend primarily upon the stand- 
point from which we view the embryo of Angio'spf'rm'a. This I shall discuss 
presently. All I need say here, d propos of the class of Liorhizal Bicotyledones, is 
that whatever the epihlast be— and for my part I am disposed to regard this 
simple cellular structure as merely an outgrowth with a water-function j'rom the 
embryonal corm — a dispassionate consideration must lead us to hold that it is a 
bold step to use a character the morphological value of which can he so variously 
interpreted as one of primary importance for separation of a group of Angiosperms. 
Moreover, we must remember that the feature of the epihlast is not one of uni- 
versal occurrence in the Gratnineje. If we take a well-defined tribe like the 
Hordern, as framed by Bentham and Hooker, we find that of eight of its twelve 
genera which have been examined for this feature five have the epihlast and throe 
want it. And surely the fact of its presence in Triticum and absence in Secale, 
its presence in Elyinus and absence in Hordeum, is strong evidence that the 
epihlast is not a character of such importance as it would have were it a reduced 
cotyledon as is asserted. 

[t appears to* me, therefore, that this third class of Angiosperms has no sound 
foundation, no more, perhaps less, than Bictyogens and Bhi/oL^i-p^ which appeared 
as parallel groups with Endogens and Exogens in Lindley’s old classification. 
Our present knowledge allows the r« C'»giiiti<»ii of only two classes (T the angio- 
spcrmous type — the Bicotyledones and the Monocotyledones. 

Of Bicotyledones and Monocotyledones. 

The relationship of these two groups is involved in llie origin of the angio- 
spermous type. They may have liad a common origin or they may have arisen 
separately ; and if the former the Bicotyledones may have been a siihscmK'nt 
offshoot from the ^Monocotyledones, or th(‘ reverse may have been the cas(‘. Each 
of those possibilities has its supporters. Were I to maintain an opinion it would 
he that the two classes have arisen on separate lira's of descent. Tlio embryo- 
characters, as well as those of the epicotyl, can, 1 think, ho shown to he funda- 
mentally different and to afford no basis for an assumed phyletic connection. The 
difference between Hepaticm and Miisci, to take a parallel case in a lower grade, 
are not more conspicuous. The parallel sequence in development in the two 
classes are no more than one would expect, and may be regarded as homoplastic. 
To the question which group is the older I would answer that the Bicotyledones 
are by far the most adaptive and progressive if — as is not necessarily the case — 
this can he taken as cwidence of their more recent origin. This, however, is not 
the matter I intend to discuss here. I wish rather to inquire if there are any 
features broadly characterising the groups to which, as in the case of Angiosperms 
as a ^ whole, we may look for help to an explanation of the predominance 
at this time of the type of Bicotyledones. I think there are, but they are 
not to he found in the reproductive system. That is constructed on suffi- 
ciently similar lines in each class. The features I refer to are to ho found in 
the construction of the vegetative system both in the embryo and in the adult. 
That of the former gives the dicotylous plant an advantage in its start on life ; 
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that of the latter, both in Bhoot-system and root-system, is better adapted in 
Dicotyledonea in relation to water-supply. 

I specially difTerentiale the embryo-condition from the adult because in our 
consideration of these higher plants we are apt to overlook the two distinct stages 
into which their life is divided, and which call for altogether different adaptations. 
There is, firstly, the life in the seed and in germination ; and secondly, there is 
the life after germination. The conditions and the manner of life are not alike 
in th(^ two stages. In the first the plant is heterotrox^hic, in the second it is 
autotrophic. The functions of the x^ortion of the plant which lives the life 
within the seed, and which bears the inciph'iit epicotyl and primary root as small, 
at times hardly developed, parts, are to absorb food, either before germination, as 
in exalbiiminous seeds, or during germination in albuminous seeds, to rupture the 
seed-coat, and to xduce tlie plumular bud and the primary root in a satisfactory 
position for their growtli and subsequent elongation. The functions of the adult 
may be summarised as the development and maintenance of a large assimilating 
and absorbing area preparatory to reproduction. 

We ought, I think, to look upon the embryo as a protocorm * of embrj'onic 
tissue adapted to a seed-life. Under the influence of its heterotrophic nutrition 
and seed-environment, it may develop organs not represented in the adult plant as 
wo see in, for instance, the embryonal iutraovular and extraovular haustoria it 
often possesses. Tliere is no reason to assume that there must be homologies 
between the protocorm and the adult outside an axial part with its polarity, 
'fhere may bo homologous organs. Jiut neither in ontogeny nor in phylogeny 
is there sidiicient evidence to show that the x>arts of the embryo are a reduction of 
those of the adult 

The protocorm has, I believe, developed along different lines in the Dicotyledonea 
and jMonocotyledones. Tliis has been to the advantage of the former in the 
provision that, has boon made for j-apid as oi^posed to sluggish further develop- 
ment, Confining ourselve.s to the general case, the axial portion of the proto- 
corm of the Dicotyledon, the hypocotyl, bi*ars a pair of lateral outgrowths, 
the, cotyledons, and terminates in the xdun^'dar bud and in the primary 
root respectively. The cotyhnlons are its suctorial organs, and the hyx)ocotyl 
does the Work of ruxd uri ng the seed and placing the plumular bud and root by 
a rapid elongatioiH which commonly brings the plumular bud above ground, 
prot<»cted, it may be, by the cotyledons. Thes(* latter may then become the 
first assimilating organs unlike or like to the epicotylar leaves. In the ^lono- 
cotyledones the axial portion of the protocorm has usually no suctorial outgrowths. 
Its apex and usually its base also are of limited growth. The ])lumular bud is a 
lateral devolopinent, and the primary root often an internal one. The suctorial 
function is ]ierformod by tin* apex of the pr»)tocorra, termed here also the 


' The term has alrc.'idy been u.sed for the embrj'^o of Orehidc;i\ where the axis is 
tuberous as is the structure to which the term has been given in Lycopodinoje. But 
tuberonsneas is not an essential for the designation corra. 

I cannot pursu(» the subject here, nor discuss the view of the cotyledons as 
either ancestral leaf- forms or arrested epicotylar leaves. The analogies with existing 
Pteridophytes that are cited are not pertinent, for there is no evidence that Angio- 
sperms have that ancestry, or indeed that their phylogeny was through forms with 
free embryos. Nor is the fact of resemblance between cotyledons and epicotylar 
leaves and the existence of transitions between tliem convincing. That the 
cotyledons, primarily suctorial organs, should change their function and become 
Icaf-like under the new conditions after germination is no more peculiar than that 
tho hypocotyl should take the form of an epicotylar internode, from which it is 
intrinsically ditferent .as the frequent development upon it of hypocotylar buds 
throughout its extent shows. 

* In relation to this function it is noteworthy that the hypocotyl relatively 
seldom in the exalbuminous seed of Dicotylcdones becomes the reservoir of foOd- 
material, whereas in Monocotyledones tho axis of the embryo is the Usual seat of 
deposition. 
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cotyledon.^ The rupture of the seed and the placing of the plumule olong with 
the primary root— for the axis of the corm does not elongate between them — are 
the work of the base of the suctorial portion of the corm. 

The whole arrangement in Monocotyledones is in marked contrast with that of 
the Dicotyledones. Instead of the free axial elongation begun in the protocorm 
and continued upwards and downwards in the eplcotyl and primary root, there is 
limited axial growth of the protocorm with lateral outgrowth of the plumular bud 
and arrest of the primary root. These dilforences in the protocorm are, I think, 
primary, and they point to independent origins of tlie two groups. The advan- 
tage lies, as 1 have said, with the Dicotyledones, and wo find that the features of 
development of the protocorm are continued in the adult. There is a marked con- 
trast between the free inlernodal growth of the shoots of Dicotyledones with their 
copious root-system and the contracted stem-growth and the arrested root-system 
in Monocotyledones. It is interesting to note further how the monocotylous typo 
has developed so largely*^ upon restricted lines in the way of short rhizoraatous, 
often tuberous, growth, whiLst the dicotylous gives us the characteristic growth- 
form tree. 

When we compare the tree-type of the Dicotyledones with that of the Mono- 
cotyledones we see at once the feature I refer to in the adult, which has given the 
advantage to the dicotylous type in respect of its water-supply. In Dicotyledones 
we have a much-branched stem ending with numerous shoots with long internodes 
and small apices, and hearing many small leaves which are mainly deciduous. In 
the monocotylous tree, of which we may take the palm as a type, t here is a 
straight stem with short internodi's, a large apex bearing few largo leaves not 
often renewed; if there be bpanclniiLr it lakes more or less the form of a fork. 
The whole of this external cniiliLrr.ra'HMi bears relationship to thi* int(*rnal structure. 
In the Dicotyledon the open bundles of the central vascular system provide 
through their cambium for a continued increase of the water-carrying system and 
medullary rays, which, although it is to many a heresy, I hold to have tirofoimd 
infiuenco upon tka movement of water in trees. The buttrej-sing of the branche.s 
is also secured, and thus is rendered po^ssilde a lavg(» assimilntimr an'a made up of 
a vast number of small individual surfaces, eacli oiu* of wliicli can be readily 
thrown off. In the Monocotyledones, on the other hand, the distribution of a 
large number of closed vascular bundles in a matrix without a cambium involves 
the provision of a broad terminal cone, gives no supjxn't, outside interstitial 
growth, to lateral branches, which are consequently when developed placeil 
so as to give an equipose, and the assimilat ing surface has to be concentrated in a 
few large leaves.* The possession of cambium has enabled the Dicotyledones to 
meet ill a much better way the requirements of water-supply and strength in 
correlation with feeding. 

The general uniformity and eflectiveuess of the scliemo of cambial growth is a 
remarkable feature in the dicotylous type ; but then* is still a wide field of invesli- 

* I use the term purely as an objective designation, and in the original meaning 
of the suctorial organ in the embryo, 'fhis terminal cotyledon in the Monocotyle- 
dones is not a leaf nor the homologue of the lateral cotylcdones in the Dicotyledones. 
The * traceable and direct developmental history in the formation * of the two organs 
is clear, and they are not alike. To those who hold the contrary view a terminal leaf 
is no obstacle. I think, however, the question of lateral or terminal is of importance 
in organography. The * sympodial leaf-from-leaf evolution,’ described in the first 
epicotylar stages of Juncus, Pistin, and other plants, dcniiinds examination with the 
aid of modern methods. All cases of vegetative organ.s in which the distinctions 
between organs are said to break down are worthy of being looked at in the light 
of their relation to their nutritive environment. IIow nutrition affects plant-form 
we do not yet understand. Its effects are familiar, both in vegetative and repro- 
ductive organs. The grosser cases, in parasites, show in the extremes an abolition 
of most of the landmarks of morphology — ‘ the whole scheme of formation of organs 
is jumbled.’ Ileterotrophic ‘ jumbles ’ do not, however, deny the ordinary morpho- 
logical categories. Pseudo-terminal reproductive organs are to be expected under the 
pes,sation of growth with which their development- is concurrent. 
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gation in the relationabips of size and distribution of vasa both to. the other 
structural elements of the stem and to the form of the plant in relation to its 
environment. So far as I know the monocotylous tree-forms, there has been an 
attempt in two different directions to provide an increased waternjarrying system 
in them. There is the familiar one of the secondary cortical cambium in Dracaena 
and other genera. In them the cambium merely repeats in its products the con- 
struction of the primary stem, and does not provide so copious an increase of carrying 
area as does the system in dicotylous plants. And then in such plants as Barbn- 
cenia, many Dromeliaccje, perhaps ivingia, we have an arrangement reminiscent of 
the superficial root-system which is found in many polystelic arborescent Pterido- 
pbytes of the present day. There is a copious growth of adventitious roots from 
the central vascular cylinder, and these pass down within the cortex, and from 
its cells are no doubt able to draw water for the upper parts of the stem.' Ulti- 
mately many of these roots reach the soil. At best , however, neither of these 
systems has been satisfactory. All that can be said for them is that they have 
enabled the monocotylous trees in which they are found to hold their own in 
xerophilous conditions. 

Of Phyla imthin DicotyUdoncfi and MonocofyUdonPn, 

A brief reference only to the groups within the Dicotyledones and Monocotyle- 
dones must conclude these remarks. Whilst there is a wonderful concurrence in 
the opinion of botanists as to the natural groups — real phyla, whether termed 
cohorts, alliances, or series— into which many of the families of both Dicotyledones 
and Monocotyledones fall, there is irreconcilable divergence of view as to their 
genetic sequence or sequences. And this is not surprising when we remember that 
we know nothing of the starting ])oint or points of the classes themselves ; and 
have, moro(n'er, no critical mark by which to diagnose a primitive from a reduced 
feat lire in many of the flower constructions to which, as cliaracteristicof Angiosperms, 
importance is attached. The desire to establish a monophyletic sequence of these 
phyla is natural, and finds expression in pedigrees of Dicotyledones issuing from, 
it may be, I Janales or Piperales, of Monocotyledoni's from, say, Apocarpic or Arales, 
But all such attempts appear to me, in th(» present slate of our knowledge, to be in 
vain. We Pt»e in the phyla, as wo know them, culminating series in our epoch in 
lines of descent; some, for instance !Myrtales or Lamiales, progressive; others, 
like Primuhiles or Pandales, apparently not so. We also recognis(» that these 
series group tliemselves in many cases as branches of broader lines of descent : for 
example, in the Hicarpcllatai of CTamopetalse, in the llelobiem of Monocotyledones. 
To a greater or less degree such relationsliips are traceable now, and as we obtain 
more knowledge ofllio angiosperinous plant-life of the world they will he widened. 
But tliis is a tliffeivnt thing from the carrying hack the pedigree of every phylum 
of dii!Otylous and monocotylous plants to one or other of the existhig ones, which 
may possess what are taken to he eleimnitary characters. Wo have, so far as I 
know, no evidence to sanction the belief, or even the expectation, that there is 
extant any family of Dicotyledones or Monocotyledones which represents, even 
apjiroximately, a primitive type in either class. I'ho st(*m in each has gone. We 
liavo the twigs upon a few* broken branches. 

Amongst the phyla we cannot discern any one type that can he described as the 
dominant one. The multifarious adaptaliility of the angiospermous type has 
given us diverse forms, suited, as far as we discern, no less well to the varied 
environments of onr epoch. Yet we are able to differentiate certain of them 
which take precedence alike in point of number of species and in area of distribu- 
tion. If wo seek for some general character that marks tlioso advanced groups 
wo find it in the tendency to greater investiture of the ovule, both in Dicotyledones 
and Monocotyledones. This is brought about iu different ways ; for instance, by 
the sinking of the gynreceum in the torus as iu Composite, by inclusion within a 

* I leave it to Palieophytologists to say whether this construction may sometimes 
account for the profusion of roots alongside of stem-structure in fossil-sections. 
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persistent calyx as in Labiates, or within bracts as in Graminees. This feature, it 
will be observed, emphasises that which I have put in the forefront, as leading to 
the establishment of the angiospermous type. That it must give greater security 
to the embryo in relation to its water-supply is obvious, although it lias evidently 
also direct connection with seed-dispersal. Another general character observed in 
these higher groups is the greater security for economical pollination afforded by 
the adaptations in relation to insect-visits. At the same time the case of the 
Grarainea3 shows us that other adaptations in this respect are not incompatible 
with prominence. 

I will not dwell upon the influence of water upon the vegetative organs in 
Dicotyledones and Monocotyledones. Of all the factors of environment its eflects 
are best known because most easily seen. The examination of plants from the 
standpoint of their relation to water — bearing in mind that this is physiological, 
and not merely physical — has already thrown a flood of light upon their forms and 
upon their distribution, and ofl’ers a fertile field of investigation for the future. 

Water has been, then, a dominating influence at all periods in the evolution of 
our vegetation. The picture of its claim in this respect which 1 have presented to 
you is drawn in the broadest outline, and with the intention more of recalling 
points of view from which familiar facts in the life of plants may be looked at. 
It is just occasions like this which give the oi)portunity of telling to a competent 
audience of the impressions received by one’s most recent glimpse in the 
kaleidoscope of plant-life. It is in this spirit I ofter my imperfl'ct sketch. 


The following Papers and Peporls were read : — 

i, Tlio Inioryiafwiial As^wAatio7i of Jlolnnif^fs, Bi/ Dr. J. P. Lotsy. 


2. Cytology of the Cyanophycece. By ITarold Wacjer. 

The researches of Scott, Zacharias, and others have definitely revealed the fact 
that the contents of the cells of the Cyanophycefc are cliflerentiated into two dis- 
tinct portions, an outer peripheral layer in which the colouring matters are placed 
and a central colourless portion which is usually spoken of as the ^ central body.’ 
The central body is regarded by many observers, and notably by Biitschli, as a 
true nucleus. So far as my own observations go, it appears to me to resemble tbe 
nuclei of higher organisms in that it is composed of a chromatic network, but 
differs from them in tin? absence of a nuclear membrane and nucleolus. Staining 
and other reactions show that chromatin is present, but in most cases only in 
small quantities. The presence of phosphorus in the central body can also be 
demonstrated, as Macallum has .shown, by means of the molybdalt', phenyl- 
hydrazin reaction. 

In the process of division the cell begins to divide and new cell walls formed 
independently of the division of the nucleus. 

In the process of nuclear division the chromatin threads become drawn out 
longitudinally and parallel to one another, and are then divided transviu’soly. 
Horae of the division stages, especially in elongate c(‘lls, resemble stages in trm' 
karyokinetic division. 

Various staining methods can he em])loyed to render the structure of the 
central body visible, hut it is more clearly demonstrated in some species than 
others. 

The colouring matter is not distributed evenly through the peripheral layer. 
It occurs in the form of granules or fibrils. The structure of the peripheral layer 
recalls that of the chromatophores found in other organisms. It consists of a 
colourless and a coloured portion, and the coloured portion appears, as before men- 
tioned, fibrillar or granular. 

The investigation of the cell structure of the OyanophyCero is pot interfered 
with to any considerable extent by plasmolysis phenomena. 
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The action of artificial digestive fluid is not very reliable as affording a clue to 
the nature of the centrar- 'y. '* ■ it often helps to render its structure more 
clearly visible when the cells are subsequently stained. 


3. Smur Botanical Photographs from the Malay Pcninsnla, 
Bn R H. Yapp. 


4. The Diameter Increment of Trees, By A. W. Borthwick, B.Sc, 

There are two methods ])y wliicli the rate of growth in thickness oi* diameter 
increment of trees can be ascertained. One of these methods is to measure 
annually or at certain intervals the diameter or circumference by means of tree 
callipers or a tapt*. The only other method of investigatirg the diameter incre- 
ment. on standing trees is by means of a vt*ry useful instrument known .as Pressler’s 
increment-borer. By means of this instrument cylinders of Avood, about a quarter 
of an inch in diameter and from two to six inches long — according to species — can 
be extracted, and upon those t lie breadth of the year-rings measured. In order to 
allow for any irregularity of growth it is safer to take the mean of four cylinders, 
one from each end of two diameters at right angles to each other. The gi*eat 
diflerence between the t wo methods is that the latter requires only a few minutes, 
whil(» the former requires years to give reliable results. It is therefore of some 
interest and importance to know how the results got by both methods agree. But 
unfortunately, in very few cases have careful measurements extending over a long 
])oriod of time been carried out. In fact, in the whole history of British arbori- 
culture there is no other jdace where more e xtensive and careful records have been 
kept than in the Boyal Botanic ( larden, Kdin])urgh. So far back as the year 
1H75 the late Sir Boberl (liristison began a series of systematic girth measure- 
ments on marked trees in the garden, and since his death in the year 1882 these 
observations have been carried on by Dr. David (’hristison, who has recently 
j)ublished some of his interesting results in the * Nedes from the Boyal Botanic 
i larden,’ 

Through the kindness of Professor Bayley Balfour 1 have had the rare oppor- 
tunity of testing whether the increment-borer would yield the same, or approxi- 
mately file same, re.sults as the tape. On comparing the results obtained by both 
methods it was extremely interesting to find how closely thi‘y coincided. The 
actual figures are not the same, because the borings were nut taken at the same 
level as tlie ta])e measurements. They won* purposely taken slightly higher or 
lower, ns s(»eiued expedient, in order not to interfere with the marked circum- 
ference measured hy Dr. CMiristison. Although the actual figurt's for each year 
do not coincide, the mi'nn or average for a period of fi\e or ten years does 
c()rres])ond very closely. 

n. On the Ahsorpt 1071 oj A77}mo7na f7'o7n Polluted flen-vater by the Ulva 

latissiina. By Professor Letts, D.Se., Ph.D., and .lotrN Haw- 

TIIOIIXE, B.A. 

In a previous research' it was shown that the occurrence of this sea-weed in 
quantity in a given locality is associated with the pollution of the sea-water hy 
sewage, the evidence being of threo kinds: (1) The high proportion of nitrogen 
contained in the tissues of the idrn ; (2) an examination of certain localities in 
which the sea-weed occurs in abundance, and of others from which it is virtually 
absent ; and (.‘5) experiments on the assimilation of nitrogenous compounds by the 
growing 7dm from sea-water artificially polluted. 

Commencing these latter experiments somewhat cautiously, it was first 

' B,A, BeportA^OOt and Proc, Bmj, Soe, Editt., 1901, p. 268. 
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proved that all the ammonia was removed from a sample of sea-water considered 
to be somewhat highly polluted (0*046 part ammonia per 100,000) by a few 
days’ contact with the sea- weed. Kext it was found that the absorption occurred 
in less than twenty-four hours, while later experiments have shown that the 
remarkable power of assimilating ammonia which the sea-weed possesses had been 
altogether underestimated, as well as the rapidity with which the absorption 
occurs. The method of experiment was that previously employed. A sample of 
the polluted sea-water was first analysed and placed in a glass dish. Next a frond 
of the ulm was immersed in it, and finally portions of th(» sea-water withdrawn 
and again analysed after suitable intervals. Two different series of experiments 
were made, the first with a solution of ammonium chloride in pure sea-water, and 
the second with a mixture of sea-water and the ellluent resulting from the 
treatment of sewage by the so-called ‘Bacteria Beds.’ All the experiments in the 
first scries were made with the same piece of sea«weed, which had an area of 
about 200 square inches ; and a similar remark applies to the second series, in 
which, however, several pieces of sea-weed were used having a total area of about 
600 square inches, Individual experiments in both series were made to test the 
absorptive power of the ulm in relation to concentration (of the ammonia), as well 
as the effects of light and darkness. The following table gives the chief results 
obtained ; — 


Almrpi'ion of Ammonia hy Ulva latissima/?*cw2 — 


Solution of Ammonium Chloride and Sea-wnter ^rKture of Bacteria Bed Effluent and Sea-water 
(Area ot Fronds 200 Square Inehes) (Area ot Fronds GOO Square Inches) 

( Volume of Mixture, 2^ Lities) | (Volume ot Mixture, 2i^ Idtres) 
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The general conclusions to be drawn from the experiments are as follows : — 

(1) The absorption of ammonia by the sea-weed is very rapid, and with the 
mixtures used practically all the ammonia ivas absorbed in five hours (with one 
exception, when 75 per cent, was lost). 

(2) The amount absorbed is greatest during the first hour of contact, and then 
rapidly falls off. 

(3) Although the conceutration of the ammonia exercises some effi'cfc on the 
proportion absorbed, it is by no means so considerable as might have been expected. 

(4) The sea-weed absorbs ammonia both in daidight and in darkness, but the 
proportion in the latter case is rather less than in the former. 

(5) The effects of an increased area of the soa-weed on the jiroportion of 
ammonia absorbed are not so great as might have been expected. 

These results may be of practical importance in those districts where a serious 
nuisance results from the decay of large quantities of the ulva which have been 
washed ashore, or which have accumulated in shallow water. For it seems probable 
that by allowing the effluent from the bacterial treatment of sewage (which 
treatment gets rid of much of the ammonia originally present) to remain in 
contact with the growing ulva in specially constructed ponds containing sea-water, 
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before discharging it into the sea itself, the ammonia or nitrate will be absorbed, and 
that the mixture of effluent and sea-water will then no longer provide nourishment 
for the viva in the sea itself, and that consequently the sea-weed will be so much 
reduced in quantity in the district as to cease to give rise to a nuisance. 

The stimulating eflects of the ammonia or effluent were evident from the rapid 
evolution of oxygen from the surface of the sea-weed, which always occurred about 
fifteen minutes after the addition of the polluting substance, and forms a pretty 
experiment. 

In two cases the dissolved gases were extracted from the sea- water in which 
the ulva was immersed (by boiling out with dilute sulphuric acid vi vacuo) imme- 
diately after adding the polluting material, and again some hours later, and 
analyses made. The following results were obtained : — 


JEd'penvient 5a (Dajjliyht)* 


Immediately after adding 

Ammonium Chloride 

(0-180 part per 100,000) 

Four Houi-b Later. 

(c.c. per Litre at N.T.F.) 

T=14-l 

T-1.5 9 

C0.....21-Gi) .... 

16-90 

0.:... 11-41 .... 

14-8^ 

N.]... .... 

9-88 

Loss of COg- 5-79 c.c. 

Gain of Og = 3‘43 c.c. 

(About 2 c.c. of evolved oxygen ga& 

Avere also collected.) 

Edpariment 8l3 {Daricuess), 

Immediately after adding 

Efflui'iit 

Four liours Later 

(20 1 ) 01 - cent.) 

T-ll-() 

T;^U-8 

C0,...G;5-59 .... 

6G-44 

o G-:u .... 

3-85 

NI... 11-90 .... 

11-74 


Gain of COj ^ :i-85 c.c. Lo>*. of O. = 2*4G c.c. 


In 5 a the ulva liad Loeii in contact with the sea- water for a considerable time, 
whereas in 8 e fresh sea- water was used. 

The above analyses are interesting in several ways. First, in Experiment 5.v, 
the amount of oxygen found is gi'eatly in excess of the value given by Uittmar 
ill the * Chalh'iigor ^ Reports for the volume of oxygen which one litre of sea- 
Avater can take up when saturated with constantly renewt*d air at the existing 
temperature, Dittmar’s figure for 15” C. being 5*85 c.e. The action of xXic ulva 
is therefore, in a sense, to Htpersulunile tho sea-water with oxygen under the 
existing conditions. 

Secondly, the amount of carbonic anhydride found (in the same experiment) is 
much less than that present in normal sea-Avater, Diltinar’s average for the total 
volume in sea-water being about 18 c.c. pt»r litre, of Avhich in .ill probability some 
40 c.c. are in the form of soluble bicarbonate of calcium or ranguesium. It is 
evident therefore that the ulva gains its carbon from the carbonic anhydride of 
these salts. 

Thirdly, the results of the experiment in darkness demonstrate in an interest- 
ing manner the true respiration of the nlvn, carbonic anhydride being evolved in 
practically tho same amount as the oxygen disappearing. 


6. Notes on Stellaria holostea and Allied Species. By John Paterson. 

Biology , — The shoots appear in early spring before the development of the 
grasses. The leaves are arranged parallel to the stem axis in bud condition. They 
open out and grasp the leaves of the grasses and other herbage as these developi 
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being delicately balanced. The leaves are elastic and tend to return to their 
original position when displaced. 

The young shoots are rigid; but the older parts become elastic and flexible, so 
that the stem is kept erect by the leaves clinging to other plants, and falls down 
when detached. When the plant withers in autumn the stems fall to the ground 
and continue their growth by buds which arise alternately in the axils of some of 
the leaves $ the branches are thus able to extend over a largo area in a manner 
which would be impossible if they remained erect. 

Anatomy.— 'ThQ epidermis has cuticularised walls. The cortex is turgid, con- 
sisting of large cells with strengthening tissue at the comers, which act like pillars, 
keeping the central cylinder stretched out. 

The endodermis is very distinct. The pericycle and tissue formed from it are 
several cells thick. 

There are six vascular bundles separated by primary medullary rays. 
There are pith cells, but the stem is hollow in the centre. In an older stem the 
cortex withers and becomes detached from the central cylinder, though the 
ruptured endodermis cells still persist, and the central cylinder then contracts and 
the vascular bundles become consolidated, whilst the primary medullary rays 
become more or less obliterated. A continuous cork sheath, several layers thick, 
is then formed from the pericycle. Adventitious roots arise at the nodes of the 
older stems. 

The arrangements in tStellrtria yrmninea, iS. S. media , S, nemornm, 

IS. ylaucaj and other Caryophyllacejn are shortly compared. 


7. The Morphology of the ‘ Plowen^ * of Oc'.phaloiaxiib. 

By W. 0. WousDULL. 

Male ‘ Plof( 

Comparison of. .sir uclurt* with that of the allied gene *ra (rinkgoy Torroyciy 

Vhyllocladm. History of views on subject ; Eirhlcr and Celahorsky 

Female * Flmeers.^ 

Account of comparative structure of normal ‘ flower.’ History of views on sub- 
ject: Eichler, Stra.slmrgn\ Van Tuyhem, Celakorsky. Author considers the view 
on the morphology held by last-mentioned writer as the only tenable one. 

Original observations on ’proliferated inflorescences and ‘ flowers.* Pj’oliferation 
of both primary and secondary (‘floral’) axes ocenr.^. Latter consists in tdongation 
of an axillary axis on which the two ovules are situated laterally, and whicb may 
produce rudimentary foliar organs both above and below insertion of ovules. 
Ovules may also appear as rudimentary foliar organs borne on the axillary axis. 
This fact appears to autlujr to refute the axial theory of ovule of IJichler and 
Rtrasburger, and to support the foliolar tlieory of same put forward by Celakovsky. 
Value of jnetamorphogonosis as an aid to determining morphology of "any recondite 
structure is illustrated in caoo of Cephahiaxias, 


8. The Morphology of the Ooiile. An Jlislorical sketch. 

By W. C. WORSDELL. 

Tliree principal views as to morphology of ovule have been held : — 

1. Axial Theory, 

On this theory the ovule is an organ of axial structure, the nucellus represent-^ 
ing a bud, and the integuments the first-formed foliar organs thereof. Chief pro- 
pounders of this view^ von Mohl (1861), Sekaekt (I860), Endlicker and Unger 
(184:3), Braun (i860). 
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Foliolcir Theory* 

On this theory the ovule is homologous with a leajld of a carpel, vii., the 
integuments with the terminal and two lateral segments of the leaflet, and the 
nucellus with an emergence borne on the upper or ventral surface of the former ; 
the nucellus is thus directly homologous with an eusporangium, such as that of 
Angiopieru, Primitive position of nucellus or sporangium is terminal to leaflet, 
as is case in normal ovule, where the homologue ol leaflet of carpel takes the 
form of one or two urceolate envelopes. Case of Ferns where* sporangium is • 
usually borne on lower surface of leaflet is an instance of progressive metamor- 
phosis from the primitive condition ; hero the green leaflet, or its receptacular 
representat ive, is the homologue of the outer integiini(*nt of the ovule, and the in- 
dusium of the inner integument of the latter. The le})losporangium of most 
ferns is the result merely of the ultimate subdivision of the eusporangium, and is 
homologous with a irichomo. The abnormalities resulting from tho metamorpho- 
genesis of the parts of the ovule are the decisivi^ and only reliable sources for 
determining the true morphology of the ovule. Chief propounders of this theory 
are Brongniart (the founder, I8.*i4); Cratner (1801), CclaJcovsky 1000), 

Eichler (1875), Warming (1878). Of these, Celakovsky is responsible for the 
formulation of the theory as above summarised. 

«‘3. iSiii generis Theory* 

This theory holds that the sporangium, with its homologue the nucellus, i-s an 
organ md yenerUy and cannot be included under any of the morphological categories 
of stem, root, leaf, or trichorao. The integuments are new structures arising on the 
sporangium or nucellus. The abnormalities are of no permanent value for deter- 
iniuing the morphological rd at ion ships of llie parts concerned. Tlie chief up- 
holders of thi.s view are (1871), (Utcbvl (1887), /Sc/z/niV;: (I87i0, 

(l87il), Bower (18U1). 


i). The. ILixtology of the thieve TvMcs (^‘Pinus. Jig A. AV. Hill. 

T’he sieve tube.s of ( lymnosperm.s liavc* been previously investigated by He 
llary, .1 anezew'ski, Kussow, Keinit/.-Ccrloif, and Strasburger especially with refor- 
onv.v to th(^ ,structur(‘ of the sieve plate and the mode of communication between 
adjoining sieve tubt's. 

The pre.seut researclies have ])roved that tlie roults obtained by J\us^ow are, in 
the main, correct ; for it has been found, ah he describes, that the mature sieve 
plate is traversed by groups of callus rods, which are interrupted at the middle 
lamella by median nodules, and that each callus rt)d contains from three to seven 
striie— ' or spots if examined in surface view — which are strings of slime, 

AVith questions of development Kussow was not very successful, and it is with 
them that the chief interest of the research lies. 

The youngest sieve plates or pit-closing membranes, which could be examined, 
showed ‘ connecting threads ’ like those in ordinary tissue; but in the so-called 
‘ boundary cells ’ — f.c., the youngest thick-walled sieve tubes— a change takes place, 
namely, the appearance of iho callus. Callus first appears on one surface of the 
sieve plate, at tho places where tho groups of ‘ connecting threads ’ occur, and it 
gradually spreads as a rod along a group of the threads to the middle lamella; a 
similar change then takes place on the other side of tlie lamella. The lamella 
itself, however, is not con verted into callus, but a refractive median nodule appears 
separating the two portions of the callus rod. 

Accompanying this change the protoplasmic threads become converted into 
slime strings. A similar state of things obtains in part with the sieves between 
the sieve tubes and the albuminous cells. 

The changes just described are without doubt due to the action of fer- 
ment^, which txavelling along the threads convert them into slime strings and 
at the same time alter the cellulose portion of the jut-closing membrane in their 
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neighbourhood into callus, forming the callus rods. The subsequent increase of 
the callus to form the callus cushions is due to the activity of the protoplasm. 


10. Mfport on Fcrtilisalion in Ph€tiophycew,— HQQ Reports, p. 14 


11. Report on the Morphology y Ecology y and Tamnomy 
of the Podoistcmaccte , — See Reports, p. 447. 


FRIDAY, SEPTEMBER 13. 

The following Papers were read: — 

1. On Correlation in the Growth of Roots ayid Shoots, 

By Professor L. Kny. 

The objections made to the aiithorV former paper nil the same subject ' by 
Heering* are here criticised. If in his fii*st paper he only ga\e the linul result of 
his experiments and not the detailed steps by which the firbt result waa brought 
about, he did so because the removal of the root or of the shoot from the seed- 
lings must at first cause a shock to the organism and disturb its d(*velopmeiit, 
quite independent of any correlation. This anticipation was sho>Mi to be true by 
the careful studies of Townsend.'^ 

Of the experiments which he made after the ])iiblication of his fir'.t ])ap('r he 
quotes one with re^pcct to cuttings of Ampehpsis rjuinqut folia, Prom this 
experiment it follo’ws that, just as in the cuttings of Suliv anomnaiu and 
S. purpureOy th(> continual nunoval of the young shoots was soon followed hy a 
less vigorous development of roots, and vice versa. There is, liowcver, this difh r- 
ence to be noted, that, whereas in SalLv the retarding intluene(‘ is to be delected 
lirst in the roots, in Ampelopsis then* are the shoots, which in this case jiroved 
themselves to bt* more sensitive than the roots. 

The paper will bo ])ublished in full in the ‘Annals of Hoi any. 


2. The Bromesand their Brown Rust, By Prof. MzVUSHALl Ward, F,R,S, 

The author has been for sorntj time occupied with the grasses of the genu.s 
Bromus and the behaviour of the uredo of the brown rust [Pucci nia dispersa) 
upon them. The work has entailed careful examination of the seeds and seedlings 
of a large number of European and foreign Bromes and critical analyses of tlie 
anatomical and morphological characters used in the systematic borany of the 
group 

The plan of the inv^siigati'* i i)el.hU;- the M:»{ure of Jind conditions 

of attack, and all discoverabl'* rohjiioii- 'iinl 

The germin^ition of tin* gia^S' *t*id h.i ^ led ♦o .rating points. Thev can he 
treated antisepticallv in vunou't wa\N and growii as pure cultures in nutritive 
solutions in glass tubes ofvariou'a shapes, designed cither to allow of tin; continuoiis 
aeration of the plantlet by^ a current of lilterecl air drawn through by aspirators, or 
not. 

Such pure cultures of the grass were then infected with uredo-8pore8,andinten 
to twelve days gave riae to pure cultures of the uredo, which geTmimXed and infected 
other similarly pure cultures of the grass inoculated with them. Control cultures 

* Ann, Bot,y viii. 1894, p. 265. ^ Jahrh.f. w, Bot., ssix. 1896, p 132. 

^ Ann, Boty zi. 1897, p. 509 ft. 
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Id tubes, but not infected, rise to no uredo, even if raised from the seeds of 
diseased plants. The pustules of uredo only originate at that spot on the leaves 
where the uredo-spores were sown. 

These results lend no support, therefore, to any hypothesis of internal or 
seminal infection. 

Long series of sowings were made to test the conditions of germination of 
the uredo-spores, for, strange as it may seem, little attention has been paid to this 
matter. The minima and maxima temperatures of germination are about 10° C. and 
27°’5C. respectively, the optimum being about 18° C. Many failures in infectious 
aie due to the non-germination of the spores in hot weather. 

The elfects of light, of other organisms {e.y.y Algae), of various extracts, and of 
the age of spores, &c., were also t'xamined. 

The uredo-spores may be frozen for ten minutes, but will not recover after two 
hours’ freezing. 

Infection experlmenls on pot plants were made — several hundreds in all— 
on twenty-one species or varieties of Bromus*. 

The general results are, put very shortly, as follows : Although the uredo 
examined is in all morphological respects absolutely identical on all the species of 
Bromus on which it occurs, nevertheless if spores gathered from B. sterilis are 
sown on B, mollis the infection fails, whereas spores of the same batch sown on 
B, storilU infect normally and rapidly. And similarly in other casea. Spores from 
B, mollis readily infect B. imlliSf and (less certainly) its allies B, secalinus and 
7?. vdutinusy B. arveims and others of the Serrafalcus group ; but they fail on B* 
ma.} imuSf />*. tcctorum, B, steriliSf B» madritensiSf &c.— the Stenohromus group — and 
so with other cases. 


[Tabi.es I. and II.] 

In the annexed tables (I. and 1 1.) are tabula ted the results obtained in seven 
of the cvporimental series. The tables exidain thom>elvrs, but it may be well to 
note that tlie species of JJromifs employed as host-plants have here been arranged 
in similar order throughout in order to facilitate comparison. Thus B. ercctus to 
B»ciliaius are repre>entatives of the lir^t group {Frstucoides) \ B, ieeforum to 
B, 97icr.riw/?/i«, inclusive, of the second group {lStenobromus)\ B. sccalinus to Jl. 
maorostachh's^ iiicluj-ive, of the third group ( Serrafalc?fs) ; and />. unioloidrSy with 
which li. Miradori IS synonymous, of the lift li group {Cemtochhn). The author 
has not yet had time to examine />. arduennemis (fourth group), and in a few 
Crtses the serie> of experiments are too few for any statements of value, os to details. 
Hut it seems clear that the general slatemeut is siillicieutly proved as regards 
groups '2 and o at least. 

The serit^s selected for tabulation in the favuvinir tables are only n few taken 
from the numerous Nets of similar experiments. This is hardly the place for 
reproduction of many other details, but in order to give some idea of the enormous 
amount of labour involved in such an investigation, another table (HI.) is appended 
giving a summary of all the serie.s of this season’s put-plants under normal condi- 
tions only, exclusive of experiments with tubes and with extraordinary conditions 
such as diminished mineral supplies, and so forth. 

Here, again, it will bo seen that the general accuracy of tlio conclusions put 
forth is fully evident, though a detailed examination of the series — conditions of 
infection, incubation, &c. — is necessary for the explanation of one or two apparent 
discrepancies — e.^., to explain why the percentage of failures was so high with 7?. 
velutinus infected with spores from B, secalmus. These matters must be loft for 
future treatment, and in some cases for further experiments next season. 

[Table III.] 

Thus, in the annexed Table HI. we see that eighty-five plants of B, woto were 
inoculated with uredo-spores derived from B, r.iolhSy of which sixty (over^TO per 
cent.) gave positive results, i.v.y actually developed pustules at, the spots inoculated ; 
but it should be noted that in many cases here" recorded as failures-— because 1 put 

1901. 3 1 
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as negative all cases wlicro no pustules appear -distinct llecks were Ibrinod on the 
leaves ; eiglity-four plants of tlie same species ( IL moilin') were inoculated with spores 
derived from B. stenlis but none succeeded, and eight were tried with spores from 
B, secalinus^ of which three (o7*5 per cent.) succeeded and five failed. 

Again, looking at 7?. sterilisj wq find that eighty-six out of ninety atti'inpts to 
infect this species with spores from B. mollis failed, whereas sixty-eight out of 
eighty-four (81 per cent.) attempts to inoculate the same species succeeded when 
the spores used were derived also from B, slerilis. All the eighteen plants inocu- 
lated with spores from B. secalinns proved immune. 

Having regard to the morphological groups of these 1 homes, it is found that 
any given species or variety is most easily infected by spores Avhicli ha^ (j been 
grown on the same species or variety, less certainly by spores from allied species, 
and not at all successfully by spores from a species in another gi'oiip. Some in- 
teresting details regarding the relations between host and parasite in in lection are 
also to hand. 

Three stages of development on the part of the iiredo must be distinguished : 
(1) The germination of the spore and development of the genu-tube ; (-) the en- 
trance of the latter as an infection-tube through the stoma of the grass; and (o) 
the growth of the latter into a branched mycelium in the intercellular spaces of 
the host, into the cells of which it sends hauslovia, and iiually— about the tenth 
day after ^ iwiu^ inr-.hi puts lorth spoi*t‘.s as it breaks out through the stomata in 
the form of the tvell-knuwu rust-pustules. This last period may bo termed the 
incubation period. 

The author iinds that various exigencies, es])eciiilly of the weather, all’ect the 
fungus during each of these three periods. 

Infection may fail because the feraperatnro is loo high or too low duviiig tlu* 
;.eriiiinatIon period, or the germ-tubi*a may dry up, or be killed in other 

On reaching a stoma the successful entrance of the germ-tube, as an infecting 
tube, depends on various factors, of which the specific nature of tlie IJroiuo attacked 
is an important one. Taking spores d<Ti\ed from />. for e\'am]»le, their 

germ-tube.^ appear to so corrode and destroy the tissues of B.nf.rrih’^ that the spot 
where the sowing is made turns black and die.N, and no siicce-'.sful infection occurred ; 
on B. maximns^ B, inermis^ and uthei*s, on the other hand, no Hiuccj'sful attack is, 
as a rule, established at all. 

Even when the infecting tube has established an entrance, several evi'uts may 
intervene to prevent successful infection; /.c.,tlie funijalioii of a normal inter- 
cellular myeelium which doiniiiates the t issues and ultimately breaks forth from 
the stomata again as pu&lules -with fresh cro])3 of uredo-spore^. 

If the host is starved of carbohydrates by partial etiolation, or of minerals by 
lack of supplies in the soil, or by interference with the t ran." jurat ion, i\:c., the 
mycelium — even in a species normally quit** suitable to the paiMsji«*- only <ivag.s 
on a miserable existence and has not strength to form spores. In such case:, 
nothing further results than the de\elo]»mcnt of pale, feeble flecks on the l(‘af. 
The same thing occurs in some partially immune species, even though flouri‘^liing, 
evidently owing to the refusal of the cells to allow the mycoliiim to dominate 
their life. 

These aidagonislic reactions of the bost-jibint an* not due to any structural 
peculimties discoverable by the microscope: nor is it a, simple matter of tlie 
excretion of any poisonous soluble constituent of the sap, judging from the (‘xperi- 
meuts in which uredo-spores derived, fur examjdc, from B, mollis gei-niinated 
Gatisfactorily in both boiled and unboiled aqueous extracts of the leaves ot />. stcrilh^ 
which had been previously filtered through stone filters under jiressure. In addi- 
tion to the case of successful and normal infection, therefore, throe distinct ease.s 
of failure to infect can be distinguished: (1) in which the preliminary establish- 
ment of an infecting mycelium is assured, but this remains dormant, ^.e., fails to 
dominate the living cells of the leaf, and only a pale yellowish fleck results ; (i^) in 
Nvhich the attack of the germ-tube is so vigorous that it kills the guard-cells and 
1 issues, and produces a black corrosion spot in which the paraisite can make no 
progress; (.*1) complete immunity ; the parasite fiiiis to get any hold on the leaf 
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at all, and tlio latter h as ^reen and lioalthy-looking at the end of the normal 
incubation period as before inoculation. 

Those observations lend no support to oitlierthe theory of Eiiksson, 

or to any theory which attempts to explahi outbreaks of rust to intra-seminal 
infection luindcd down from parent to ofls))riTig, and the author believes that the 
difficulties hitherto met with in understanding the sudden epidemics of these 
rust-diseases will disappear as wo gain exact information of the conditions of 
germination, infection, and iuciihation of tlu*. disease-producing parasite ; as also 
of its habits of lurking in the older leaves of the grass iji spots where the produc- 
tion of a very few spores — quito invisible on a casual overliaiilijig of the grass — 
prepares the way for more extensive infection as the weather changes. 

On tlio other hand, they throw considerable light on the question of adaptive 
parasitism, and show that the previous nutrition of the uvedo-spores affects their 
j)arasitic power, with regard to another host-species, in much tlio same way that 
the previous nutrition affects any other disease germ — certain bacteria — or 
even saprophytes — cj/., certain yeasts »iid fungi. If only one in a million of the 
spores once manages to gain ii hold on a species or variety hitherto immune, its spore 
progeny can now successlully attack that species or variety ; and in proportion as it 
becomes more and more .specially adapted to life in the tissues oi this new host 
will it iiiid dilliculties in going back to its old hoot or forwards to another, and 
.so on. 


13. The Ta^it Uisiijry of fhc Yae ut. (h'ual llriUdu mid Irefaiid} 

Jifj Professor H. CoxwKxrz, Danily, 

Many year.s ago tin* author studied the distribution of this sjiecie.'', and he lui.s 
inquired ns to the enu.^es of its disajqiearunce in nearly all the countries of the 
middle and north of Kurojie; aLso in the llritish Isle.>^. It is his opinion that 
there arc three jioiuts which prove apre\ious widi'i* distribution, viz., sub-fossil 
remains, prehistoric and historic ant iquitie.'-, and place-names. I >y microscopical 
examination ho has found a great number of «ub-lo.ssil yew trees from suhnit'rgt'd 
fove.sts and oth(*r lo(‘aliti('s in Ihigland and lieland. Then ho has t'xamined the 
prehistoric wooden hoxe.s, buckets, in the llritisli ^luseiim, London, in the 

ycieiice and Art Museum, Duhliii, Ax*., and he ha^ idontilied iiioiv than thirty 
with TV/.fws. Attention i^ drawn to the names of uninhahiled places, which in 
former times were very often called after indigenous trees, lie Iia> made out a 
number of soim* hundreds of ]h)gli>Ii, Scott i.'^h, and t'.’specially «)f Irish plaeo- 
immes from the yew which are not unworthy o\’ heiiig considered b\ hotanists, 
tiuided hv the names of such localities in Oermaii\, lu* has dug into the ground, 
and lias found sub-foVil reinain'< of the \ew. Therefore he has sugge.sted 
ve>eavche.s of lliis kind also in the. J3i iti>li Isles, and he would be glad to get small 
pieces of bog wood lor examination. 

The genus is iu)t of a considerahle geological age, a:> nearly all Tertiary 
remains clescribcd under the name of Tams ait' imt yew. 


•i. On the Dlstrlhutiou of Ceriaith Forest Treeti in Scotfandj os shoten by the 
Jnicistigatwn of J^ost-Glacial Dejiosits. By W. N. Niven. 

The information has been chieffy obtained from occasional references in many 
topographical books of Scotland to the discovery of various trees in particular 
districts. 

The following arc .some of the volumes (^about seventy in number) from which 
information has been derived : — 

^ New Statistical Account.’ 15 volumes. 1845. 

‘Old Statistical Account.’ 21 volumes. 1701-09. 

• The paper will be published by the Royal Irish Academy. 


3i2 



840 


HEPORT — 1901. 


< A Practical Treatise on Peat Moss.’ Anderson. 1794. 

^ ]<]diiiburgli Philosophical Journal.’ Volumes iii., vii. 

‘ Transactions of the Royal Society of Edinburgh.’ Volume ix. 

^ Transactions of the Inverness Scientiiic Society.’ \'olumo iii. 

‘ Vertebrate Fauna of Moray.’ 

‘Cairngorm Club Journal.’ 

‘ Pennant’s Tour in Scotland.’ 1799. 

‘ Woods, Forests, and Estates of Perthshire.’ Tlios. Hunter. 

‘ Transactions of the Buchan Field Club.’ Volume iv. 

‘ Transactions of the Dumfries and Galloway Natural History and Antiquarian 
Society.’ 

‘ Annals of Scottish Natural History.’ Nos. 93-25. 

‘ Tour through Orkney and Shetland.’ George Low. 1774. 

‘ My Schools and Schoolmasters.’ Hugh Miller. 

‘ Edinburgh and its N- *. Mi V Hugh Miller. 

‘ Origin of the Britis • I. ■ ' « ■. Reid. 

‘ Gretit Ice Age.’ Prof James Geikie. 

‘ I’rehistoric Europe.’ Prof. James Geikie. 

And others. 

The following trees have been discovered : — Hawthorn, elder, coiniiiun ash, 
birch, alder, hazel, oak, willow, yew, and lir, all of which, with the exception of 
tlie ash, are considered natives of Scotland. The cones of the silver lir have been 
dug out of the peat in Orkney, but this tree is not now / V„- • to Scotland. 
Several shrubs, including the juniper and raspberry, as well as many lloweiing 
plants, have also been discovered. 

On a map prepared by the author the localities are marked where the A arious 
trees have been found. The records are probably not comi>lete, but are MifUcient 
to show the distribution. 

It will 1x3 seen that tliere are few parts of Scotland, however tri'eless at the 
present day, that were not in remote, and even in comparatively rcccmt limes 
covered with wbodlands. This is also shown by the place-Jiame^. As regards 
the special trees ; — 

'fhe oak is very w’idely distributed. Its moht northern occurrence is (Jailhuess- 
shire, and it is recorded in every other county. It has even been found iu tlio 
l)eat hogs in the now treeless islands of Lewis and Tiree. 

It. is interesting to note that many of the oaks have been found at high altitudes, 
c.//., 800 feet above sea-level (parish of (Jro}, Invernef^s-shire), and of considerable 
size, e.f/.f 70 feet in hmgth (I)nimcrief). 

The Scots hr, probably tlie is ain)tIior widely distributed tree. 

It is common in the Northern Counties, iu the Orkneys aiid LeAvis, in all the 
Midland Counties, with the exception of Forfar and h'lfe, but in the Southern 
Counties it is only recorded iu Renfrew, Edinburgh, Roxburgh, Dumfries, and 
Wigtown. 

The hazel has been found in the siibini'ivcd forests, and in many other ])arts of 
the mainland, as well as iu the Orkney and »Siietland islands and in many of the 
Western Isles. No record lias been found of its occurrence in Sutherland, but 
throughout the Midlands it is fairly plentiful, and in the Lowlands it has been 
noted iu all the counties, with the exception of I faddington, J jinlithgow, Selkirk, 
Dumfries, and Wigtown. 

The birch is recorded iu the Orkney and Shetland Islands, and in the majority 
of thu counties from Caithness to WigtoAvn. 

Regarding the other trees feAV records have been discovered. The alder is 
recorded from Lewis, Banff, Aberdeen, Kincardine, Perth, Fife, Argyll, Lanark, 
and Edinburgh, Willows (species unknoAvn; are noted in both Caithness and 
Sutherland. They have also been obtained from the peat bogs in Renfrew, Lanark, 
and Roxburgh. The ash is generally regarded as a probable native in the south 
of Scotland. 
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Ilugli Miller, in * Edinburgh and its XfiglibmpMio'vl/ makes reference to finding 
* Tvhat appears to be asli ' in the brickclays of Porto bello. It is also recorded from 
the mosses in Ballnntrae, Ayrshire,' and Bowden Parish, lloxburghshire.- Then, 
again, many of the implements found in Southern Orannogs are reported to he 
made of ash wood, hut it must also be regarded as indigenous in Northf^rn Scotland 
if we accept its occurrence in the Bay of Keiss, Caithness- shire, mentioned by the 
wrih'r on Caithness in the * New Statistical Account^ (voi. xv. p. 12.')). 

The only records of the occurrence of the hawthorn, yew, and elder hflve been 
obtained from Edhibiirghfibiro. 

In conclusion, the evidence, which is obtained by the examination of the various 
post-Glacial deposits, indicates in a very clear raanru'r that tJie trees reeoided slionld 
l)e considered truly indigenous to Scotland. 


r>. Professor J. Reynolds Green, il/ A., F,R,S., dfJivn^rd a Lrctvrr on 
FI citing Fin 


C. ContHImtions to our Knovlodge of the (lamtlopligip, hi tlia OphloglofisnJrs 
and Lgcopodial'^s, />y William H. Lvnc, jH.IJ,, D.Sc. 

]. The prothalU of Opldaghiimm peiuhdum cinU IFlminthostachis zcglanica. 

The wholly saprophytic prothallusof O. pendiihnn was found in Imiuus collected 
by epiphytic ferns in Ceylon. It is at first button-shaped, but by branching tlui 
older protlialli come to consist of n number of short cylindrical branches radiating 
into the humus. Th<» apices are .smooth and convex ; the surface of the older 
parts is covered with short unicellular hairs, llhizoids aiM‘ absent. The young 
]u*othallu8 and the branches are radiall 3’ symmetrical. Tii the older parts all the 
cells except the supcriicial layers contain an endophytic fungus ; nearer tin' a]>ex 
1 he central strand of tissue become.s free from fungus. The prothallus is mono'cioin^. 
The antheridia tiro sunken, wdth a slightly convex outer wall one layer of cells 
thick; in .surface view this shows a triangular opercular coll. 'Hie neck of the 
!. ' ’ . , wdiich projects very slightly, consists of about sixteen cells in four 

row.s. J he central serie.s in all archpgonia yet observed consists of ovniii and a 
single canal cell. A basal cell is pre.s(‘nt. 

The protlialli of 7/i.'# ■* -'"'/i* wore found a few inches IndoAv the .surface 

of the soil in a frequently flooded jungle in Ceylon, Tin* s]>orophyte is also 
abundant in drier situation.s, but young plant.s found th(»re were of \e"etiiti\e 
origin. The prothalli, which have not been observi'd to brancli, are radially 
symmetrical. The smallest w^ere stout c\diiulrical structures the lower part or 
wdiich w’^as darker iu tint and bire rhizoids ; llio upper boro tlie sexual oigaus, 
which arise acropetally behind lhi» conical apical region. In the vegetative region 
the internal cells contain a mycorhizal fungus ; in older protlialli this may extmid 
into the lower part of the sexual region. In prothalli ■which hoar arcliegonia tlie. 
vegetative region is relatively inoro developed, and in both lliese and the mah* 
prothalli it becomes more or ie.ss lobed. An imperfect di.stinction of male and 
female prothalli appears to be the rule, but both arcliegonia and antheridia inav 
occur OQ the same protliallus. The antheridi i are large and sunken ; the slightly 
convo.x outer wall is two-layered e.xcept at the ]daces when' dehiscence may occur, 
which consist of single large cells. The iire]i-:;-**ii i have a neck, consisting of four 
rows of cells, which projects considerably. The details of their .structure have 
not as yet been made oui. 

2. On the mode of occurrence of the protliallus of Lycopodium sclatjo at Olova. 

The sporophyte of this plant is very common on moors, screes, and crags in the 
Clova valley, and in these situations seera.s to be reproduced almost entirely by 

* N 0 yc Statistical 4cce?iwf, vol. v. p. 417. ■ Ffid.^ vol. iii. p. 3G. 



842 


REPORT — 1901. 


means of bulbils. On the sometimes submerged margin of Loch Brandy, however, 
numerous sexually produced plants and prothalli can be found growing in the soil 
between the stones. The difference in the conditions under winch the sporophyte 
can exist and those necessary for the successful germination of the spores is 
analogous to what has been found to be the case for Helminthostachys. 

3. On some large prothalli of Lycopodhnn ccrnutm. 

The prothalli of this plant, described by Treub, were of small size, one of the 
largest measuring mm. in height by 1 mm. across. On the banks of roads close 
to Kuala Lumpur much larger prothalli were found. They were cake-like 
structures, of a deep velvety green colour, about 2 mm. in vertical thickness, but 
measuring sometimes 6 mm. across : they wer(‘ attached to the soil by numerous 
rhizoids springing from the fiat base. Such specimens have lost all trace of the 
definite form which sometimes characterises the smaller prothalli, and are of 
interest for comparison with the large protlialliis next described. 

4. On the prothallus of F.nlotum. 

The prothallus of this plant was searched for without success in Ceylon. The 
sporophyte occurred on tree-fern trunks on Maxwell’s Hill in Perak, and a single 
prothallus was found there embedded among the roots of the tree-fern close to a 
Fsilotvm plant. No other plants grew on this tree-fern, and, although a few 
species of Lycopodium occur sparingly in the locality, there seems a strong 
probability in favour of this specimen being the prothallus of F.dlotum. The 
specimen measured one quarter of an inch in height by inch across at the 
widest part. It consists of a cylindrical lower region covered with rhizoids ; 
near the lower end of this is a well-marked conical projection (primary tubercle). 
The upper part widens out suddenly, and its thick overlianging margin bears 
numerous antheridia. The summit of the prothallus i8d(5prossed and smooth. In 
general form the prothallus resembles some small specimens of Lycopodium 
ccrnuum, hut the'^tipper region, from which assimilating lobes ar(' absent, finds its 
closest analogue in protlialli of X. clcmitinn. 


7. Note on an Ophioglos.suni rollectcd hy Mr, Jlidlcy. 

Fiij Professor F. O. Bower, F.R.S. 

Professor Bower exhibited a specimen of 02dnogJomnn i^implcXj n.sp., collected 
by Mr. llidley in Sumatra and baiid(*d to the author by Professor P, Broom. It 
appears to be (uitirely witliout the f^terilc leaf-lobe, thoiigli the fertile spike is 
characteristically that of an Oijliiof/Iossum, If it is actually demonstrated tliat 
the sterile lobe is really absent, this peculiar plant may give rise to considerable 
morphological discussion. 

8. Abnormal Secondary Thickening in Kondnekia Walkori, Hook, f, 
.X?/ Miss A. M. Clark. 

1. Kendrickia Walker ITook. f., one of the Melastomacere, is a tropical 
epiphytic climbing shrub. 

2. The anatomy of the young stem is typical of the family IMolastomacem. 

3. At a fairly early stage numerous small patches and several large wedge- 
shaped areas of thin-walled iinlignified wood-parenchyma are cut off from the 
inner side of the completely circular cambium ring. 

4. Tylosis is of frequent occurrence, and the tylosed cells may develop into 
sclerotic cells inside the vessels and tracheids. 

6. Later the unlignified wood-parenchyma cells at the central margin of the 
wedge area take upon themselves new growth accompanied hy cell division. 

The product of this new growth proceeds to split the axial woody ring into a 
varying number of portions, partly by forcing a way between rows of adjoining 
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tracheidfl and partly by lylosos into tracbeids and vessels, utilising the space 
contained in the lumen, Trith subsequent destruction of the identity of these wood 
elements. 

6. Later the quiescent cambium lying* between the original internal phloiim and 
the axial woody ring takes upon itself nf»w growl h, and proceeds to laydown 
xylem on the one side and phloem on the other. 


MTURDAT, SEPTEMJiRR 11 . 
The Section did not meet. 


^rONDAY, FiEPTE^rBER 10 . 

A joint Discussion with S<'clion Tj on ^The Teaching of Dot any’ was opened 
by the reading of tlio following .Papers : — 

i. 77/e Tcachhifj of JiOt any hi By Harold Waoer. 

Di.'«!Cu>sion is in\itt‘d on the following topic.s: — Place of botany in the .«cliool 
curriculum as comj/ared with chemistry and pliysics. Its importance as an 
e<liicntional siib](*ct ; as ti training in hcienlific method. Amount of time avail- 
able for it. * 

ClioicM* of botanical topics suitable for schools. J light .selection important. It 
is not pos.‘<iblo or desirable to explore the wliob* lield of botany. ^Intelligent 
knowledge of a few truths’ required rather than an imperfect acquaintance with 
a vast number of fact^. Anunig the various topics which will be found useful in 
tht^ school course, i*xpen mental plant jdiysiology, especially in connection with 
nutrition, respiration, and transpiration, is probably one of tin* most valuable. It 
ailords an excellent training in observation, experimental manipulation, drawing 
eonclusions from facts observed, weighing I'videnct' for .and against them, and in 
n(‘atii#»ss and accuracy. 

lOquipment. Simple laboratory and fittings. ( ’la.ss-room accommodation. 
Apparatus. 

Methods of teaching. The pupil should be led througli his own experiments 
and observations to come to conclusions for himself. The work done in tho 
laboratory should precede any tJiscussion of it in tln» class-room. Experimental 
w»)rk should not b(* ini‘rely iliustrative of tin* lecture or text -book. As Spencer 
says, pu])ils ‘.Mlumld ho told as little as possible and induced to discover as much 
as ])ossihh'.'' llecords of experiments. Importance* of drawing. Time required 
by the teacher for the preparation of oxperiiueutal lessons, Eield work. Collect- 
ing and collect.ions. Models, 

ii. T/tr QVachiny of Boiany in Univcvsifirs, 

Notes hy VvdiofksoY (). DowKR. 

rrelhnhtffries,—~\(i matters stand at presi'iit, no previous study of botany by 
t.h (3 sliult‘nt on entry to the univt'rsity can bt* presupposed ; a knowledge of plants 
l)y field colh*ction is, however, most desirable, ns well ns by such teaching as 
suggested by Mr. Wager in schools ; but microscopic work in schools is not to bo 
encouraged : the time would be bettor employed iii acquiring even the rudiments 
of Ereiicli and (Tcrninn. Thus under present conditions any junior class in 
botany in a university will necessarily he mixed, as regards previous knowledge and 
scientific method, as much as in intellectual power of tho individuals. In 
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lecturing aim not at the highest nor the lowest intellects, but so as to keep those 
about 20 per cent, down, with their minds at full stretch. 

Protest against so-called ‘ elementary biology ^ as an introduction to the study 
of botany. It was merely- a weak concession to circumstances. 

Elementary conrse should be attended by all, even by those who already 
profess some knowledge of the subject acquired at school, for this course should 
be a general and methodical foundation for the study on the advanced stage, 
morphological, anatomical, ; and systematic. The length of the 

course should be not less than fifty lectures and a hundred hours of laboratory 
work closely connected with the subject-matter of the lectures. Observation with 
the simple lens and drawing the results should bulk more largely than it does at 
present in laboratory teaching. Microscopic observation has been overdone. 

Advanced courses should treat of special branches of the science, and not try to 
be generally encyclopfedic. Each course should lead the student of that special 
branch up to the limit of present knowledge, with ample reference to, and present- 
ment of, current memoirs ; thus the pupil will be introduced to the special litera- 
ture of the science, and learn how to extend it. Ijaboratory and herbarium and 
museum work, ranging over as wide an area of illustration as possible, should 
accompany each special course. 

Advanced students should be left largely to themselves, and thus learn to think 
and act independently : the object of the student attending advanced coursivs 
should be not so much to acquire information, as to learn scientilic method, and 
how to investigate. Microtomes should be accessories, not the divinities, of the 
laboratory. 

Research . — All are not, and cannot he, investigators. Professors should be 
discreet in encouraging research. At present the results of investigation are givtni 
too prominent a place in selection for preferment. Hence the rush to investi- 
gate ^ whether fit for it or not. The result is many barren publications, and some 
disappointed lives. 

Research should not be begun too early, nor be pursued to the exclusion of 
continued general improvement in the science. Professors should have no com- 
punction in stopping the unfit. 

The presentment of the results of research in good literary form is a first duty 
of the investigator ; there is too much voiding of mere laboratory notes, and too 
much prolix writing; an abstract should always be given. Advocate the study 
of classical papers as models. 

In the above notes no mention has been made of the general adrainistrativo 
duties of a professor apart from the teaching of botany. 


The following Papers were read : — 

1. Notes on Preserviny and Pr^i^triny Plants for Museum Purposes, 

By H. F. Tagg. 

With the object of rendering the preparations educationally more useful, it has 
been the practice in preparing specimens for the Museum of the Royal Botanic 
Garden, Edinburgh, to name the difierent organs by means of labels and pointers 
attached to the specimen. 

A preparation of the kind was exhibited in IHOO, but the many inquiries made 
since regarding the preparation of the specimens prompted a general description 
of the methods employed along with a statement of the results of some experiment. s 
which led to the adoption of these methods. 

I. Methods of Preserving . — Noticing first the characters of plant specimen we 
may wish preserved, the separation of these into characters of colour and characters 
of form coincides with the separation of the methods of preserving into two groups 
— preserving by drying and preserving by means of liquid media. Drying the 
plant has proved the only method satisfactory for the preservation of the colours 
of plants, but fails commonly when applied to the preservation of the natural form, 
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Liquid prpsorvatives are invaluable for tlie preservation of the form, but their use 
involves a sacrifice of the natural colours. 

Characters of colour, however, have not as a rule the same morphological im- 
portance as have characters of form, so that preserving by drying is rarely 
resorted to. 

Turning to liquid preservatives, all do not preserve the form of plants equally 
well, and it is important to distinguish those preserving only the form and shape 
of tlie separate parts from those preserving, not only the form of the separate 
organs, but the relationships of the parts to one another also. Expressed con- 
cretely, the separate leaves on a twig, their shape, substance, and form, may bo 
well preserved in a given medium; but unless there is also preserved the correct 
angle at which the leaves stand out from the stem, and their relationships to one 
another in leaf symmetry, then the preservation of the form of the specimen is of 
a limited kind. Again, the value from this point of view of any preservative 
diflers somewhat according to the character of the specimens to be preserved. 
These may he grouped as follows : — 

1. Ilerhaccous plants and organs which in the natural state owe their shape 
and firmness to the tnr_-’rM---nc'^ of the cells more than to special 

tissues. Such specimens Hag and become soft when that turgescence is lost. Eor 
these stvong alcohol has given by far the best results. It penetrates quickly 
and fixes by dehydration the shape and position of the parts before changes due to 
loss of turgescence occur. Formaline may preserve well the form of the separate 
parts, but the specimen remains soft and the organs flaccid and drooping. 

2. Woody structures, twigs, roots, &c. Eor these alcohol or an aqueous 
raeidium answers equally well. The choice of one or anotlier is determined hv a 
consideration of the ultimate method of exhibition. 

3. Succulent plants, succulent fruits, and all bulky specimens coni aji\imjr rela- 
tively large quantities of Avater. Alcohol if employecl for these often causes 
contraction. Formaline or some other aqueous medium is to be preferred, as sucli 
])enetrate less readily and exert a less energetic attraction for the contained water. 

II. Bleaching. — Specimens which darken in the alcohol or formaline in wdiich 
they are preserved are bleaclied by one or other of the following methods: — 
(o) lly immersion in hot or boiling water; (//) by means of acid alcohol; (c) by 
the use of bleaching solution (hypochlorite of lime). To prevent as far as possible 
the darkening in alcohol tlie specimens are immersed in the preservative as soon as 
gathered, and when possible exposed at once to direct sunlight. 

III. Momitwg. — The specimens are attached to tliin clear glass by means of 
pliotoxylin or gelatine, the glass being cut to fit tlie rectangular vessel in which 
the specimens are to he exhibited. The back of the vessel is painted a suitable 
colour, or coloured glass is placed behind the clear glass. Never is the specimen 
mounted direct upon blue or opal glass, ns this renders impossible a cliange 
of background should the continued bleaching or darkening of tlie specimen 
demand it. 

The naming of tlie parts of the specimen is accomplished as follows : — 

1. The parts named are pointed out upon the specimen it^^elf by means of 
pointers made of thin glass tubes containing colouring matter to render them 
conspicuous ; or 

2. A photograph or drawdug of the .specimen is made, and the name.s of the 
parts indicated upon this. 

2. The Anatomy q/* Ceratopteris thalictroides (Brongniart), 

Bg fSYUiLLE O. Ford, Ntmmham College^ Cambridge. 

Ceratopterif^ thalictroides is the single memhor of the Parkeriaceoe. It is an 
annual aquatic fern which occurs in the tropics, either rooted in the mud or 
floating freely. 

The (Stem is mucli reduced ; sterile as well as fertile loaves are foqnd, both 
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kinds bearing numerous vegetative buds. The sporangia are scattered on the under 
side of the fertile leaves, and have no true indusium. The roots in the mature 
plant arise from the bases of the petioles. 

The vascular bundles in the petiole are arranged in two concentric rings, the 
outer ring being the larger ; each individual bundle has a bi-collateral structure. 

The stem is polystelic, an outer ring of large steles and an inner group of 
smaller ones being found. The structure of each bundle is bi^collateral. In 
young stems the steles are all the same size, the bundles of the first leaves and 
roots of the young plant being in close connection with those in tlm stem. The 
apex of the stem is in the form of a cone with a three-sided apical cell. 

The roots have a single stele and several air-passages. Tlie latter arise as 
splits between cells at a short distance below the three-sided apical ctdl. 

The vegetative buds arise from a single cell. The apical cone is at lirst very 
broad, with a three-sided apical cell. In older buds the apex gradually narrows. 

Ceratojiferis has more strongly marked afhnities with the Polypodiaceee than 
with any other of the Leptosporangiate ferns. It has slighter allinitios with the 
Marsiliacem, and may possibly he intermediate in position between these two 
orders. 


3. An Apparatus for Shtdying the Rate of Floio of f^ohitlons hi, Plant 
Stems, By Richard J. Anderson, J/.i)., Professor of Nat nr af 

History^ Qneen^s College, (johray. 

The agents producing the circulation of fluids in plants have been regarded as 
mainly pliy.sical. Osmosis, capillarity, the removal of tlie 11 aid by transpiration, 
chemical changes in the tissues and fluids, and, if some biological factors hi' 
added that work out the details of distribution, the agents are well-nigh cata- 
logued. Vital force, if one may use the term, and the change from liipiid to 
gas, and the reversing of this process, hav(‘ failed to ('xplain the rise of Iluid 
in stems to a height of 200 to 300 feet above the ♦‘arth. It is therefore of 
interest to study the conditions under which solutions traverse st(;ms. Two 
methods of studying the laws of transmission naturally suggest thcunselvos. A 
water-head may be secured by placing a box at a level sulliciently high to si'oure 
the desired pressure and a portion of the stem to be examined connected by a 
suitable tube to the reservoir; or, imitating the force of transpiration, a suction 
force set up by means of an L" reservoir may be employed. 1 have used 

the following method : A rod ibiir :■■ ■; long is fixed at its centre to a rotating 
axis. The axis is caused to revolve by a motor (electric preferably). 3\vo stems, 
as nearly alike as possible, five-elsrhths of an inch in diameter at the thickest end 
and eight inches long, are taken and connected each to two small bottles or tubes 
by caoutchouc. Each bottle has a tube, or second neck, leading to the outer air 
to maintain the pressure uniform in the bottles. The tube at the stem pole of one 
of the specimens to be examined and that at the root pole of the otlu'r are to bo 
three-quarters tilled with v/eak .solution of vellow prussiate of potassium in eacli 
case, or a solution of eosin. A solution of ])(‘rcIiloride of iron can he used to test 
the stems in the former case. The two stem .specimens arii now to be fixed to 
each side of the rod with the bottles containing the Iluids nearest the centre and 
at the same distance. An axial reservoir may bo substituted for flio two inmu' 
bottles. This has been completed, but I have not yet usihI it. Stems of yEscuhis, 
Syringa, and Philadidphus hav(‘ been oinployed. Solutions pass IVi'idy tbrough 
stems of Syringa, if the bark be retained, when the rod moves at th(5 rate of ninety 
revolutions per minute. In some experiments the flow from the radical to the 
apical pole seemed freer. The fluid passed much less freely after removal of the 
bark. These statements are only provisional. The following interesting ques- 
tions arise: («) The rate of flow in differcuit .stems; {h) the comparison of tin* 
flow from the radical pole of one stem with the flow from the apical pol(‘ of 
another ; (c) the comparison of the conducting power of the barked stem with 
the stem in which the bark is intact ; {d) the conducting powers of the dilTerent 
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tissues ; (e) the influence of lateral pressure ; (/) the difference for different 
fluids. 

4. On the Anatomy of Toclea, vnth an Account of the Geological History 

of the Osmnndacp(v. By A. C. Skward, F.E.S., Miss Sybille 
0. Ford. 

Tilt* anatomical structure of the jrenus (hminuJa has been dealt with by several 
writers, and more particularly by Zanetti in an able paper published in the 
^ Botanisclie Zeitimg’ for 181)5, but the other genus of. the Osmundacem has not 
received equal attention at the bauds of anatomists. Our work, whicli was under- 
taken with a view to discover in what respects Todea differs from Osmund( 4 , 
includes the examination of Todea harhara and T, f^uyerbai as well as the investi- 
gation of scries of microtome sections of young plants. The family Osmuudaceio 
is usually rt»gardt*d as to some extent intermediate between the Eusporangiato 
and Leptosporangiate ferns, and in many respects the two genera Oamunda and 
Todea are of interest in regard to the phylogeny of the various divisions of the 
Filicinm. 

The stem of Todea harhara is traversed by a single stele composed of xylem 
groups surrounding a central pith and s(‘parated from one another by medullary 
rays : these groups vary considerably in shape and number at different levels. There 
may be ns lew as two or as many as eight xylem strands in one transverse sectior 
of tlie stem, while in OAinunda regalia the numher is considerably greater. The 
xylem strands are surrounded by parenchyma, and the sieve-tube zone occupies 
the same position as in Oamunda, This zone, which is continuous in 0. rec/alia, is 
occasionally discontinuous in 'Todea opposite some of the xylem strand.s. The 
comparatively large sieve-tubes occur in triangular patches at the outer end of 
each medullary ray. A characteristic band of tangentially elongated (dements 
succeeds the siev(^-tube Z(mc, and tlu.s is followed externally by a parenchymatouf 
band, the outermost layer of which constitutes the endodermis. The paper dealf 
witli the phyllotaxis of Todea harhara A\ic origin of the leaf-traces, and the Sfrailua' 
alteration in Htructure which tlie collateral l(*af-Trace undergoes ns it passes out froir 
tilt* stele of the stem a.s a horse-shoe shaped strand w’ith one protoxylom grouj 
and gradually assumes tht* form of the broadly O-sbnped concentric stele of tin 
petiole with its numerous ])rut oxylem groups. The anatomy of ‘ seedling.’ planti 
of 7'odea is found to agree w’itli that of Oamuuda regalia plantlets as described bj 
Leclorc du Sablon. As bearing on 1 he questions of ndative ani iquily and phylogeny 
of the members of the Filiees, w’e have endeavoured to give an account of the 
geological history of the 0.smiinduc('a*. 

5. The Gloasopferia Flora of A'uafralla. 

Viif Tk A. N. Arbkr, //.yl., Trinify College^ Cambridge, 

The Gloaaopieria llora is one of the most- remarkable and widely distributed of 
fossil floras. Typical inembt'rs, such as the fern-lik(* plants Glossopteris and 
Gangamopteria^ with the lkpu.setaleaii genus Fhgllothecay occur in rocks of 
rermo-Oarboniferous age in India, Australia, South Africa, and South America, 
pointing to the former existence of a southern continent whose flora was for the 
most part distinct from that of the same age in Eiiropt* and T^orth America. 

In tlu* N(‘wcastle lieds of New South Wales all the typical members of the 
flora 0 (;ciir without any admixture of nortliern type.s (e.g., Lepidiulejulron and 
Sigillaria)j as lias been recorded from similar beds in South Africa and South 
America. 1'he ilora of the Newcastle rocks is interesting botanically both on 
account of the wide distribution of the chief members, which show points of 
ident ity and unity in typo with those of the Lower (lond^vana of India and the 
I’ermian of llussia, and also from the morphological characters presented by many 
of the plants themselves. The collection, which forms the subject of these 
remarks, is in the Geological Museum, Cambridge, and is noteworthy as being one 
of the earliest (1839-44) formed of fossil plants from the continent of Australia. 
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TUESDAY, SEPTEMBED 17. 

The following Papers were read : — 

1. Heterogmesis in Conifers. By Dr. T. P. Lotsy. 

I am going to give a demonstration of a very interesting fact which is called 
lieterogcnesis by Korschinsky in a lengthy paper which, originally published in 
Russian, is now published in German in the last number of ‘ Flora.' 

Heterogenesis, mutation, and spontaneous variation are all words for tin* same 
meaning, but the interesting fact about them is that they seem to form at least 
one way in -which new species can arise. I am iirst going to show you one 
of the original specimens of Capt^ella Heegeri, kindly giv('n to me by Professor 
Count Solms-Laubach. You will all have read his paper on this subject in t ht* 

* Botanische Zeitung,’ and so I have only to remind j^ou that this s])ociea was 
discovered in Lindau by Professor Heeger, in the midst of a large community of 
Capsella bursa past oris, and there can iDe very little doubt that this species has 
suddenly arisen from Ca 2 )sella bursa 2 )asf oris. I need not remind you of the fact 
that -ffm/m* is true to seed: it reproduces Capsolla and does 

not revert to Cajisella bursa 2 ^astoris. 

Much more elaborate work, though on the question of tlie origin of speci(‘s by 
means of spontaneous variation, has, as you all know, been df»ne by Hugo d(‘ \"rie.s, 
who is just publishing his important * Mutationstheorie.’ 

I need not remind you of his results, especially with Oenothera Lamarchiaua, 
which species he cultivated for more than fifteen years, and of whidi he obtained 
a number of new species, all suddenly arisen. In his book In* calls attention to 
the fact that a species apparently can c‘xist for very long periods without ever 
forming new species by means of sudden variations, au<l that th(‘n a pt*riod may 
come during which tjial species does form new sp"ci(“<. Tf this is true, it goes 
without saying that species which are in the period in which the> form spoiitaiioous 
variations should be observed very carefully, and it is tluTfdbre that 1 want to 
call your attention to two genera of Conifer^ which are iii a period of spnntau(*ous 
variation, a period in which they do form mutants, to nsi* the terminology of 
de Vries, which mutants may be true to seed. I do not say that they are, a^^ the 
plants liave not yet produced any. 

The first species is Cupressus Laivsoniana. Among a large nnmher of seedlings 
at least one plant arose whicli was very different indee<l, as \ou see here — the 
Cupressus Lawsouiana 7/7.w?i‘--and among anotluu’ Pt one which was mon* 
different yet, the Ciqyresstis Lawsoniana lyvoimlioides. The first one arosi* in the 
horticultural establishment of v. d. Wessed in lilsse, and the other in that of 
v. d. Elst in Hedemsraart, both in Holland. I do not hesitate to say that these 
plants, if their common origin were not known, would be described as true 
species. 

The other plant I want to show you is Thuja occidentalis Spaethi, which arose 
in the same sudden way in the horticultural establisliment of Spaeth iu Rixdovf, 
near Berlin. 

While I do not want to state that the plants here shown an* new species, I 
yet dare say that a careful observation of these two genera at as many different 
portions of the world as possible may well he advis(‘d, and this is tin* sole object 
of my communication. 

I should think that especially Cupressus Lawsoniana is wortliy of a good deal 
of regard in thi.s respect, more so lhan Thuja occidentalis in fact, inasmuch as I 
feel confident that the new forms of these two sjiocies have nothing to do witli 
‘.Tugendfomien,' while perhaps some retinospora question might ste]) in in the case 
of Thuja occidentalis Spaethi. 
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2. On a Primitive Type of tiiructure in Calamiies, 

By D. H. Scott, M.A., Ph.D,, F.E.S. 

I’aliriontological research has afforded evidence that the Horsetails and Ly co- 
pods— groups now so distinct — had a common origin. The class Sphenopliyllales, 
restricted, so far as we know, to the Palaeozoic epoch, combines in an unmistakable 
manner the characters of Equisetales and rsd- -, while at the same time 

presenting peculiar features of its own. Broadly speaking, it is in the external 
morphology and iii the reproductive structures that the Equisetales are 
approached, while the anatomy has an evidently Lycopodiaceous character. 

The synthetic nature of the Spln-iiophyllalc-*, indicated clearly enough in the 
type-genus SjiJic/topIiyllnm itself, conies out still more obviously in the new genus 
Cheiroi^trobifs, liere the general morphology of the strohilus, the form and 
structure of the sporaugiophores and of the sporangia them-selves are all of 
a Palamarian type, while the anatomy of the axis is as clearly Lycopodiaceous in 
characti'r. 

So far nothing has been found to bridge the gulf which separates the anatomy 
of the Oalamarieie (Palaeozoic Equisetales) from that of the Sphenophyllales or 
the Lycopods. The most ancient known genus of CalamariesD — Arc/ueocalamites 
-approaches the Sphenophyllales in the superposition of the foliar whorls and 
ill tlie dichotomous subdivision of the leaves, points on which Professor Potonie, 
e specially, has laid stres>. Anatomically, however, according to the researches of 
Br. Jlenault and Count Solms-Laubach, it was an ordinary Calamite, diliering in 
no essential respect from thote of the Coal-measiire.s. The atkim of Arc/urocalamitcs, 
like that of its later allies, had a large pith, surrounded by a ring of collateral 
vascular bundles, the wood of which, primary as well as secondary, was wholly 
centrifugal in dev<»lopmeul, the lirst-formed tracheides lying on the border of the 
pith, at the points iiiark(‘d by the carinal canals. In Sphe/ufphgllum^ on the 
other hand, tlie whole of tlie primary wood was ceulripcfrdljf developed, and there 
was no pith. In (Hieirostrvbu'i the same holds good, except that an in.^ignificant 
portion of the primary wood may possibly have la‘en added in a centrifugal 
direction. In liyeopods there may or may not be a pith, but the whole 
{Li/copodituUf Leptdodemlruu) or the greater part {T7}iesipi(ri6) of the 

primary wood is centripetal. 

The Calamite which forms the subject of the ])re8ent communication occurs in 
the well-known Burntisland beds of the C alciferous Sandstone Series, at the base 
of the Carboniferous Formation. The material is calcitiod, and the structure 
e\ia*lleiitly pn ‘served, though the specimens so far discovered are small and 
fragmentary. Their interest depends on the fact that each vascular bundle 
posses.se.s a distinct arc of centripetal wooil on the side towards the pith. The 
carinal canals aie present, ns in an ordinary Calamite, and contain, as usual, the 
remains of the disorganised protoxyleni. They do not, however, as in other 
I'lqiiisetales, form the inner limit of the wood, but xylem of a considerable 
thickness, and consisting of typical traclieides, extends into the pith on the inner 
side of the canal, 'which is thus completely enclosed by the wood. Hence, starting 
from the spiral traclieides of the protoxylem, there was hero a considerable 
de\elopineiit of xylem in a centripetal as well as in a centrifugal direction. That 
the organ was a stem, and not a root, is proved, not only by the presence of the 
carinal canals, but by the occurrence of nodes, at which the outgoing leaf-traces 
ari‘ clearly seen. 

This appears to be the first case of centripel al wood observed in a Calamarian 
stem, and thus serves to furnish anew link between the Palmozoic Equisetales and 
the Sphenophyllales, and through them with the Lycopods. 

The specimens have not as yet supplied any evidence as to the superposition or 
alternation of the verticils, so we are not at present iu a position to determine the 
genus to which they belonged. Provisionally, until further investigation has 
cleaied up this question, the new stem may bear the name of Calaniites petty* 
cureneiet from the locality where it occurs. 
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3. Remarks upon the Nature of the Stele of ISquisetiim* 

By D. T. Gwynnk- Vaughan, 

The vascular bundles of JEguisetum are usually compared with those of a 
moiiostelic phanerogam both in structural detail and with regard to tlieir course 
out into the leaf. The following observations made upon the stems of Telma- 
tf^a^ &c., show that this comparison cannot be satisfactorily maintained. 

It was found that of the three strands of xylem present in each bundle of the 
iuternode, the carinal strand alone passes out at the node as a leaf- trace. The two 
lateral strands join on to the xylem of the nodal ring, and in certain s])ecies {E, 
hiemale, and better still in E, yigantpum) they may bo traced as externally pro- 
jecting ridges over the nodal xylem into the internode above, lii passing through 
the node they diverge from one another so that in the intornode they are found on 
the adjacent sides of two diflerent bundles. At the node above they approach 
each other, and in the next internode they both occur in the same bundle once 
again. The leaf-trace protoxylem, having entered the bundle, runs downwards fo)* 
one internode between the two lateral strands; at the node below it divides into 
two branches which curve to the right and the loft in order to fuse with the 
neighbouidng leaf-traces that enter at this node. 

So the xylem of the so-called vascular bundle of Erjuisetum consists of three 
strands, two of which are lateral and cauline, whiltj the median, or carinal, .strand 
is common to both stem and leaf. The fact that only a small portion passes out as 
a leaf-trace, and not the bundle as a whole, constitutes an essential point of differ- 
ence between it and the bundle of a phanerogam. 

The tracheides in each strand are very few, and consequently it is difficult to 
determine the direction of their development. However, regards the leaf-trace 
and the carinal strand, it appears clear that they are not exarch but eiidarch, or 
perhaps slightly mesarch on the adaxial side. The lattjral strands, as a whole, are 
differentiated later than the carinal strand (as might be expected from the dote 
relation of the latter to the lcave^), but they do not seem to be a continuatiou ol 
its centrifugal development. On the contrary, in E, (jitjanteum^ wlnu-e a^ many a.s 
ten to fifteen elements are pre.sent in eacli lateral .strand, the .smallertt of tlieiu arc 
invariably at the outer extremity, and they gradually increase in .size iuward.s. 
Longitudinal sections show tJuit the largest Iraclieides are coarsely reticulate 
with largo pits and very broad bands of thickening b(‘tween them ; in the 
smaller elements tlie reticulation becomes liner and more regular, and in the 
smallest it closely resembles true spiral thickeiiiiig. T(^ state definitely whether 
the lateral strands are exarch or not was not possible, b('causc no incoinplettdy 
differentiated portion.s of the stem were available ; vso th«‘ question must remain at 
present undecifled, although the mature .structure certainly givt*s a strong impres- 
sion of centripetal development. I’otonie * has established a comparismi betw('en the 
secondary va.scular tissues of the Calamaruv and the Sphntophylldcva' by meiitallv 
doing away Avith tlie central mass of primary xylem that exists in tin*, latter. Hy 
inverting this procedure, and coiishlcring it possibles tliat. the anc(‘si«)rs of the 
Equisetums may have po.ssesscd a xylem that extended to tlie ctuitre of tl)o stem, 
one is led to derive their structure, as it exists at ])n^sent, from the modification oi 
a stele with a solid central mass of c. n!-i:- li;1 wh in such as that of Sphenophylbnn^ 
or of certain Lepidodendreie. To illustrate the nature of the modifications that 
such a stele would liave to undergo, a .series ol' parallel developments may be 
pointed out within the latter grouj) {Lepidodendnm. IthodumvenHCj Stdayinoidp}^, 
llarcouvtii, Siyillaria f^pinosUf and Menardi), in which parenchyma appears in the 
xylem, and gr^ually increases in quantity until only an attenuated peripheral ring 
of xylem remains, which then becomes more or less broken up into separate 
strands. 

It is suggested that the lateral xylem strands in the vascular bundles of the 
existing Equisetums may perhaps be taken to represent the last remnants of a 
primitive central mass, and that this would be entirely in agreement with their 
apparently centripetal development, and in particular with their cauline course. 

* Pfianzenpal-aeDntoloyifl, p. 205. 



THAKSAOTIONS OF SECTION K. 85l 

1. Blii Silur» and Cultn- Flora den Ilarzes, Von Professor H. POTONII^. 


5. On two Malayan * M yrui/icophilons ’ Ferns, By R. H. Yapp. 

rolypodiiiin (riticanopteriH) carnosiiin (Bliiiue) and Polypodiiim smuosum 
(Wall) are two epiphytic Ferns which occur almost exclusively in the Malay 
J^^ninsula and Archipelago. 

Their creeping rhizomes are thick and fleshy, the ventral surfac('. closely 
adhering to the siibstratiitn, th(i dorsal hearing the leaves, which are articulated, 
upon large conical leaf-cushions. Branching is lateral, and is so frequent in the 
case of l^olypodium carnosum that thick compact masses of interlacing stems are 
formed, which completely eucircle the branches of the tree on which it grows. 

The lleshy stems of both Ferns arc traversed by an extensive syslera of hollow 
spac(!s, which, like the galleries of Myrmccodia and Hydrophytiim, are invariably 
inhabited by colonics of ants. Thesis ^ant-galleries* are arranged on a perfectly 
definite plan the details of which diHer to some extent in the two Ferns. In both 
cases, however, there is a single main ventral gallery, which runs in a lonj^dtudinal 
direction through the stem, giving otf a lateral gallery to each branch and a dorsal 
one to each leaf-cushion. The gaHeric^ are formed by the breaking down of a 
large-celled, tliiii-walled tissue, which in the youngest ])‘tirts of the stem appears 
to function as a water-rcservoir. 

Though undoubtedly closely allied s])ecic>, these Ferns have been placed by 
many authorities in different trenera. This lias been largely on account of tho 
curious ])osiiion of the snri in Poly])odium carnosum. In llii.s Fern, and in one or 
two (if its immediate allies, tlie sori arc borne on niargiiial lobes, which are 
com])l(M(‘lv rcll(‘.V(Ml u]ion tlie upper surfac(‘ oi‘ the frond. 'J'his arraniicmciit is 
])Ossibly comiei-ted with spore distribution. 


1). The Vn)^ lotion of Monui Oyhir, By A. (I. TaXsi.EV. 


7. On (Jertiihii In Iho SlrnrlmY of the (»/VKtluolc,sta, Broiyn,^ 

0 ) 0.1 Stcpluino.^pcrumin, Bronyo, By ProtVsrOr F. W. Uliveu. 

The author gave .'■omc account of the anatoniv of the ln.-sil gvmnosjierm seed, 
named by l>ron}»niarl SU'yhanof^nf'rmunt and of anotlier se»‘d, nearly 

allied to the foregoing, Avhicli In* provi.-ionaJly recognised inibylobosa^ 

llnnign. Allciiiion was drawn to the mantle of Iraidieal tissue which invests the 
nueellus ui hotli ea^es. 'fhe possible phydologieal signiticaiiee of this tissue was 
coil idei’cd, and soini' suggestions wmv olleri'd n.s to the conditions which led to 
the e^olution of lln*se‘‘(lin thi.-- group. The author exju-ev^ed flu* opinion that 
I lu're was eoiisideruble probability that the seed habit wa.s at its origin a seerophilous 
ada])t at ion. 


S. liolnro! Snryf ry in Lrarrs, 

By Dr. F. ¥. DLArK>iAN«?«^ Mies AIaitiiaei. 


9. On the Relation bettvecn CO^ Production and Vitality, 
By Dr. F. F. Blackman and Miss Matthaei. 
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9. On the Strength and Resiniance to Pressure of Certain Seeds and Fruits 
By G. h\ Scott Elliot, JLA,, B.Sc., F,C,S., F.R.G\S. 

Everyone is familiar with the extraordinary hardness and toughness of inan> 
common seeds and fruits, but the writer has failed to discover any delinito anc 
detailed account of the amount of weight which such seeds can endure witlioul 
breaking. The experiments, of which an abstract is given, were general 
conducted with a spring balance weighing up to hO lb., and carefully testec 
beforehand. Those seeds and fruits which withstood a pressure of bO lb. wert 
tested with a Wicksteed’s single-lever vertical testing machine, which, throug] 
the great kindness of Professor J. G. Longbottom, M.E., M.I.M E., was placed ni 
the author’s disposal. In all cases the weight mentioned is that at which tlu 
first sign of decided injury could be perceived. Many other seeds and fruits wer» 
tried, but a very large number were found unsuitable, through the difficulty oi 
distinguishing the exact moment at which bursting occurred. 


! 

Number 

examined 

W 

Average 

eight in poundb 

Maximum ' Minimum 

Fumaiia ofticinalis X., nutlet . 

1 

1-250 

1-75 

1 

1 ‘ Cardamoms (Native) ’ seeds . 

2|> 

7 00 

15 

8 j 

1 iSIustard seeds .... 

50 

1-8.S 

() 75 

■>-75 

j Turnip seeds 

50 

I -(>115 

2 25 

1 

1 Cabbage seeds 

50 

2-1 G 

:;'25 

1 

Viola canina, X., seeds . 

10 

21 

2-5 

1 5 

i Orange seeds 

12 

:; 2 -().s 

to 

20 

1 Cottonseed seeds .... 

50 

lo-ot 

27 

11 

Pomegranate, Ppnica granatuni, Z.., i | 

1 seeds 

50 

1 1:;;! 

10 5 

10 

' Spiiidletree, Euonymus europicus, , ; 

X., seeds 

15 

'i-SS 

0-5 

;i5 

Hippopbae rliamnoides, X., seeds . 


7-485 

10 5 

4 1 

1 Lentils seeds 

1 

22* 128 

25 

20 

1 Crab’s Eyes, Abrus incciitorius, X., 

j seeds 

7 


4 1 

IS 

1 A'Tcia Cracca, X., seeds . 

5 

1.12 

15 

12 

1 Sweet Peas seeds .... 

.>l 

o2 00 

50 

10 

Calabar Bean, I’liysostigiua veni- 

nosum, seed .... 

1 

40-50 



Castor oil, Rioinu^ communis, X. . 

1 

J 7-S 1 

21 

0 

Hempseed, Cannabis sativa, X. 
Hornbeam, Carpinus Bctulu.s X., 

50 

l-5o5 

7 

- 

nuts 

5 

27-0 

:jo 


Finns stobus seeds .... 

r.o 

:J'02 

i; 

2 

P. raontana seeds .... 

:,{) 

1-05 , 

2 75 

-.5 

P. austriaca seeds .... 

50 

1 575 , 

0-5 


P. Pinaster seeds .... 

50 

11-150 

11 

8 

P. Cembra seeds .... 

:i 

22 SO 

20, 

20 5 

Picea cxcelsa seeds .... 

50 

0-73 i 

5-25 

1-5 

Yew, Taxus baccata, seeds 


10 1 

20 

10 

Car ex pendula, Utricle . 

25 

‘J-18 1 

4-5 

2 

Wheat (Red B’yfe), Caryopsis . 

50 

20-42 , 

:to 

12 

Wheat (White Fyfe), Caryopsis 
&c. iSce. 

50 

17-10 

20 

K; 


In .tbe cases of the following seeds or fruits the breaking weight was ovei 
^0 lb. It was therefore not possible to test so large a number as the authoi 
would have desired. 
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} , Woight in pounds 

Number I 



examined 

Average 

Maximum 

Minimum 

-azll nut (nut) .... 

1 

6708 





-azil nut (seeds) .... 

4 

04 26 

118 

80 

ipucaia nuts, Lecythis ollariu, L. . 

3 1 

82-33 

100 

58 

'imus Padus, Z., Cocci . 

.5 ' 

80-4 

112 

18 

lumstones Cocci .... 


80-333 

00 

Gl- 

i*eachstones Australian ’ (’ocei 


177GG7 

200 

153, 

3rnus mas, Z., Cocci 

r> 

82-G 


(')0 

anihot Glaziovii seeds . 
azelnuts, Corylus avcllana, Z., 

\ :i 1 

117-83 

1 123 

; 114 

1 

1 

nuts ...... 

7 

55-14 

j 80 

' 32 

^alnuts Cocci ..... 

2 

73*5 

! 80 

G7 

ickory nuts (Carya sp.), Cocci 
^b’s Tears, Coix lachryma, Peri- 

, 4 . 

1 4G 75 

1 1.7G 

i 13,7 

1 

carp ...... 

' 4 

1 GG-25 

00 

40 


The surface of the fruit or seed in actual contact with tlie glass at the moment 
sn breaking occurs is generally very small. In order to lind the pressure per 
ire inch this surface was measured, and its area calculated in the following 
m’er. An object-glass was painted with a thin layer of black paint, and 
jsed down upon the seed. That part which was in contact w'as of conrse 
sred by the paint ; a piece of white cardboard was then pressed down over the 
I under glass, and the area of the stain on the cardboard was calculated by the 
5 of a glass slide ruled in lOOths of an inch. It was found that the pressure 
jounds to the square inch was as follow’s : — 

In the Cabbage seed . , about IGG'2 lb. to square inch. 

,, Hemp seed. . . ,, 433-5 lb. ,, 

,, Euonymus europreus „ 214 lb. „ 

: of course a square inch of surface is never called into action under natural 
ditions. 

The resisting power depends chiefly upon the shape of tlie seed and the 
racter of the sclercncliymatons tissue. Generally speaking, the curve of tlie 
tisverse section of a seed shows an unmistakable resemblance to that of an 
inary stonebridge. On the other hand, both the longitudinal vertical section 
en the seed is lying a flat surface in a natural position) and the longitudinal 
izontal section are generally lanceolate to ovate in shape. These latter curves 
probably of great importance, but for a diflerent purpose. It wa.s found, e.y., 
icult if not impossible to exert suflicient pressure on the seeds of orange and 
ms precatorius, even when two surfaces of wood were employed to hold them, 

I shape and the slippery or smooth coats of the seeds resulting in the seed 
inging out and jumping off. It is possible to make orange seeds, c.//,, jump 
een feet along a flat surface by a slight blow on the end. TJiis peculiar shape 
1 probably enable the seeds to escape from tlie teeth of an animal, or perhaps 
ilitate their passage through the filimentary tract. Some of the curves of the 
ds employed are ilustrated in the paper. 

Many special peculiarities of fruits and seeds arc important aids to their 
isting power. In particular, the ridges on the cremocarps of Myrrh is and 
rraway, the peculiar three-cornered nut of Becchmast, the spongy pericarp of 
jpaeolum, very greatly diminish any danger of injury by pressure from above, 
they yield to the pressure and do not break. When seeds are lying on bare 
•th they are often simply pressed into the earth if any pressure is exerted upon 
jm. Thus, e.p., four seeds of Hemp were placed upon a layer of earth only a 
arter of an inch deep, which was spread upon a glass plate. A weight of 
lb. placed gently on these seeds simply buried them in the earth without 
uring them in any way. 

1901, 3 K 
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WEmESDAY, SEPTEMBEE IS. 

The following Papers were read : — 

1 . Cuticular Structure of Euphorbia Abdelkuri. 

By Professor I. Baylf.y Balfour, F.E.S. 

Euphorbia Abdelkuri is an interesting succulent plant wliicli has heeii hrnuL'hl 
home from a small island in the vicinity of Sokotra by the Ogilvie-I'orhi*^ 
Espedition. The outer surface of the plant in the fresh condition appears to be 
covered with a crust which readily cracks oif, and on examination this is found to 
consist of a number of prisms. At first sight these may be taken for some form of 
mineral incrustation, but they are not of this nature, but are formed by the cuticle 
of the epidermal cells. This does not form an uninterrupted layer over the 
epidermis, but the cuticle of each c(‘ll is separable from that of the adjacent ones, 
and the prisms are merely blocks of cuticle, each one belonging to a single cell. 
This is a construction different from tliat which is ordinarily met with in plants 
with thick cuticular layer. 


2. Some Ohservatiouf^ upon the Vascular Anatomy of the Cyathencece. 

By I). T. Gwynne- Vaughan. 

In a number of Dicksonias with creeping or prostrate stems it is shown that 
the ‘vascular system is soleiiostelic, the leaf-traces departing as a single strand 
curved into the form of a horseshoe, with its concavity facing towards the median 
line of the rhizome — Dicksonia adiantoidesy cicutarkiy davallioideny upUfoUay and 
jmnctiloba. 

In I), apiifolia it is found that along the free margin of the leaf-gap there is a 
considerable increase in the amount of xylem in the sohmostele, causing it to 
project somewhat towards the centre of the stem. 

A similar marginal enlargement also occurs in D. adiaydoide .^ ; and here it is 
continued past the leaf-gap, forming a ridge on the internal surface of the soleno- 
stele, running from one leaf-gap margin to another. In the iuternode this pro- 
jecting portion of the xylem becomes separated oif from the rest and surrounded 
by a phloem of its own ; however, it remains always included within tlie same 
endodermis. 

In Dicksonia rubiginosa the typical vascular ring is interrupted by gaps other 
than those due to the leaf-traces, and it may therefore be termed polystelic. In 
addition there are two or three small accessory steles lying within the vascular 
ring. Throughout the internode the course of these internal steles i.s quite free 
from the vascular ring, ])ut at each node one of them approaches the free margin 
of the leaf-gap, and completely fuses vdth it, separating off again after the leaf- 
gap has become filled up. 

Pteris data var. Karsteuiana has a typically solenostelic vascular ring, and 
also possesses internal accessory steles, which behave in a manner quite similar to 
those of Dicksonia rubiymosa ; but they are relatively larger, and rnequently they 
all fuse up together so as to form a second, inner, completely closed vascular 

It is suggested that the several internal steles and vascular rings that occur in 
the Saccolomas and in ilfafoww jjcctiwota are also of the same origin and nature 
as those described above. 

The relation of the internal accessory steles in certain Oyatheas to those of 
the above-mentioned ferns is also discussed. 
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3. On thp Anatomy of Dannea anrl other Marattiacece. 
liy Gkorck Brrbner. 

Viirioiis of tlio. Marat tianea* wore atndiod for the comparative anatomy 

of tlie adult, structure, aiul J)(itia*a ^hnjf/h i/otia, ltu(l}^<*, for the development of 
tli<! vascular system. 

1 . I)ev(*lopment. of the vascular system of Dan(pa mnplicifolia^ Kudge. 

^J'he primary vascular axis is a simple concentric stele. The xylem consists of 
a central mass of small scalariform tracheids, without any conjunctive parenchyma^ 
4'h(} pliloinn consists of a layiT of small sieve-tubes separated from the xylem by a 
layer of parenchyma. The pericycle may be absent or only imperfectly repre- 
sented. There is a definite endoilermis, but the con.stituent cells are not clearly 
always th(‘ innermost ones of the extras! elar parenchyma. 

When the cotyledon-trace is about to bo given oil the xylem of this vascular 
axis, or ^ protostele,’ is separated into more or less unequal portions by a layer of 
])arenchyma. The parenchyma increases in amount, and ultimately the cotyledon- 
trace is separated from the central stele. The cotyledon-trace is collateral. The 
next, few leaf-traces are given off in the same maimer, and are likewise collateral. 
The stehi resumes its simple ^ protostel ic ’ appearance, f’auline roots occur, but not 
regularly. 

As further leaf-traces depart from, and root-traces join, the vascular axis, the 
primitive structure is gradually modified, and it may become more or less 
crescentic, forming an incomplete', or even complete, gamostelic ring. The spaces 
h'ft by the dt'parturc of the leaf-traces iiow^ constitute leaf-gaps. The vascular 
tissue of this stage may h(‘ described as a ‘ siphon os tele with leaf-gaps.* 

The tiiiK' of appearance of the first mucilage canal varies. The earliest occur* 
nuice noted was after the third leaf-trace, had been differentiated. 

In on(‘ s(‘edling a curious ligament of phloem was observed, which pursued an 
obliqu(i course iqjwards and connected the two liorns of a cresc(‘ntic vascular mass. 
T'his strand of pliloihn interrupted the coui*8e of the central mucilage canal. 

At lirst the leaf-traces arc sim|)le and collateral; later they are simple and 
concentric; still later each trace divides into a pair of strands as it recedes from 
the axis. At a higher level the leaf-ti’ace consists of a pai’’ of strands each of 
which 1 ake.s its departure separately. 

A remarkalde de\iation in tlu' early stages of development was shown by one 
seedling. A mass of parenchyma early made its appearance in the centre of the 
xylem, simulating a pith. Candul examination allowed that this was due to 
at)ortion of the cotyledon and its trace, and exceptionally early ineparation for the 
dopartuH' of the llirco succeeding leaf-traces. 

2. Stele of the Marat tiacca'. 

The, structure of the ‘stele,* ns seen in transverse section, is niiir irin 

in essential histological details throughout the group. It may be said to be of the 
fern tyxie, but there is no eiidodermis (/.c., in the case of 'well-grown plants), and 
the ])ericycle is not characteristically present. 

i'ho protoxylem is usually eudarch — at any rate in the frond — but it may he 
mesarcli. 

Tlie protophloiim is internal. This was first demonstrated in the steles of the 
stem by Miss Shove.' It has since been found to be internal in the steles of the 
frond of two species of Dcmcm and of Maratlia ahita. There can be little doubt 
that the internal position of the protophloiim is general for the steles of both stem 
and frond in this group of ferns. 

Apical growth. 

All th(* fresh (widenco obtained while studying the seedlings of J}ancBa 
dmplicifolia is in favour of an initial group, consisting of a few cells, both ii\ stem 
and root, 


A vnaU Bot., vol. xiv. 1900, p, 497, 
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4. TJoots. 

Nothing* new has been observed in the roots of the iMarattiacom. In the 
roots of Dancea aimpUcifoUa there is what might be called a fibrous pith, which 
is early differentiated, even before the main mass of the xylem has begun to be 
lignihed. 


4. A Chapter of Plant-evohition : Jvrassic Floras, 

By A. C. Seward, F,R,S, 

From the cliffs on the Dorsetshire coast to the moorlands and headlands of 
East Yorkshire England is traversed diagonally by a band of Jurassic strata, and 
outlying patches of Jurassic rocks occur in West Somerset, (floucestcrshire, 
Worcestershire, Cumberland, and elsewhere. Sediments of the same age occur 
also in Sutherlandshire, in the islands of Skye and Mull, and In other parts of Scot- 
land. After the filling up of the inland lakes of the 'rrias'<ic i)eriod, the land 
gradually subsided and was invaded by a shallow sea in which a thin band of 
Rhsetic sediments was deposited in the Dritish area. The vegetation of this 
period is represented by the rich floras of Scania, Franconia, and other districts, 
but in Britain by a few meagre and imperfect records. Idie rocks formed on the 
floor of the deeper Liassic sea have afforded several Cycadean fronds and fragments 
of coniferous trees drifted from neighbouring land. From the estuarine beds 
intercalated in the series of marine strata of the Oolitic period, an abundant flora 
has been obtained from Yorkshire and elsewhere. The roofing slates of Stones- 
field, described by Plot in his ‘ Natural History of Oxfordshire* ’ in 1077, have 
yielded numerous fragments of plants, which may be tlie relics of tlie vegetation 
of an island in the Jurassic sea. From the Oxford clay, Corallian beds, and the 
Kimeridge clay a comparatively small numbe'r of plants have been obtained, while 
from the overlying Portlandian and Purbeck series the well-known Cycadean 
stems and the abundance of silicified coniferous wood demonstrate the prominent 
role played by gymnospermous plants in the v(*getation of the land, which had 
gradually encroached on the Jurassic ocean. Finally, a rich flora, preserved in 
the freshwater Wealden sediments, affords a striking proof of the slow change 
in the character of the vegetation since the Inferior Oolite period. 

The chief features in the floras ranging from the Uhretic to the Wealden are 
briefly described ; an attempt is made to determine the dominant types during this 
long succession of stages in the earth’s history, and to estimate the progress of 
plant-evolution from the close of the Triassic period to the appi'arance of 
Angiosperras in rocks of Lower C’retaceous age. 

5, On the Structure and Origin of Jet. By A. C. Seward, F.R.S, 

The hard jet of Whitby appears to have been used in Britain in pre-Roman 
days; it is alluded to by Caedmon and mentioned in 1. ‘150 in thej*, Records of 
St. Hilda’s Abbey. It was formerly extensively rained in the cliffs of the York- 
shire coast, near Whitby and elsewhere ; in Fhskdale, Danby Dale, and in several 
of the dales that intersect the East Yorkshire moorlands. The hard jet occurs in 
the Ammonites serpentvius zone of the Upper Lias, frequently in the form of 
flattened masses or layers, which in rare cases have been found to reach a length 
of 6 feet. Parkinson in his 'Organic Remains of a Former World’ (1811) speaks 
of jet, in some cases, as pure bituminised vegetable matter, and the majority of 
writers reprd it as having been found as a product of alteration of plant tissues. 
On the other hand it has been described as ‘ the result of the segregation of the 
bitumen’ in the intervals of the jet shales, which|has sometimes formed pseudo- 
morphs after blocks of wood.' The author has recently examined several sections 
of Yorkshire jet in the British Museum, which he believes demonstrate the origin 
of this substance from the alteration of coniferous wood and, in part at least, of 
wood of the Araucarian type. 

* Tate and Blake, The YorJishire Lias, 187G. 
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The occumnce of specimens of silicified wood Laving a covering layer of jet 
is spoken of by Young* in his ‘ History of Whitby’ (1817), Sections cut from 
specimens which consist in part of ])etrified wood and in part of jet enable us to 
trace a gradual passage from well-preserved Araucarian wood to pure jet, which 
affords little or no evidence of its ligneous origin. The conclusion arrived at is 
that the Whitby jet owes its origin to the alteration of coniferous wood. ^ Tho 
fact that jet frequently occurs in the form of tlattened blocks of wood in all 
jin'bability admits of the natural explanation that tho jet has been derived from 
the wood, the form of which it has assumed, and not that the jet was formed 
elsewhere and permeated the tissues of the wood as a fluid bitumen. 


G. On (Jorenuneid Planting in flm Ish of Man. 

]lg Ci. P. lIudiiEs, 

In August last the author, by pcrnii>>ion from Mr. I h-inknatcr, Crown Lands 
Ih'ccivcr in the Isle of Man, inspected, with the head forester, 1 he tliree plantings 
of about 1,000 acres comnienced b}*^ Sir Henry Lock in the year 1882, and added 
to on a larger scale hy his snccossor, the lato Mr. Ccorge Calley, when Senior 
(.'oin miss ion er in the liepnrtment of Crown Lands. 

The author was iiifoimed in an interview with Mr. Watt, of Carlisle, tho 
contractor who siqqdied tlio trees and planters, that the innnher of trees per 
aere was 5,000, consisting of oak, Douglas birch, IxA'ch, silver, Scotch, and Russian 
pine, and larch. He employed eighty of his nurserymen from (’arlisle, erecting 
luHises and siqqdying tlieir fond on th«‘ .spot, the <*ost bi'ing 0/. ])er acre, indc- 
jjeinh nt of a fivi-foot stoiu* wall, which must have added one third to the cost. 

Th(' land had no surface \aluc, being overgi-own by an bins, heath, and fern upon 
bhale and iiujicrvimis rock. 

Pruning and weeding from the young trees up to now have been imperative, 
but o\er one lialf of the planted area maybe dispensed vilL, the trees having 
mastered the situation. On thi' more exposed ])arls the trees had suffered from 
theAvinds and wen* dAvarfed, hut h\ imitiial sla‘lter tln‘se trees, ranging to an 
ele\ at ion of mountain 1 ,0U0 feet high, have a healthy apjiearanci*, .showing that they 
IniAe established roots and ])roniise to Woine trt‘«*s. On a le\el Avith the Ioaati* 
elexation ])lanted, tin* .\raucaria imbricata and many sul)-tro]»ical trees aro 
thriving in the opi*n at. (iuba ('astle, having trei' shelter. Thi* Avriter made the 
observation that, though shelter, the prospective ])o.ssession hy thi‘. Government of 
foresti'd lands fur national emergencies, and tlie employment of labour for the 
i.slaiiders were leading inffuences Avilli tho Depart inent of CroAvn Lands, the 
inliahitaiits and visitors to the island Avere imich indebted for tho climatic and 
]>ictorial effects, Avhich add to tho amenities of tin* place as a summer and 
Avinler Inailth resort. The thinning of thesi* ])lantations should sliortly com- 
imuice, and should heroine a ])rofft to the GoA't*rnnn‘nt, and a grt'at convenience to 
tho adjoining mine.'> and industries of the island. In the House of (’ommons tho 
Avorkofthe Department of CroAvu Ijunds aaiis censured by a few cbeeso-paring 
('conomists, but in the Isle of Man, so far as could be judged, their AA'ork was 
a le.sson of sound judgment and exact administration Avith tenacity of purpose 
resulting in tho assurance of success in the near future and an enduring moiui- 
nient to thi' patriotic, forethought of tlie eminent Commissioners by Avhom they 
were originally planned, 

7, On l:ipovc formation in Yeasts. By T, Barker. 


8. On a Diplodia pai^asltic on Cacao and on tho Snyar Cane» 
By A. Howard. 


9. On Abnormal Catkins of the lIa:.eL By Professior F. E, Weiss, B.Sc^ 
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Section L.— EDUCATIONAL SCIENCE. 

President oe the SEcrroN — The lliglit lion. Sir John E. 
Gorst, K.C., M.P., F.P.S. 


TuunsDAY, sKrTEMnim 12 . 

The President delivered llu' following Addre^^s ; — 

The invitation of the Tlritisli Association to preside over th(» Section of 
Education, established this year for the iirst time, has been gi\eii to me a> a 
representative of that Government Department whieh controls the larger, but 
perhaps not the most etficient, part of the Education of the United Kingdom. The 
most suitable subject for my opening Address would therefore seem to be the 
proper function of National Authority, whether central or local, in the education 
of the people; what is the limit of its obligations ; what is the part of Mduoatiou 
in which it can lead the way ; what is the region in which more powerful inllu- 
ences are at work, '•and in which it must take care not to hinder tlieir operation ; 
and what are the dangers to real education inseparable from a general national 
system. I shall avoid questions of the division of functions between Central and 
Local Authorities, beset with so many bitter controversies, which are political rather 
than educational. 

In the first place, so far as the mass of the youth of a country is concerned, the 
Public Instructor can only play a secondary part inthemO'«t important j)art of the 
education of the young — the development of character. The character of a people 
is by far its most important attribute. It has a great d(‘al more moment in the 
affairs of the world, and is a much more vital factor in the promotion of national 
power and influence, and in the spread of Empire, than either physical or mental 
endowments. The character of each generation dt*p(;nds in the main upon the 
character of the generation which precedes it ; of other causes in operation the 
effect is ■ ‘Ti]-.':* . diirly small. A generation may hen little better or a little wors(j 
than its : r m: ■!»■:>, l ut it cannot materially differ from them. Improvement and 
degeneracy are alike slow. The chief causes which produce formation of cliaracter 
are met with in the homes of the people. Th(‘y are of gn^at variety and mostly 
too subtle to be controlled. Iteligious belief, ideas, ineradicable often in maturer 
life, imbibed from the early instruction of parents, the principles of morality current 
amongst brothers and sisters and playmates, popuhu’ superstitions, national and 
local prejudices, have a far deeper and more permanent efl’ect upon character 
than the instruction given in schools or colleges. The teacher, it is true, exercises 
his influence among the rest, ^len and women of all sorts, from university pro- 
fessors to village dames, have stamped some part, of their own charaett'r upon a 
large proportion df their disciples. Dut this is a power that must grow feebler as 
the number of scholars is increased. In the enormous schools and classes in which 
the public instruction of the greater part of the children of the people is given 
the influence on character of the individual teacher is reduced to a minimum. The 
old village dame might teach her half-dozen children to ho kind and brave 
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and to speak the truth, even if she failed to teach them to read and write. The 
head master of a school of 2,000, or the teacher of a class of eighty, may be jtn 
incomparably better intellectual instructor, but it is impossible for him to exercise 
much individual influence over the great mass of his scholars. 

There are, however, certain children for the formation of whose characters the 
nation is directly responsible — deserted children, destitute orphans, and children 
whose parents are criminals or paupers. It is the duty and interest of the nation 
to provide for the moral education of such children and to supply artificially the 
influences of individual care and love. The neglect of this obligation is as injurious 
to the public as to the children. Homes and schools are cheaper than prisons and 
workhouses. Such a practice as that of permitting dissolute pauper parents to 
remove their children from public control to spend the summer in vice and beggary 
at races and fairs, to be returned in the autumn, corrupt in body and mind, to 
spread disease and vice amongst other children of the State, would not be tolerated 
in a community :-’’ve to its own interest. 

A profound, ■ _■ : i-. and untraceable, influence upon the moral educa- 

tion of a people is exercised by all national administration and legislation. Every- 
thing which tends to make the existing generation wiser, happier, or better has an 
indirect influence on the children. Better dwellings, unadulterated food, recreation 
grounds, temperance, sanitation, will all affect the character of the rising genera- 
tion. llegulations for public instruction also influence character. A military 
spirit may be evoked by the kind of physical instruction given. Brutality maybe 
developed by the sort of punishments enjoined or permitted. But all such causes 
have a comparatively slight effect upon national character, which is in the main 
the product for good or evil of more powerful causes which operate, not in the 
school, but in the home. 

For the physical and mental development of children it is now admitted to he 
the interest and duty of a nation in its collective ca])acity to see that proper 
schools are provided in which a certain minimum of primary instruction should be 
free and compulsory for all, and, further, secondary instruction should be available 
for those tittcd to profit by it. But there are diiferences of opinion as to the age 
at which primary instruction should bc‘giu and end ; ns to the subjects it should 
embrace ; as to the qualilications which should entitle to further secondary 
instruction ; and as to how far this should bt‘ free or hov/ far paid for by the 
scholar or his ])arents. 

The age at which scliool attendance should begin and end is in most countries 
determined by economic, rather than educational, considerations. Somebody 
must take charge of infants in order that mothers may be at leisure to work ; 
the demand for child hiboiir empties schools for older children. In the United 
Kingdom minding babies of three years old and upwards has become a national 
function. But tlu‘ infant ‘ school,’ as it is called, shoukl be conducted as a 
nursery, not as a place of learniug. The chief em])loyment of the children should 
be play. No strain should be put on either muscle or brain. They should be 
treated with patient- kindness, not K^ateii with canes. It is in the school for 
tdder children, to which admission sliould not be until seven years of age, 
that the work of serious instruction should begin, and that at first for not more 
than two or throe hours a day. 'Fliere is no worse mistake than to attempt by 
too early pressure to cure tlie evil of too early emancipation from school. Beyond 
the luechanical accomplishments of reading, writing, and ciphering, essential to 
any intellectual ])rogress in after life, and dry facts of history and grammar, by 
which alone the}" are too oftcni supplemented, it is for the interest of the com- 
munity that other subjects should ne taught. Some efibrt should be made to 
develop such faculties of mind and body as are latent in the scholars. The 
same system is not applicable to all ; the school teaching should fit in with the 
life and surroundings of the child. Variety, not uniformity, should be the rule. 
Unfortunately the various methods by which children’s minds and bodies can bo 
encouraged to grow and exphnd are still imperfectly understood by many of 
those who direct or impart public instruction. Examinations are still too 
often regarded as the best instrunieht for promoting mental progress; and a large 
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proportion of tLo children in schools, both elementary and secondary, are not really 
educated at all — they are only prepared for examinations. The delicately ex- 
panding intellect is crammed with ill-understood and ill-digested facts, because it 
is the best way of preparing the scholar to undergo an Examination-test. Learning 
to he used for gaining marks is stored in the mind hy a mechanical ellbrt of 
memory, and is forgotten as soon as the Class-list is published. Intellectual 
faculties of much greater importance tliaii knowledge, however extensive — ns 
useful to the child whose schooling will cease at fourteen as to the child for whom 
elementary instruction is but the lirst step in the ladder of learning — are almost 
wholly neglected. 

The power of research — the art of acquiring information for oneself — on whicli 
the most advanced science depends, may by a proper system be cultivated in the 
youngest scholar of the most (‘leinentary school. Curiosity and the desire to find 
out the reason of things is a natural, and to the ignorant an inconvenient, pro- 
pensity of almost c\ery child ; and there lies before the instructor the whole realm 
of Nature knowledge in which this propensity can be cullivated. If children in 
village schools spent less of their early youth in learning mechanically to read, 
write, and cipher, and moni in searching hedgerows and ditch-bottoms for Bowers, 
insects, or other natural objects, their intelligence would bo developed by active 
researcli, and they would better learn to read, write, and cipher in the end. The 
faculty of linding out things for oneself is one of the most valuable with which a 
child can be endowed. There is hardly a calling or business in life in which it is 
not better to know how to search out information than to possess it already 
stored. Kverything, niori'ovor, which is discover(‘d sticks in tin*. ni(‘mory and 
becomes a more secure possi'ssion for life than facts lazily imbibed 1‘rom books and 
lectures. The faculty of turning to practical uses knowledge possessi'd might be more 
cultivated in Erimary Schools. It can to a limited extent, but to a limited extent 
only, he tested by examination. Ksftays, compositions, jiroblems in mathematics 
and science, call Torth the ])o\vtT of using acquin'd knowli‘dgt‘. !Mero acquisition 
of knowledge does not necessarily confer the power to make use of it. In actual 
life a very scanty* store of IvOmw liMlg-*. coupled with the capacity to apply it 
adroitly, is of more value than boundless information which the possessor cannot 
turn to practical use. 8omo measures should bo taktni to cultivate taste* in 
Primary Scliools. Children are keen admirers. They can be early taught to 
look for and appreciate what is beautiful in drawing and jjainting, in poetry and 
musii', in nature, and iu life and diameter. The ellect of such h^arniiig on manners 
has been observed from remote antiquity. 

Pliysical exercises are a proper subject for Primary Schools, especially in the 
artificial life led by children in groat cities : both thr»se wliich develop chests and 
limbs, atrophied by impure air and the want of healthy games, and those which 
discipline the hand and the eye — the latter lo ])err<*ive and appn'ciate more of 
what is seen, the former to obey more readily and exactly the impulses of the 
will. Advantage should lie taken of the fact that the children come daily under 
the observation of a quasi-public oBiccr -the school teacln'r -~to secure them 
})rotection, to which they are alreatly entitled hy law, agaiu'^t hunger, nakedness, 
dirt, over-work, and other kinds of cruelty and neglect. Children’s ailments and 
diseases should by periodic inspection be detected : the milder one.s, such as sores 
and chilblains, treated on the spot, the more serious removed to tin* care of 
parents or hospitals, diseases of tlie eye and all maladies that would impair 
the capiocity of a child to earn its living .should in the interest of the community 
receive prompt attention and the most .skilful treatment available. Special 
scliools for children wlio are crippled, blind, d(‘af, feeble-minded, or otherwise 
alllicted should be provided at the pniblic cost, from motives, not of mere philan- 
thropy, but of enlightened self-interest. So far as they impirovo the capacity of 
such children they lighten the burden on the community. 

I make no apology for having dwelt thus long upon the necessity of a sound 
system of Primary Instruction: that is the only foundation upon which a 
national system of advanced education can be built. Without it our cflbrts and 
our money will be thrown away. But while primary instruction should be 
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provided for, and even enforced upon, all, advanced instruction is for the few. 
It is the interest of the commonwealth at largo that every boy and girl showing 
capacities above the average should be caught and given the best opportunities 
for developing those capacities. It ivS not its interest to scatter broadcast a huge 
system of higher instruction for anyone who chooses to take advantage of it, 
however untit to receive it. Such a course is a waste of public resources. The 
broadcast education is necessarily of an inferior character, as tlie expenditure 
which public opinion will at present sanction is only sufficient to provide 
education of a really high calibre for those whose ultimate attainments will 
repay the nation for its outlay on their instruction. It is essential that these few 
should not belong lo one class or caste, but should he selected from the mass of 
the i^eople, and be really the intellectual vlite of the rising generation. It must, 
however, be confessed that the arrangements for selecting these choice scholars to 
whom it is remunerative for the community to give advanced instruction are most 
imperfect. No ‘ capacity-catchinir machine’ has been invented which does not 
perform its function most imperfectly: it lets go some it ought to keep, and it 
Iveeps some it ought to let go. Competitive examination, besides spoiling more or 
les.s the education of all the competitors, fails to pick out those capable of the 
greatest development. It is the smartest, who are also sometimes the shallowest, 
who succeed. ‘ Whoever thinks in an examination,* an eminent Cambridge tutor 
iiaed to say, * is lost.* Nor is position in class obtained by early progress in learning 
an infallible guide. Tin* dunce of tbtf school sometimes becomes the profound 
thinker of later life, ^onie of the most brilliant geniuses in art and science have 
only developed in manhood. They would never in their boyhood have gained a 
county scholarship in a competitixe examination. 

In Primary Scliools, -while minor varieties are admissible, those, for in.*?tancc, 
between town and country, the jiublic instruction provided is mainly of one type ; 
but any useful scheme of higher education must embrace a great variety of 
methods and courses of instruction. There are roughly at the outset two main 
divisions of higher education - the one directed to the pursuit of kiio-svledge for 
its own sake, of which the practical result cannot yi‘t be foreseen, wlierebv the 
* scholar * and the votary of ])iuv science is evolved; the other directed lo the 
acquisition and application of special I.- by which the craftsman, the 

designer, and the teacher are produced. I :. : of these is called Secondary, 

the latter Technical, Kducation. Jloth have numerous subdivisions which trend 
in special directions. 

Tli(^ varieties of secondary education in the former of these main divisions 
would h.ave to be determined generally by considerations of age. There mxist be 
ditlereiit courses of study for those whose cducatmn is to terminate at sixteen, 
at eighteen, and at twenty-two or twenty-throe. Within each of these divisions, 
also, there would he at least two types of instruction, mainly according as the 
student devoted himself chiotly lo literature and language, or lo mathematics and 
science. But a general characteristic of all Secondary Schools is that their expres.s 
aim is much more individual than that of the Primary School: it is to develop 
tlie potential capacity of each individual sclndar to the highest point, rather 
than to give, as doe.s tlie Klemeiitarv School, much the same modicum to all. For 
these reasons it is es.scntial to liuvc small classes, a highly educated staif, and 
methods of instruction very ditlerent from those of the Primary School. In iho 
formation of character the old Sccondnvv Sidiools of Great Britain have held their 
own with any in the world. In the rapid dovelopinont of now Secondary Schools 
in our cities it is most desirable that this great tradition of British Public School 
life should be introduced and maintained. It is not unseientilic to conclude that 
the special gift of colonising and adrainistering dependencies, so characteristic of 
the pt^ople of the United Kingdom, is the result of that system of • „ x- i.: ;■ :il 

t«) which evt'ry boy in our higher Public SebooLs is early initiated. But while 
we boast of the excellence of our higlier schools on the character-forming side of 
their work, wo must frankly admit that there is room for improvement on their 
intellectual side. Classics and mathematics have engrossed too large a share of 
attention ; science, as part of a general liberal education, has been but recently 
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admitted, and is still imperfectly estimated. Too little time is devoted to it as a 
school subject: its investigations and its results are misunderstood and under- 
valued. Tradition in most schools, nearly always literary, alters slowly, and the 
revolutionary methods of science find all the prejudices of antiquity arrayed 
against them. Even in scientific studies, lack of time and the obligation to 
prepare scholars to pass examinations cause loo much attention to bo paid to 
theory, and too little to practice, though it is by the latter that the power of 
original research and of original application of acquired knowledge is best brought 
out. The acquisition of modern languages was in bygone generations almost 
entirely neglected. In many schools the time given to this subject is still inade- 
quate, the method of teaching antiquated, the results unsatisfactory. But the 
absolute necessity of such knowledge in literature, in science, and in commerce is 
already producing a most salutary reform. 

The variety of types of secondary instruction demanded by the various needs 
and prospects of scholars requires a corresponding variety in tlie provision of 
schools. This cannot be settled by a rule-of-three method, as is done in the casi; 
of primary instruction. We cannot say that such and such an area being of such 
a size and of such a population requires so many vSecondarv Schools of such a 
capacity. Account must be taken in every place of Ibe respecthe demauds for 
respective types and grades of secondary education ; and existing provision must 
be considered. 

It must not, however, he forgotten that a national system of education has its 
drawbacks as well as its advantages. The most fatal danger is the tendency of 
public instruction to suppress or absorb all other agencies, however long esta- 
blished, however excellent their work, and to substitute one uniform meclianical 
system, destructive alike to present life and futiin* progress. In our country, 
where there are public schools of the highest repute carried on for the most part 
under ancient endowments, private schools of individuals and associations, and 
Universities entirely independent of the Governnumt, there is reasonable hope that 
with proper care this peril may be escaped. But its existence .should never be 
forgotten. Universal efficiency in all establishments that profess to educat(‘ any 
section of the people may properly be required ; but the variety, tlu' individuality, 
and the independence of schools of every sort, primary and .secondary, higlicr and 
lower, should be jealously guarded. JSucli attributes once lost can never be 
restored. 

There still remains for our consideration the second division of Higher Kdiuia- 
tion, viz., the applied or technological side. It is in tliis branch of Education that 
Great Britain is most heliind the rest of the worhl ; and the nation in its efforts to 
make up the lOvSt ground fails to recognise the fact that real technical instruct ion 
(of whatever type) cannot possibly bo assiinilatt‘d by a student unless a proper 
foundation has lieen laid previously by a thorough grounding of elementary and 
secondary instruction. Our efibrts at reform are abrupt and disconnected. A panic 
from time to time sets in as to our backwardness in some particular branch of 
commerce or industry. There is a sudden rush to supply tlu* need. Classes and 
schools spring up like mushrooms, which profess to give instruction in the lacking 
branch of applied science to scholars who have no elementary knowledge of the 
particular science, and whose general capacities have never bi‘eri sufficiently 
developed. Students are invitc'd to climb the higher mugs of the ladder of 
learning who have never trod the lower. But science cannot be taught to those 
who cannot read, nor commerce to tliost^ who eunnot write. A fe^v elementary 
lessons in shorthand and 1: • k-k- ■;*•! jr will not fit the British people to compete 
with the commercial enterprise of Germany, yucli sudden and random attom])t8 
to reform our system of technical education are time and money wasted. There 
are grades and types in technological instruction, and progress can only be slow. 
It is useless to accept in the higher branches a student who does not come with 
a solid foundation on which to build. In such institutions as the Polytechnics at 
Zurich and Charlottenburg we find tlie students exclusively drawn ffom those 
who have already completed the highest brandies of general education ; in this 
country there is hardly a single institution where this could be said of more than 
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a mere fraction of its students. The middle grades of technological instruction 
sillier from a similar defect. Hoys are entered at technical institutions whose 
only previous instruction has been at elementary schools and evening classes ; 
whose intellectual faculties have not been developed to the requisite point ; and 
who have to be retaught the elements to lit them for the higher instruction. In 
fact there is no scientific conception of what this kind of instruction is to accom- 
jdish, and of its proper and necessary basis of general educatif)n. 

Yet this is just the division of Higher Education in wliich Public Authority 
liiids a field ^ for its operations practically unoccupied. There are no 
ancient institutions which there is risk of * The variety of the 

subject itself is such that tliere is little dan: “ ■ ■ .* into a uniform and 

mechanical system. What is required is lirst a scientific, well-thought-out 
plan and then its prompt and elicctivti execution. A proper provision of the 
various grades and ty])es of technological instruction should be organised in every 
place. The aim of each institution should be clear ; and the intellectual equip- 
ment essential for admission to each should be laid down nud enforced. The 
])riuciples of true economy, from the national point of view, must not be lost sight 
of. Ih’ovision can only be made (since it must be of the highest type to be of the 
slightest use) for tho.^e really qualified to ])rofit by it to the point of benefiting 
the, communit}". hi veiling classes with no standard for admission and no 
test of efliciency may he, valuable from a social point of view as providing 
innocent occupation and ainuseineiit, but they are doing little to raise the tech- 
nical capacity of the nation. 8o far from ‘developing a popular demand for 
higlu'r instriietion ' lliey may be preventing its proper growth by perpetuating the 
popular niiseoneeption of what real technical instruction is, and of the sacrifices we 
must makt‘ if our people are to compete on (»qual terms with other nations in the 
commerce of the world. The progress mad(‘ under such a system would at first 
be slow ; the nuaiber of students would bi‘ lew until improvements in our systems 
of ])riiTmry and secondary instruction afforded more abundant material on which 
to vNork ; but our louiidatioii would ])e on a rock, and every addition we were able 
to make would he ])eniianent, and contribute to the final completion of the 
eflilice. 

It is the s])ecial function of the British Association to inculcate scientific 
vi(‘W of things ’ in evi'ry de])artuient of life, 'riiero is nothing in which scientific 
conei'ption is at the ])re.sent moment more urgently required than in National 
Education ; and there is this ])eculiar dilliculty in the problem, that any attempt to 
construct a national system inevitably arouses burning controversies, economical, 
religious, and political. It is only a society like this, with an established philo- 
sophical character, that can afford to reduce popular cries about education (which 
ignore what education really is, and perpetuate the absurdity that it consists in 
attending classes, passing examinations, and obtaining certilicates) to their true 
proportions. If this Association could succeed in establishing in the minds of the 
people a scimititic eonce])tioii of a National Education System, such ns has already 
beem (‘volved by m<\<t of the nations of Europe, the States of America, and our 
()wn Coloni('s, it would have rendered a service of inestimable value to the 
British nation. 


The following Pn])('rs were read ; — 

1. Thr Or</anls(tfiini of' SfCinKiari/ Edomtion. 
Jhj Sir Hknhy E. Roscok, 


2, Tim ^fe.chanism for Education in Scotland, Ihj John AdAms. 

In Scotland the School Board system is liniversnl. The whole cottntry is 
divided up into School Board areas. It is true that there lire a number of Voluti- 
tury pchofils throngbout the country, mainly connected with thfe Episcopalian 
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imd Eoman Catholic Churches, hut these make up less than twelve per cent, of 
the whole. 

3?e tween the years of five and fourteen education is compulsory, hut exemption 
may be obtained in whole or in part on passing certain examinations. 

In Scotland the line of division between primary and secondary schools is not 
nearly so clear as in England. ^Public School* means in Scotland any school, 
whether primary or secondary, that is under the management of a School Board, 
By the Education (Scotland) Act, 1872, eleven schools were scheduled as Higher 
Class Public Schools. There are now thirty such schools, all of them placed entirely 
under the control of School Boards * with a view to promote the higher education 
of the country,* The fundamental difference between these and all the other 
public schools of Scotland is that the Higher Class Schools are debarred from 
earning the annual parliamentary grant. All the other public schools are usually 
referred to as ^ grant-earning.* Voluntary schools are also since 

they receive all the grants of the ordinary public schools, with lue aduiiioii of un 
annual grant of three shillings per pupil in average attendance. 

The Higher Class Public Schools are supported by contributions from llio 
municipal authorities of the district, according to ancient custom, by certain 
endowments varying with each case, by fees, and by the rates. If need be, the 
School Board may charge all the expenses of a Higher Class School on the rates, 
except the salaries of teachers. The Board has great freedom in dealing with the 
Higher Class Schools. It determines the qualifications to be demanded from the 
teachers, and has the power of causing candidates for the ])ost of teacher to be 
examined. This power is rarely, if ever, exercised. The qualification demanded is 
usually the possession of a University degree. TliehO schools are examined 
annually. 

The grant-earning schools are subject to many more restrictions. Only duly 
certificated teachers can be employed, and certain rigid rules about registi'ation, 
accommodation, time-tables, religious instruction, liava' to be attended to. The 
annual grant depends upon the report made by un inspector representing the 
Scotch Education Department. As to the subjects studied, however, there is no 
rigid line marking' ofl the grant-earning .ndiools from the others. The tradition of 
the Scottish Pari.sh School is that each school is fit to pr(q)are a lad to go direct 
from school to university, and in the north-east of Scotland — thanks to the Dick 
and Milne Bequests — the tradition is justified to this day. Speaking broadly, 
however, the grant-earning school contents itself with efficient elementary work. 
The Merit Certificate represents the attainments aimed at in the elementary public 
schools. To gain this certificate the pupil must give evidence of a tiiorough 
grounding in reading, writing, and arithmetic, and must have a good working 
knowledge of elementary English, nature knowledge, and the more practical 
aspects of geography, with some general acquaintance with British history. But 
wherever there is the least desire for higlier education, arrangements are made 
to carry the pupil beyond the ]Merit Certificate stage. This may be done in either 
of two ways : (1) An Advanced Department may be formed, in wliich pupils who 
have gained the Merit Certificate may be taught, in clas^e8 of not more than forty, 
the subjects of English, tr'-ogiapliv, history, arithmetic, and as a rule drawing; 
and in addition such of the following subjects as are found suiuible under the cir- 
cumstances: languages, mathematics, science. (2) A Higher Grade De])avt men t 
may ho established, or a whole school in a district may Ixi set apart as a Higher 
Grade School. In these schools or departments there must be a duly qualified 
teacher for every thirty or fewer pupils on the roll, and there must bo a well- 
defined course of instruction approved by the Department, and extending over not 
less than three years. The education in such schools may be predominantly 
scientific or predominantly commercial, or they may give a course specially adapted 
for girls, or for any special class of pupils. Considerable latitude is permitted in 
proposing courses of study, even classical subjects being permitted as a subordinate 
part of a course that otherwise satisfies the department. But stringent conditions 
arc laid down to prevent scrappiness. 

As matters stand. Advanced Departments mid Higher Grade Schools are meant 
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to bo ends in Ilieni5?elv<'a, The pupil wlien finished -svitli them is regarded ns 
having completed his education. The Higher Class Schools seek to prepare their 
pupils for the University, though naturally a large proportion of tlieir pupils do 
not carry on their studies beyond the school. The Leaving Certificate Exami- 
nation holds the same relation to the Higher Glass School that the Merit Certificate 
holds to the Elementary (Iran t-eaming School. In the meantime the .subjects of 
the Leaving Certificate Examination may be taken singly, but certificates are now 
being issued also in group.?, thi- :rr"-:u ;* .r implying school attendance as well a.s 
mere passing of examinations. ■- subject these Leaving Certificates are 

accepted by the Universities as exempting from the corresponding subjects in the 
University Preliminary Examination. Proljably in a f»3w years the Leaving 
(Certificate wdll practically tak<* tlie place of the University ih*eliminary Exami- 
nation. 

Besides the Higher Class Public Schools there are the upual endowed sehools 
and company schools, which exceed in number and rival in eflicieney the School 
Board schools. By the Technical SchooU (Scotland) A.ct, and subsetiuent 
amendments, Scliool Boards have the power of founding and maintaining at the 
expense of the ratepayers technical schools in subjects needed in tb(‘ir districts. 

There ar(3 thirty-nine Secondarv Education Committees, each rc'uie^cMiting a 
county, a burgh, or a parish — mostly counties — whose function is to distribute 
certain moneys that are s<3t apart by the Government each year for the purpose of 
assisting secondary education. The Scotch Mucation Department is represented 
on each of these (Committees by one of His Majesty’s Inspector.? of Schools. Those 
Committees wield a very important influence by the methods in which they allocate 
the fund.s. The County Councils, too, have the ])ower of aiding secondary or 
technical education out of certain grants made to them for various local purposes. 
There is a general desire for some unification of all the dillerent authorities that 
thus influence*, sometimes in opposite ways, the course of Secondary lilducation in 
Scotland. Some recommend the handing over of Education to the (bounty 
Councils, to be dealt with along with the other matters of local government ; 
others desire an extension of the School Board area, leaving the control of all 
educational matters, whether primary or .secondary, in the hands of Scho.)! Hoards 
repre.senting counties or other large areas. 


3. Ovffavimtlon of Edocaflon in OIasfjoif\ Jhj l)r. W. Jacks. 

4, TliP Trainlny of the Praeticnl Jfati. 

By j'lr. Joiix G. Kekr, Head Master of Allan (ilnfs Srhoof (ilasyoir. 

The author quoted (^irlvle to the efiect that ^ the grand r(‘<ult of schooling 
was a mind with just vision to discern, with free force to do,’ and considered 
whether tlie system of education at ])resont provided was in the din'ctioii of 
encouraging that inde])endent thought and action which marked the ])ractical 
man in the best sense. The kindergarleu and the priinarv . ‘school, in Dr. Kerr’s 
opinion, wen* now offering a liberal discipline, and tb(* conditions und(*r which 
the merit certificate was obtained secured breadth of general and practical 
training. That there were in the Glasgow area last year over 20,000 enrolments 
for special courses of instruction in eY(*ning continuation schools was fair proof of 
tlie efficiency of tlie primary school .system. Considering tliose pupils who 
])assed into 8(*condary schools and the average duration of secondary school life. 
Dr. Kerr pointed out that the superiority of Germany was to some ext(*nt due to 
its military system and to the operation of ‘tlie certificate for one years military 
service,’ for that certificate not only reduct'd military service, but qualified for 
businesses, opened the way to higher studies, and stamped the educated flass(*s. 
If our secondary school work was to grow there must be inducements to keep 
promising pupils at school. The agencies which were at present concerned with 
the preliminary training of those who were to be engaged in industries and 
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manufai^tures were higher grade schools and schools of science. The methods 
followed Vere explained, and Dr. Kerr declared that most valuable results might 
be anticipated from the highly practical training Ihoy provided. He argued in 
favour of the institution of maintenance scholarships, which would imu-ely b<^ 
payments during the period of preparation for capable citizenship, and he con- 
tended that the able youth who had to lace such a trade as engiiu'ering should 
not be required to work through five years^ apprenticeship in the shops if the 
school training which he had received justified a reduction. With increased 
school training the genuinely capable youth would make the very most of his 
workshop experiences, would more easily find his way to higher positions, and be 
likely to do better national service than could b(‘ expected from the less educated 
youth who had been hurried into hard manual work before a basis of knowledge 
iiad been laid or good intellectual habits acquired. 

Dr. Kerr anticipated no serious objections to diminished apprenticeship from 
the trades unions, and the capitalist employer Avould not be altogether influenced 
in his attitud(‘ by the profitableness of apprenticeshi]) labour. It was the case 
that many apprentices of ability were discouraged, and it w^as true that many 
other promising youths of scientific and mechanical turn kept clear of apprentice- 
ship. But Britain could not afford to let capacity go to Avaste, and accordingh' 
every effort should be made to discover and train for industries youths of first- 
class brain-power. France, in applying prudent and skilful methods of eliminating 
the unfit from point to point in the higher practical schools, had set an example 
Avhich might be followed with profit. 


Fin 2) A r, sFPTj!]Mmm i3. 

The following l^apers were read : — 

1. Tha Future Work of the Section, 
ByVroies^ov H. E. Armstrong, 


2. The Experimental Method of Teaching, 
By Profossoi' L. C. Miall, I\I{,S, 


3. On the Scope of the Science of Edncafion, 

By Professor H. L. Withers. 

At the outset of the work of the new Section of J^diioatiunal Science it is of 
extreme importance that we should come to some worki"/ .i ::■■■ - ii ■ 1 about its 
scope. There is gra^ e risk of our being overwhelmed by a :■ i .nteresting 

problems, some of which cannot properly hci attacked before we have settled oiir 
procedure and arranged our topics in some sort of order of priority and propor- 
tional importance. In that case our discusjsions are likely to be no more convincing 
than the debates of the many scores of clubs and societies which are already pour- 
ing out an endless stream of papers and treatises on educational subjects. We 
must begin with the matters which are most fundamental and central, and leave 
for a while those which are subordinate and marginal. 

We start with the claim that there is such a study as the science of education. 
A study does not become a science until it is systematic, orderly, and continuous ; 
until the field of its investigations is marked out ; and until the terms A^hichituses 
are defined with some precision. Until this point is reached everything remains a 
matter of opinion and prejudice, and no genuine advance in thoi^ht is possible. 
We must admit that this point has not yet been reached in the British study of 
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education, and it is the diilicult and responsible duty of this Section to attempt to 
place our study upon an objective and truly scieiitilic basis. 

^ The necessity for a scientific study of education has been brought bom© to the 
British Association by the force of events. Discussions have arisen from time to 
time in the various Sections as to the true methods of teaching different subjects of 
science. In the Section of Chemistry much valuable work has been done, under 

the lead of Professor Armstrong, by means of a coinr I - w .■ in co-opera- 
tion with practical teachers. Much also has been ■ : by the Geo- 

grai^cal Section for the reform of metliods of instruction in geography. 

There cun no doubt that this plan of treating education in separate de- 
partments makes an admirable introduction to further investigation, but it is 
clearly inadequate in scope and faulty in method unless it be carried into a much 
wider field. To begin with, the different Sections of the Association only touch 
n small part, of the whole sphere of education. They leave out almost all that is 
implied in the training of the character and tli(‘ feelings, the cultiv ation of the 
power of t*xpression through language, and the enlargement of . • \ that 

comes through the study of literatim'. Secondly', such a method ■ ■ with 

single subjects by themselves is unsound both in logic and in practice. The 
practical schoolmaster is at tacked by specialists in an endh'ss number of subjects, 
eacli one of whom demands tliat his own speciality shall b(‘ taught, and taught 
thoroughly. The schoolmaster cannot possibly teach them all ; he must make 
somi^ selection among them. On 'svbat rational grounds is lie to do this ? Ilis 
school time-table shows his practical answer; lu* divides the twenty-five hours a 
week which he has to distribute among the differc'nt parts of tlu' curriculum in 
cerl a in proportions, giving, let us say, five hours to mathematics, two to history, 
liv(‘ to th(* study of the niotli(*r tongue and its literature, and so forth. If he has 
any well-consi(l«‘r<*d and intelligibh' account to give of his time-table, that account 
must, be rimdori'd in the terms of .'^onu' theory of the comparative importance of 
the various subj(‘cts to his piqiils. This imjdies some conci'ption of an ordered 
system of knowledge as a wliole, quite apart from the individual claims of special- 
ists. This theory of the curriculum is an important part of the science of (‘duca- 
tion. Again, if we turn to tlie question of methods of instruction we cannot 
solve the problems which they raise by referring to tbt' different subjects in isola- 
tion. For instaiici*, are we to teach geometry aemonstrativelv in the method of 
Euclid, or concretely and thrimgh physical applications ? \Ve can get no sure 
answer by appealing to tlie matlieniatical spi'cialists. Tliey will tidl us that it 
depends wliat our oliject is in teaching geometry ; what mental powers we wish to 
train ; what later applications Ave intend to make of tlu" geomi'trical faculty when 
acquired. That is, wti find ourselves referred partly to a consideration of tlie total 
aim and purpose of our education and partly to its li'chnicul bearings. And tlu'se 
are not mathemat ical considerations at all. Similarly, if we are asked hoAV w(j 
ar(i to teach a language, let us say French, avc cannot gWo a satisfactory ansAver in 
terms of French linguistic science alone. AVe must reply that it dopjmds upon our 
purpose in teaching IVench, whether, that is, Ave desire to make it a key toknoAAdedge 
of one of tlui foremost literaturt's in Europe, or whether Ave di^sire to give a power to 
conduct commercial corrospondenco in French, or whether Avt* aim at both of these 
ends and many others tluit might bt* narat'd. There is no such thing as a method 
in the abstract. A method is a means to an end, and Aaries indefinitely in relation 
to that end. 

It is clear, therefore, that tlie science of teaching is not the same thing as the 
teaching of science. The study Avhich belongs to Section L must be, in a sense, 
independent of the subjects studied in the other Sections, although, in another 
sense, it is clostdy bound up Avith thorn. The great Avork Avliich the Section can 
do is to introduce sorai' kind of order into the confusion Avliich rages at present in 
educational controA^irsy. It can uchieAm this only by simplifying and concen- 
trating its field of work, by defining its scope, and by aiming at an orderly and 
systematic treatment of its main topics. 

We may beat arrive at an ide^ of the scope of educatipnal science by consider- 
ing the following questions : What is it that the educator should study and practise 
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apart altogetlior from the two or three departments of knowledge in which he may 
happen to be a specialist ? Wliat are the chipf topics in regard to whicli he ouglit 
to seek after clear ideas and sound action ? 

We must begin, must we not ? with a rough working definition of education 
itself. Education is a living process in virtue of which the partly developed 
young of the liuman species are adjusted by nourishment and (‘xercis(* to the 
environment in Avhich, when fully grown, they will have to continue to liAe, 
That environment is partly physical and partly human. 

Healthy activity in rdation to i\ature and man may serve ns a working delini- 
tion of our end, and in order to obtain this for children we must aim at clear ideas 
about the following points : — 

{n\ Physical health in the home and in school. 

(/>) A sound correspondence, implying health of brain and nerACS, betwetm the 
mind of the child and the natural phenomena Avhich surround it, and Avliich 
form the background of human life. 

(c) A cidtivation in the child of human sympathy Avith the community of 
which he is to form a part ; a power to express that sympathy in ch'ar language ; an 
understanding of human nature and of the art and literature in Avhich that human 
nature has most characteristically embodied itself ; some knowlege of human history 
and of the gradual process by Avhich mankind has attained to the position in which 
AA^e find it. All this must be accompanied by constant habituation to healthy 
activity Avith other human beings in the social relations of home and school. 

These appear to be the indispensable conditions of adjustment of the groAving 
child to his environment. To aid that ndjii-tnuMd it is evident that the educator 
must clear up his ideas on many points. Of th(‘se the most important and most 
central might be specified as follows ; — 

(i.) The hygiene of human growth, with special reftTence to tlu' healthy func- 
tions of groAving brains and nerA^es. 

(ii.) The theory of the curriculum, which must includ(‘ a consideration of the 
comparative value for groAV'ing children of differtmt subjects of study, ami of th(‘ 
order and mutual relation in which these subj(‘Cts should b(i presented to the 
adolescent mind. 

(iii.) The theory of method, which must embrace a study of the conditions 
under Avhich the maximum of mental and moral activity cun he attained Avitliout 
overstrain. It Avill therefore comprise an investigation into the sa mptoms and 
causes of brain fatigue. It will consider the circumstances under Avhich the 
int(*rest and self-acth’^ity of children are best rous(*d and mnintaim'd. It Avil! 
r(*quire a series of practical (‘xperim<'nts conducted hy trained obser\t‘rs under tlio 
ordinary conditions of school lifi'. 

(iv.) The study of the conditions under A\duch desirable qualities of character 
are produced, such, for instance', as courage, kindness, initiative*, firmm’ss of Avill, 
and the like. Under this head Avould come the scientific study of jday, of imita- 
tion, of the influence of suggestion, and so forth, as avc'II ns of tlu* influence of the 
school community and school institutions. 

In these four topics, Avhich may he summed up as physical and mc'iital 
hygiene, the theory of the curriculum, the theory of method, and the theory of 
character, might be found a rough Avorking schemti of the scope of educational 
science. When AA’^e have arrived at some sort of agreement upon th(‘m we shall 
have to consider the forms of administration and organisation most likely to foster 
desirable conditions. For ihis AA^e shall need a. comparative study of educational 
institutions, including those of foreign nations and those Avhich have existed in 
the past. After this avo may proceed to tlie corollaries and riders of our main 
topics, such, for instance, as tlie problem of Iioav best to prepare children for par- 
ticular trades and professions, such as engineering or law, and in especial liow to 
train those who are goin^ to be educators, for the effective practice of the scientific 
principles of their profession. 
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curriculum is ditlicidt. It is necessary to guard, on the one hand, against a 
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' Published with an account of the Discussion which followed the reading of 
the Paper, Macmillan & Co., London, 1901. 
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some familiarity with scientific method be acquired, but also a good deal of that 
scientific knowledge which is essential for intelligent general reading. Add to 
the time required for mathematics and science what is needed for English, history, 
and geography, and two modern lans'ua^o®, and but little time is left for Latin. 
German, too much neglected in English schools, is essential both on practical and 
on general grounds, and should take the place of Latin. Nor would there be any 
appreciable loss in point of discipline and training. Modern languages, though 
easier than the classical ].incun-20-, present quite enough difficulties for the 
average boy, and he has at the end of his course something to show for his 
efibrts. Much depends on effective scholarly teaching and on the selection of 
reading-books requiring sustained thought. 
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vegetation in the, G. F. Scott Elliot 
on, 718. 


Coal output from the Scottish coalfields, 
R. W. Dron on the, 741. 

Coal-tar industry, the relative progress 
of the, in England and Germany dur- 
ing the past ffteen years. A, G, Green 
on, 252. 

CoATr:s (H.) on the collection of photo- 
graphs of geological interest, 339. 

Coffey (G.) on the exploration of caves 
in Ireland, 282. 

on naturally chipped flints for com- 
parison with certain forms of alleged 
artificial chipping, 795. 

on manufactured objects from Irish 

caves, 798. 

Cohex (R. Waley)and W. N. Shaw on 
the seasonal variation of the atmo- 
spheric temperature of the British 
Isles, and its relation to wind-direction, 
558. ^ 

Coherer, A note on the, by Prof. J. 
Blytli, 583. 

Coker (E. G.) and 11. T. Barnes on a 
determination by a thermal method of 
tlie variation of the critical velocity of 
water with temperature. 579. 

Cole (Prof. Grenville) on the explora- 
tion. of caves in Ireland, 282. 

Collet (Miss C. lL.)on the effect of legis- 
lation regulating women's labour, 399. 

Colloids and crystalloids, transitional 
forms between, Dr. Gladstone and W. 
Hibbert on, 601. 

Colonial policy, British, in its economic 
aspect, A. B. Clark on, 755. 

Colour vision, Dr. F. AV. Edridge- Green 
on, 817. 

Conductivity of metallic particles, the 
change of, under cyclic electro-motive 
variation. Prof. J. C. Bose on, 634. 

Congo, Portuguese, itineraries in, Rev. T. 
Lewis on, 717. 

Conifers, heterogencsis in, Dr. T.P. Lotsy 
i on, 848. 

I CoNWENTZ (Prof. H.) on the past history 
i of the yew in Great Britain and Ire- 
I land, 839. 

Cooper (C. Forster) on the fauna of an 
atoll, 692. 

Copeland (Prof. R.) on meteorological 
observations on Ren Nevis, 54. 

Copper-bearing rocks of S. Australia, 
F. P. Mennell on, 665. 

Copper ores of Scotland in their geolo- 
giciil relation, J. G. Goodchild on, 
647. 

Coral island, the land crustaceans of a, 
L. A. Borradaile on, 692. 

islands of the jMaldives, J S. 

Gardiner on, 683. 

reefs of the Indian regions. Second 

report on, 363. 

Corbett (Cameron) on the real inci- 
dence of local rates, 757. 
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COBNISH (Dr. Vaughan) oh terrestrial 
sv/iface leaves^ 398. 

on the size of waves as observed at 

sea, 773. 

Corresponding Societies Committee: 

Report, 465. 

Conference at Glasgow, 466. 

List of Corresponding Societies, 487. 

Papers piiblished t>y Local Societies, 
490. 

CORSTORPHINE (R. H.) and Dr. G. G. 
Henderson on the condensation of 
benzil with dibenzyl ketone, 607. 

COBTIB (Rev. A. L.) on the drift in 
longitude of groups of faculie on the 
sun’s surface, 542. 

♦Cosmography, the representation of the 
heavens in the study of, A. Galeron 
on. 727. 

COTTBKLL (F. G.) on the theory of the 
Lippmann electrometer and related 
phenomena, 548. 

Covellite, the occurrence of, in associa- 
tion with malachite in the sandstone 
of Kingsteps, W. Mackie on, 651. 

Craig (E. H. Cunningham) on cairn- 
gorms, 651. 

*Cbaw (J. a.) on the effect of non- 
electrolytes on the Lippmann electro- 
meter curve, 549. 

* on the determination of the surface 

tension of mercury by the method ot 
ripples, 549. 

m on the potential differences of 

allotropic silver, 549. 

Creak (Capt. E. W.) o?i determining 
magnetic force at sea, 29. 

Cbeb (T. S ), a business man on supply 
and demand by, 7 48. 

♦Cremieu (Dr. V.) sur les diets de la 
convection electrique, 531. 

on a new point of view about gravi- 
tation and a proposed experiment, 561. 

Crete, Report on explorations in, 440. 

the Neolithic settlement at Kno.ssos 

in, A. J. Evans on, 792. 

explorations at Zakro in, D. G. 

Hogarth on, 793. 

Cbick (G. C.) on life-zones in the British 
Carboniferous rochs, 288. 

Crompton (Col. R. E.) on the resistance 
of road rehicles to traction, 402. 

— - on the B,A. screw gauge, 107. 

Address to the Section of Engi- 
neering by, 761. 

Cbook (C. V.) 071 the collection of photo- 
graphs of geological interest, 339. 

Cbookb (W.) on the Natural History 
emd Ethnography of the Malay Penin- 
sula^ 411. 

* on the proposed ethnographic sur- 

vey of India, 806. 

Crustaceans, land, of a coral island, L. A. 
Borradaile on the, 692. 


Crystal structure. Report on the develop- 
7nent of the geometrical theories of, 297. 

Crystals, the application of the equili- 
brium law to the sepai'otion of, from 
coinplex solutions, l)r. E. E. Armstrona 
on, 262 

♦ dredged from the Clyde near 

Helensburgh, J. S. Flett on, 635. 

Cullen (Rev. J ) and Lt.-Col. Cunning- 
ham on idoiieal numbers, 652. 

Cunningham (Lt.-Col. Allan) o7i tables 
of certain mathematical functions, 54. 

and Rev. J. Cullen on idoneal 

numbers, 552. 

and 11. J. Woodall on the deter- 
mination of successive high primes, 553. 

(Prof. D. 3.) on the exploration of 

caves in li'cland, 282. 

, Address to the Section of Anthro- 
pology by, 776. 

(J. H.) on excavations at Ardocb, 

790. 

Cyanophycciu, the cytology of the, 11. 
Wager on, 830. 

Cyathace.'c, the vascular anatomy of tlic, 
I). T. G Wynne- V^aug ban on, 851. 


Daiiam and other ^larattiacem, the ana- 
tomy of, G. Lrebn(‘r on, 856. 

Darwin (Prof G If.) on seismologicnl 
investigation, 40. 

on Poincare’s pear-shaped figure of 

equilibrium of rotating fluid, 550. 

(Horace) on seismological incest i- 

gation, 40. 

on earth Qiiovcmenh at the Ridgeway 

fault, 52. 

(Maj. L.) on snsmoJogical incestiga- 

tion. 40. 

Dawkins (Pjof. U(\vd) on the cxcaration 
of cares at Vj)h%H, 352. 

on the age of stone circles, 427. 

Dawson (the late Dr G. M.) on an 
ethnological surrey of ('ana da, 409. 

Deacon (G. F.) oh underground tem- 
peratm'e, 64. 

Dekanawideli, the law-giver of the 
Caniengahakas, J. t). Brant Sero on, 
802. 

Dendy (Miss ^lary) on fceblencs^ of 
mind, })auperism, and crime, 758. 

Denison (F. Napier) on the seismograph 
as a sensitive baiometcr, 677. 

Db Range (C. K ) on the erratic blochs 
of the British Isles, 283. 

Devas (Charles 8.) on the significance 
of the decline in the English birth-rate, 
750. 

Dewar (Prof. J.) on wave-length tables 
of the spectra of the elements and 
compouivds, 79. 

Dickinson (Joseph) m underground 
temperature, 64. 
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Dickson (H. N.) on the n -7 

physical condiiions of /.'y'*-. 

Channel during 1899-1900, 353. 

— - on changes of the land level of the 
Phlegrcean Fields, 382. 

on the climatology of Africa, 383. 

on a scheme for the siirvey of Brit ish 

Protectorates, 396. 

on the mean temperature of the 

atmospliere and the causes of glacial 
periods, 722. 

Differential equations and the Puiseux 
diagram, R. W. H. T. Hudson on, 555. 

Diffraction grating, the effect of errors in 
ruling on the appearance of a, II. S. 
Allen on, 568. 

♦ Dillon (J.) on recording soundings by 

photography, 773. 

Diorite associated witli granite at As- 
souan, A. Somervail on, 663. 

*Piplodia parasitic on cacao and on the 
sugar cane, A. Howard on, 857. 

jDiscussion: On the teaching of mathe- 
matics, 869. 

♦ on the proposed new unit of 

pressure (see p. 71 ), 562. 

on glass used for scientific purposes, 

568. 

on economics and commercial edu- 
cation, V51. 

♦ on housing, 753. 

on the teaching of botany, 843. 

Dobbik (Prof. J. J.) on ahsorgnion si)ee- 
tra and chemical conqwsition of or^ 
ganic bodies, 208. 

Douglas (\Vm. M.) on jiersonal identi- 
fication, Dr. A. Bertillon’s system, 805. 

Dron (Robert W.) on the output of coal 
from the !Scotti.sh coalfields, 711. 

Duncan (Dr. Eben.) and Dr. 'L\ 11. 
Bryce on prehistoric man in the 
island of Arran, 795. 

“^Di/NLOP (J. fS.), Prof. A. Gray, and A. 
Wood on clastic fatigue, as shown by 
metals and woods, 529. 

Dunstan (Prof. W. U.) 071 the teach’- 
ing of scioice in elementary schools, 
458. 

Duty-free alcohol for chemical research, 
W. T. Lawrence on, 697. 

Dwerryhouse (A, R.) 07i the erratic 
hlochs of the British Isles, 283. 

on the movements of njidergronnd 

/caters of N, W. Yorkshire, 337. 


^Ear, the cartilage of the external, in 
the Monotremata in relation to the 
human ear, Prof. J. Cleland on, 788. 

JCarthqnakes : sec Seis/ziological Investi- 
gation, 

Earth’s curvature, the experimental 
■ demonstration of the, H. Yule Oldham 
cn, 725. 


Echinoidea, the fertilisatio7i ^process in. 
Dr. A. H. R, Buller on, 366. 

Economic Science and Statistics, Ad- 
dress by Sir R. Giffen to the Section of, 
728. 

Edgeworth (Prof. F. Y.) on the effect 
of legislation regulating 7vomc7ds labour, 
399. 

Edridge-Green (Dr. F. W.) on colour 
vision, 817. 

Education, chemical, some points in. 
Prof. J. Sakurai on, 612. 

, commercial, and economics, L. L. 

Price on, 751. 

* in Glasgow, organisation of. Dr. 

W. Jacks on, 865. 

, liberal, for boys leaving school at 

sixteen or seventeen, H. W. Eve on, 869. 
— in Scotland, the mechanism for, 
John Adams on, 863. 

, the scope of the science of. Prof. 

II. L. Withers on, 866. 

* , secondary, the organisation of, 

Sir H. E. Roscoe on, 863. 

Educational Science, Address by Sir J. E. 
Gorst to the Section of, 858. 

* , Section of, the future work of 

the, Dr. H. E. Armstrong on, 866. 

* the practical study of, P. A. 

Barnett on, 869. 

Edwards (E. J.) on the critical point in 
rolled steel joists, 774. 

Egyptian king. Hen Nekht, the bones of 
the, C. S. Myers on, 797. 

* Elastic fatigue as shown by metals and 

w^oods. Prof. A. Gray, J. S. Dunlop, 
and A. Wood on, 529. 

♦Electric convection, the magnetic effects 
of, Dr. V. Cremieu on, 531. 

leaves, interference and polarisation 

of. Prof, Dr. C. Quincke 07i, 39. 
Electrical 7neasu7'e77ients, c.vpcri77icnts for 
i/nproving the construction of g/ractical 
standards for, Repoit on, 31. 

Appendix: a co/nparison of the 
silver deposited in voltameters 
eo/itai/iing different solvcrits, by 
X Skin/ier, 32. 

Electricity, the discharge of, through 
morcurv vapour, Prof. A. Schuster on, 
.531. 

Electrolysis of alkali salt, vapour, the 
laws of, H. A. Wilson on. 547. 

Electroly t ic conductivity of halogen acid 
solutions. Dr. J. Gibson on, 613. 
’^Electrometer curve, the Lippmann, effect 
of non-electrolytes on, J. A. Craw on, 
519. 

, the Lippmann, the theory of, F. G. 

Cottrell on, 548. 

Ellinger (Barnard) on thirty years* 
export trade, British and Irish produce, 
1870-1899, 744. 
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Blphinstonb (G. K. B.) oil the B.A. 
scre7v ffdUffCf 407. 

Engineering, Address by Col. R. E. 

Crompton to the Section of, 761. 

English Channel^ 'planhto^i and 2 )hysical 
cmditiojis in 1899-1900 of the, Interim 
report on the, 353. 

^Engraving, machinery for, IVIark Barr i 
on, 774. I 

Enzyme action, Adrian J. brown on, GOO. 

I", the nature of the stole of, 

I). T. (jr Wynne- Vaughan on, 850. 

Mratic Uoclis of the British Isles, Ilcport 
oil the, 283. 

Ether, the necessity of postulating an, 

B. Hopkinson on, 534. 

■*‘Kili'.ogr;i- 'i.<* survey of India, the pro- 
posed, W. Crooke on, 80G. 

Ethnography and Natural History of the 
Malay Peninsula, Report on the, 411. 
Ethnologieal Surrey of Canada, Fifth 
repbrt on an, 409. 

Eujylm^hia Ahdelhuri, the cuticular struc- 
ture of, Prof. I. B. Balfour on, 851. 
Evans (A. II.) on viahing a. digest of the 
observations on the migrutwn of birds, 
361. 

- - (A. J.) on the Silchester exeavation, 

425. 

on the age of stone circles, 427. 

on explorations in Crete, 440. 

' on the Neolithic settlement at 

Knossos, and its place in the history of 
early uEgean culture, 792. ! 

(Sir J.) on the age of stone circles, ' 

427. 

071 exrplorations in Crete, 410. 

on the rrorh of the Cori'csgumding 1 

Societies Conunittee, 465. | 

Eve (H.' tv.) on liberal education for ' 
boys leaving school at sixteen or seven- | 
teen, 869. 

Everett (Prof. J. D.) on jyraetical elee- , 
trical standards, 31. 

— on midergrownd temperature, t>l. ' 
on resolving power in the micro- I 

scope and telescope, 669. j 

Evolution of man, hints of, in tradition, 
D. MacRitchie on, 806. 

Ewaet (Prof .J. Cossar), Address to the 
Section of Zoology by, GG6. 

* on zebras and zebra hybrids, 691. 

Ewing (Prof. J. A.) on seismological 
investigation, 40. 

♦Experimental method of teaching, Prof. 

L. C. Miall on the, 866. 

Export trade, thirty years’ (1870-99), 
British and Irish produce, Barnard | 
Ellinger on, 744. ! 


Faculse on the sun’s surface, the drift in 
longitude of groups of. Rev. A. L. 
Cortie on, 642. 


Fairley (T.) on the movements of under^ 
gronnd waters of N. W. Yorkshire, 337. 

Farm labour colonies, recent results of, 
Harold E. Moore on, 757. 

Farmer (Prof. J, B.) on the morphology, 
of the Podosiemaceee, 117. 

071 fe7'tilisation in Phu'ophycece, 

448. 

(R. C.) on the methods for the deter- 

mination of hydrolytic dissociation of 
salt-solutions, 210. 

Fault, relative 7novement of strata at the 
Ridgeavay, II. Daricin on the, 52. 

Fauna of Franz Josef Land, W. S. Bruce 
on, G87. 

Faunas, local, a method of recording, 
E. J. Blcs on, 683. 

Fayum depression, and its new paheogene 
fauna, H. J. L. Bcadiiell on, 659 

Feeblene.ss of mind, paup(‘ri.sm, and 
crime, Miss Mary Dendy on, 758. 

Fcllahin of W. Palestine, some customs 
of the, R, A. S. IVTacalister on, 802. 

Ferns, two Mala>’an ‘ myrmccophilous,’ 
R. H. Yapp on, 851. 

♦Fishes, tlie distribution of, in the Car- 
boniferous rocks and Old Bed Sand- 
stone in Scotland, Dr. R. H. Tracpuiir 
on, 640. 

of the Coats Arctic Expedition, 

W. *S. Bruce on, 687. 

FitzGerald {the late Prof G. F.) on 
radiation from a source of liyht in a 
fnagnetie field, 39. 

Fitzpatrick (Rev. T. (’) on pi'actical 
eleetncal standards, 31. 

Fjords of Norway, the ]>hysical history 
of the, Prof. E. Hull on, GtiO. 

Flame coloration and spectrum of nickel 
compound.s, P. J. Hartog on the, 613. 

Fleming (Dr. J. A.) on practical elec- 
trical standards, 31. 

♦Flesh-eating plants, Prof. J. R(*vnolds 
Green on, 811. 

Flbtchkr (L ) on the structure of crys- 
tals, 297. 

♦Flbtt (John S.) on crystals dredged 
from the Clyde near Helensburgh, 
with analyses by Dr. W. Pollard, 635. 

and Prof. J. Geikie on the granite 

of Tulloch Burn, Ayrshire, 634. 

Flints, naturally chipped, for comparison 
with certain forms of alleged artificial 
chipping, G. Coffey on, 795. 

Floyer (E. A.) on terrestrial surface 
waves, 398. 

Flux (Prof. A. W.) on the effect of legis- 
lation regulating fvonie7i's labour, 399. 

♦Food and land tenure, E. Atkinson on, 
748. 

Foord (A. H.) on life-zones in the British 
Carboniferous rocks, 288. 

♦Foraminifera, dimorphism in, J. J. 
Lister on, 688. 



INDEX. 879 


♦Forbes (G.) on the position of a planet 
beyond Neptune, 643. 

* — on a portable foldinj^ range-finder, 
for use with infantry, 774. 

Ford (Sybille O.) on the anatomy of 
Ceratopterh thalictroides^ 845. 

and A. C. Seward on the anatomy 

of Todea^ with an account of the 
grological history of the Osniundacejc, 
847. 

Forest Trees in Scotland, the ilistribution j 
of certain, as shown by tlie investiga- ; 
tion of Post-Glacial deposits, W. N. 
Niven on, 830. 

Forth Valley, tho Scottish Natur.'il His- 
tory Society’s schoine for the investi- 
gation of the, Marion Newbigin on, 
710. 

♦Fo.ssil plants from Berwickshire, U. i 
Kidston on, ()13. I 

_ — and Colcoptera from a deposit 
of rieistoccno age at Wolvcrcote, A. M. 
Bell on, G 16. 

remains, the investigation of, by 

serial sections. Prof. W. J. Sollas on, 
643. 

♦Fossils in the Ba Plata Museum, Photo- 
graphs of, exhibited by Dr. F. P. 
Aloreno, CtlG. 

Foster (A. Lc Neve) oti the Ji.A. sernv 
gayrfCj 107. 

(Dr. C. Le Novo) o)i w\der(jro\nul 

temperature, GI. 

(Prof. G. C.) a/t jiractirul electrical 

standards, 31, 

Fourier problem of the steady tempera- 
tures in a thill rod, J. W. Peck on the, 
665. 

Fourier’s scries, the applications of, to 
mathematical ifiiysics, II. S. t’arslaw 
on, 657. 

♦Fowler (L. J. S.), D. Noel PATON,and 
L. GuLiiAND on the question whether 
the spleen has a haunopoietic function, 
818. 

Fox (H.) on life-zones i?i the British 
Carboniferous rocks, 288. 

Frankland (Prof. Percy F.), Address to 
the Section of Chemistry by, 584. 

♦Frog’s tongue, the mechanism of the, 
Prof. M. Hartog and N. Maskelyne on, 
G88. 

♦ , a model showing the mechan- 

ism of the, Prof. M. Hartog on, 818. 


♦Galbbon (A.) on the representation of 
tho heavens in tho study of cosmo- 
graphy, 727. 

GAiiLOWAY (W.) on UTiderground tempera- 
ture, 64. 

Galton (Francis) on the work of the 
Corre^anding Societies Committee, 466. 


♦Galton’s whistle, observations with, C. S. 
Myers on, 818. 

Gametophyte in the Ophioglossalcs and 
Lycopodiales, W. H. Lang on, 841. 
Ganong (Dr. W. F.) on an ethnological 
survey of Canada, 409. 

Gardiner (J. Stanley) on the coral 
islands of the Maldives, G83 
♦Garrard (C. R.) on recent develoiiments 
. of chain driving, 774. 

Garson (Dr. J . G.) on the age of stone 
circles, 127, 438. 

on the work of the Corresponding 

Sfcicties Committee, 406. 

Garstang (W.'l on the plankton and 
pJn/sical conditions of the English 
Channel during 1899-1900, liriS. 

on investigations made at the Marine 

Biological Laboratory at Plymouth, 
37G. 

Garwood (E. J.) on hfe-znnes in the 
British Carhonifero^is roclts, 288. 

on the collection of photographs of 

geological interest in the United King- 
dom, 339. 

Gauge for small screws, the British 
Association, Report on, 407. 

for small j»ressurcs, a new. Prof. 

K. W. ]Morley aiul C. F. Brush on, 644. 
Geikie (Sir Arch.) on underground tem- 
perature, Gl. 

♦ cm time intervals in the volcanic 

hi'^tory of the Inner Hebrides, 63G. 

(Prof. J.) an the collection of 

of geological interest in 
the bmted Kingdom, 39. 

and J. S. Flett on the granite of 

Tulloch Burn, Ayrshire, 634. 

Oemmill (Dr. J. F.) on Echinonema 
grayi, a large ncmatoSe'’ f rom the 
perivisceral cavity of the sea-urchin, 
G91. 

— on the origin of the cartilage of the 
stapes and on its continuity with the 
hyoid arch, 788. 

Geographical conditions affecting British 
trade, 716. 

environment, the influence of, on 

jKilitical evolution, Alleyne Ireland on, 
716. 

Geography, Address by Dr. H. R. Mill to 
the Section of, 098. 

Geological jdiotographs of interest in the 
United Kingdom, Report on, 339. 
Geology, Address by John Home to the 
Section of, G16. 

Germinal selection, the theory of, in 
relation to the facts of inheritance, 
Prof. J. A. Thomson on, 685. 

Gibbs (Prof. Wolcott) on wave*lengtK 
tables of the spectra of the elements and 
compounds, 79. 

Gibson (Prof. Harvey) on fertilisation in 
Phfpophyceee, 448. 
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♦Gibson (Dr. J.) on the electrolytic con- | Gobst (Sir J. E.), Address to the Sec- 
ductivity of halogen acid solutions, 618. tion of Educational Science by, 858. 
Gifpbn (Sir Robert), Address to the Qotch (Prof. F.) on hone marrore^ 447. 

Section of Economic Science and Sta- Government planting in the Isle of Man, 
tistics by, 728. G. P. Hughes on, 857. 

Gilson (Prof. G.) on a new sounding and Graham Kerb (J.) on the coral retfs of 
ground-collecting apparatus, 696. the Indian region, 363. 

Ginsburg (Benedict W.) on shipping on the origin of the paired limbs 

subsidies, 743. of the Vertebrata, 693. 

Glacial periods, the mean temperature of Granite of Tulloch Burn, Ayrshire, Prof, 
the atmosphere and the causes of, J. Geikie and J. S. Flett on, 634. 

II. N. Dickson on, 722. Onavel-flats of Surrey and Berkshire, the 

Glacier-dammed lakes in the Cheviots, origin of the, H. W. Monckton on, 662. 

P. F. Kendall and H. B. Muff on, 646. CJravitation, an experiment proposed for 
Gladstone (G.) on the teaching of | a sudden variation in, Dr. 

science in elcmenfarg schools, 458. V ('n' ii.n .i on, 661. 

and Dr. J. H. Gladstone on hydra- ; Gravitational matter, the clustering of, 

tion of tin, including the action of j in any part of the universe, Loid 
light, 603. I Kelvin on, 563. 

(Dr. J. H ) on the teaching of science *Gray (Prof. A.) on the relation between 

in elementary schools, 458. temperature and internal viscosities 

and G. Gladstone on hydration of of solids, 529. 

tin, i:, ’.1*’ ‘ ‘on of light, 603. on the influence of a magnetic field 

£ ■ ; 'A ■ . on transitional j on the viscosity of magnctisable 

forms between colloids and crystalloids, j lupiids, 582 

604. i *- - on the influence of a magnetic field 

Glaisher (J.) on undergrovnd tempera- j on the vlsco^lty of magnctisable 

ture, 64. [ solids, 582. 

—I - (Dr. J. W. L.) on tahles of cei'tain | * , J. S. Dunloi*, and A. Wood on 

mathematical functions, bi. I elastic fatigue as shown by metals 

Glasgow wages in the nineteenth century j and woods, ,529. 

A. L. Bowley on, 751. | *— and Dr. W. Stewart on a new 

♦Glass used for scientific purposes. Dr. j electromagnet and an echelon spectro- 
R. T. Glazebrook on, 668. scope for magueto-optic observations, 

Glazebrook (Dr. It. T.) on practical \ 569. 

electrical standards, 31. ' (H. St. George ) on the excavations 

on the B.A, screw gange, 407. of the stone circle at Arbor Low, 427. 

* on the buildings of the National (J.) and J. F. Tocuier on the fre- 

Physical Laboratory, 530. ' quency and pigmentation value of 

♦— on glass used for scientific pur- surnames of school children in East 
poses, 568. Aberdeeushiie, 7Jfi). 

* on some results obtained with the (W.) on the roUeefion of 

self-recording instruments for the of geological interest in ‘\e ! • ’nt 
Antarctic expedition, 679. Kingdom, 339. 

♦Glennie (J. S. Stuart) on magic, reli- Green (Arthur G.) on the relative pvo- 
gion and science, 807. gi'css of the coal-tar industry in Eng- 
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Arber on, 847. jifteen years, 252. 
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the volcanic history of, Sir A. Geikie 
on, 686. 

Hedges (Killmgworth) on the protec- 
tion of buildings from lightning, 770. 
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on cacao and on the sugar-cane, 857. I 

Howes (Prof. G. B ) on the occupation I 
of a table at the Zoological Station at ^ 
Naples, 354. j 

Hoyle (W. E.) on the compilation of 
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ancirnt gl.iciri-d.mnnod lakes in the 
ClicN ioi i'» HI. 

kendrteUuL Walheri, ahnorinal ^^conda^y 
thickoning in, Mmh A, M. Clark on, 
842. 
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Light niru.^. the protection of buildings 
from, K. Hedges on, 770. 

Limbs of vertebrates, the origin of the 
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electrical conductivity of iron and 
nickel, Guy Harlow on, .681. 

of electrolytic nickel, J. W. Peck 

and H. A. lloustoun on. 5S2. 
MA(}NUS(8irP.) w/ the teaching of science 
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specimen^ of Neplnops, 692. 

- exhibit c( I microscopic preparation^ 
of mammalian liairs, 692 
Maskih.yxe (Prof. N. Story) on the 
struct ore of crystals, 297. 

♦ — . (Nevil ) and l^rof. M. llARTOG on 
the meclianism of the frog’s tongue, 088. 
Mathematical functions, Jteport on tables 
of certain, 5 4 

■■ and Pliysical Science, Address by 
Maior P. A. MacMalion to the Section 
of, .619. 

f Mathematics, l>i‘-cu^^ion on the teaching 
of, 869. 

♦flatter, the genesis of. Prof. A. Michael 
t»n. (»07. 

- - , gravitational, the clustering of, in 
any ])aTt of the universe. Lord Kelvin 
. on, 563. 

. *MATTHAin (Miss) and Dr. F. F. Black- 
man on natural surgery^ in leaves, 851. 

, ♦ on the relation between CO.j 

production and vitality, 851. 

. Mat rii ey (G .) onpraeti< al electrical stan- 
dards, 31. 

. Mayor (Prof. J.) on. an ethnological 
surrey of Canada, 109. 

♦Mcchank*.al exhibits in the Glasgow 
Exhibition, I). H. 51orton on the, 7t58. 
AIeldola (Prof. R.) on scisinological 
, incest iyation, 40. 

on ill*' age of stone circles, 427. 

on. the work of the Corresponding 

Sicicfies Committee, 465. 

Mennelt. (F. P.) on the copper- bearing 
rocks of S. Australia. 665. 

Mercury vapour, the ilischarge of elec- 
tricity through, Prof. A. Schuster on, 
, 531 
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Metals at high temperatures, the action 
of ammonia on, Dr. G. G. Henderson 
and G. T. Beil by on, 605. 

, the minute structure of, G. T. 

Beilby on, G04. 

Meteorological observations 07i Ben Nevis^ 
Report on, 64. 

* phenomena in relation to changes 

in the vertical, J. Milne on, 57S. 

*Miall (Prof. L. C.) on the experimental 
method of teaching, 866. 

^Michael (Prof . A.^on the three stereo- 
meric cinnamic acids, 607, 

* on the genesis of matter, 607. 

* on the process of substitution, 607. 

Michelson-Morley elTect, W. M. Hicks on 

the, 5(;2. 

Micro-chemistry of cells, Report on the, 
445. 

Microscope and telescope, resolving power 
in the, Prof. J. D. Everett on, .569. 

* Microtome, a new orienting apparatus 

for the Cambridge, J. Rankin on, 697. 

Mieks (Prof. H. A.) on isomorjfhons dc- 
rix^atix'cs of benzene, 78. 

on the strnrture of crystals, 297. 

Migration of birds, Fourth interim report 
of the Committee for making a digest of 
the obsei'vatioHs on the, il64. 

Mill (Dr. H. U.) on ehangcs of the land 
level of the Phlegrfcan Fields, 682. 

on the climatology of Africa, 686. 

, Address to the Section of Geography 

by, 69S. 

*■ with the ‘ Discovery ’ to Madeira, 

725. 

Milne (Prof. J.) on sdsmological investi- 
gation, 40. 

* on meteojological phenomena in 

relation to changes in the vertical, 578. 

Minchin (Prof. G. M.) on photo-electric 
cells, 631. 

Minerals known to occur in Scotland, a 
revised list of, J. G. Goodchild on, 618. 

Mittag-Lefflek (Prof. G.) on a crite- 
rion for the recognition of the irre- 
gular points of analytic functions, 519. 

MoLLOr (Dr. Gerald) on radiation from 
a source of light in a magnetic field, 69. 

Monckton (Horace W.) on the origin of 
the gravel- flats of Surrey and Berk- 
shire, 662. 

Moore (Harold E.) on recent results of 
farm labour colonies, 757. 

♦Moreno (Dr. F. P.) exhibited photo- 
graphs of fossils in the La Plata Mu- 
seum, 696. 

on Argentine anthropo-geograpliy, 

720. 

Morley (Prof. E. W.) and C. F. Brush 
on a new gauge for small pressures, 
544. 

on the transmission of heat 

through waier vapour, 546. 


Morrison (Walter) on the movements o 
underground waters of N. W. Yorkshire 
337. 

♦Morton (D. H.) on the meclianical 
exhibitsin the Glasgow Exhibition, 768. 

♦Motor cortex of the monkey, an experi- 
ment on the, Prof. C. S. Sherrington on, 
816. 

♦Mount Ophir, the vegetation of, A. G, 
Tansley on, 851 . 

Mi ff (H. B.) and P. F. Kendall on 
evidences of ancient glacier-dammed 
hikes in the ('heviots, 616. 

MuilUlEAD(l)r.A.) on practical electrical 
standards, 61. 

.Munro (Dr. K.) onthe age of stone cb’cles, 

127. 

~ - on the excavation of an ancient 

Kitchen Midden near Elie, Fife, 790. 

^Murray (Sir Jolm) on meteorological ob- 
servations on Ren Yens, 54. 

i\Iuiray Islander, some emotions in the, 
C. S. Myers on, 801 . 

LMuscle, the rhythmic i)honomena of, the 
use of the tel(‘phon(‘ for investigating, 
Sir J. Burdon Sandei^on on, 816. 

Mus{‘ums, })re.serving and pieparing 
plants for, H. F. 4'a.rg on, 811. 

Myers (Charles S.) on the bones ol Hen 
Xeklit, 797. 

on some emotions in tlu" Murray 

Islander, 801. 

* on observations with (lalton’s 

whistle, 818. 

MYUF.S (,r. L.) on the Silehestrr exea va- 
il on, 425. 

- — on excavations in Crete, 1 ID. 

XA(;el (I). II.) on the bibliography of 
spectroscopy, J 55. 

Xa phthalene de rirati res, Fourteenth report 
on the invesfigat ion of isomeric, 152. 

Naples Zoological Slat ion, Iteporl on the 
oeciipathm of a table at the, 654. 

Natality, the decline of, in Great Britain, 
Edwin Carman on, 749. 

— the significance of the, Cliarlc.s 

S. I)eva.s on, 750. 

♦National Physical Laboratory, the 
buildings of the. Dr. K. T. Glazebrook 
on, 560. 

Natural History and Ethnography of the 
Malay Femnsula, Report on the, 411. 

{Kchinonema grayi) from the 
perivisceral cavity of the sea-urchin, 
J, F. Gemmill on, 691. 

♦Nephrops, abnormal specimens of, F. H. 
Marshall on, 692. 

Neville (F, 11.) on the nature of alloys, 
75. 

i Newbioin (Marion) on the Scottish 
Natural History Society’s scheme for 
the investigation of the Forth Valley, 
719, 
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Newton (Prof. A.) on tJte present state of 
onr lioowledge of the zoology of the 
Sandwich Islands^ 352. 

on making a digest of the ohserva- 

tions on the migration of birds, 364. 

— - — (E. T.) on the excavation of cares at 
Uphill^ 352. 

Nickel compounds, the flame coloration 
and spectrum of, P. J. IIarto^( on, 613. 

■ “ • . of, J.W. 

Pec , 582. 

Nivex (W. N.) on the distribution of 
certain forest trees in Scotland, as 
shown by the investigation of Post- 
Glacial deposits, 839. 

Norwegian Fjords, the physical history 
of the. Prof. E. Hull on, 660. 

Niimber.s, idoneal, Lt. -Col. A. Cunningham 
and Rev. J. Cullen on, 552. 


Occipital condyle, the third, Prof. A. 
Macalistcr on, 789. 

Oceanic salt deposits, the formation of, 
the applicattou of the eguilibriuni late 
to. Dr. E. b\ uKrmstrong on, 262. 

Ogham writing in Ireland, tlic age of. 
It. A. S. Macali.ster on, 792. 

Old Ptcd Sandstone of X. W. Ireland, the 
relations of tlu', to the adjacent meta- 
morphic rocks, J. It. Kilrue and A. 
McHenry on, 636. 

(II. Vule) on the exporir.iental 
demonstration of the curvature of the 
earth’s surface, 725. 

(It. l).)c» seismological investigation, 

to. 

Oi.iVKH (Prof. F. W.) on certain points 
in the structure of the seed.s of 
jKthiotesta and Stephanospermtm, 851. 

Ontario, northern, tlie geography and 
resources of, Robert Hell on, 723. 

<>olito, Inhnior, phosphatic layer in Skye 
at the birse of I lie, H. 15. Woodward on 
a, 635. 

OphiogUmnm C(»lhTted by Mr. Ridley in 
Sumatra, Prof. F. O. Rower on, 812. 

Optical action of a Rrusli grating, Dr. 
.1. Kerr on, 568. 

Ordovician and Silurian rocks of N.W. 
li eland, the relations of the, to the 
great met amorphic .series, A. Mc- 
Henry and J. R. Kilroe on, 636. 

*()suoilNE (Dr. W. A.) on the physical 
properties of caseinogen salts in solu- 
tion, 817. 

Osmiindacea^, the geological liistory of 
the, A. C. Seward and Sybille O. Ford 
on, 847. 

Ovule, the morphology of the, W. C. 
Woradoll on, 834. 

♦Oxalates, the action of, upon the relation- 
ship of calcium salts to muscle, W. 
Rrodie Brodie on, 818. 


Palaeolithic implement with alleged 
thong-marks, Miss N. Layard on, 798. 
Palestine, some results of recent excava- 
tions in, R. A. S. Macalister on, 794. 
♦Panama Canal, P. R. Varilla on the, 769. 
♦Parasitic Biplodia on cacao and on the 
sugar cane, A. Howard on, 857. 
♦Partition of series, each term of which 
is a quantic, Major P. A. Mac^lahon on 
the, 651. 

Patagonian Indians, the Tehuelche, 
Ile&keth Prichard on, 802. 

Paterson (John) on Stellaria holostea 
and allied specie's, 8.53 
♦Paton (I). Noel), L. Gull and, and 
L. J. S. Fowler on Hie question 
wlicther the spleen has a hiemopoietic 
function, 818. 

♦Patterson (Dr. T. S ) on the influence 
of solvent s on the rotation of optically 
active compounds, 614. 

Pauperism, crime, and feebleness of 
I mind. Miss Mary Dendy on, 758. 

' Peach (R. N.) on life-zones in the British 
Carooniferous roihs, 288. 

on the Cambrian fossils of the N.W. 

Highlands, 642. 

Pebble-band of the Elgin Trias, W. 
Mack:e on the, 650. 

I Pi:cK (J. W.) on the Fourier problem of 
the steady temperatures in a tliin rod, 
555. 

and R. A. IIou.STOUN on magnetisa- 
tion of electrolytic nickel, 582. 

Peek (the late >Sir Cuthbert E.) on the 
work of the Corresponding Societies 
Committee, 465. 

Pelvis of the porpoise as a guide to the 
determination of a sacral region in 
Cetacea, 1). Hepburn and D. Waterston 
on the, 680. 

♦Pendiiluni. the. simple, w’ithout ai> 
proxiniation, Prof. Grcenhill on, 551. 
Pexiiallow (Prof. 1). P.) on an ethno- 
logical surrey of Canada, 409. 

* Peptone, Interim report on the effect of, 
when Introduced into the circulation, 
818. 

Perci VAL tRt. Rev. John) the i njluence 
of the Universities in school edwation, 
448. 

Perim Island and its geological relation 
to the area of the Red Sea, Catherine 
A. Raisin on, 640.* 

♦Ferkin (Prof. W. 11.) on the synthetical 
formation of bridged-rings, 607. 

Perry (Prof. J.) on practical electrical 
standards, 31. 

on seismological investigation, 40. 

f on the teaching of mathematics, 

869. 

Petavel (J. E.) on a recording mano- 
meter for high - pressure explosions, 
768. 
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♦Petroleum lamps for buoys and beacons, 
J. B. Wigham on. 7f>8. 

Pha^ophytWy fertilisation t/i, Ifejwrt 
on, 448. 

Phillips (Prof. B. W.) on fertilisation 
in Phceophijcerr, 448 

Pklegnmn Fields, Jteporf on changes of 
the land level of the, 382. 

f Phonetics, appanitua oinployc'd in re- 
searches on, Piof. J. U. ^icKendrick 
on, 817. 

Phosphatic layer at the base of the 
Inferior Oolite in Skye, II. B. Wood- 
ward on a, (135. 

nodules in the Upper Carboniferous 

Limestone of W Yoikshire and Weit- 
moreland, John Rhodes on, (155. 

Photoelectric cells, Trof. G. M. Mincliin 
on, 531. 

Photographs of geolotpeal interest in the 
United Kingdom, Tivelfth report on, 333. 

* of anthropologienl interest, Interim 

report on, 783. 

, cele.stial, the es-('ntialsof a machine 

for the accurate measurement of, A. ll. 
llinks on, 541 . 

of a moving ohiect, the possibility 

of systematic error in, A. K. Hinks on, 
640. 

Physical and ^lathcuMtical Science, Ad- 
dress by !Maior P. A. .MacMalion to the 
Section of, 513 

Physiology, Address hv Prof. J. G. 
McKendnek to the Section of, 808. 

Pikermi, Attion, the t)one-b(‘ds of, and in 
N. Euboua, W. Smith Woodward on, 
65G. 

Pinus, the histologv of the sieve tubes 
of, A. W. Hill on, s:?5 

♦Planet beyond Ncjitune, G. Forbc-s on a, 
643. 

Plant-evolution, a idiapter of, Jurassic 
floras, A. (h Sew aid on, 85(1. 

Plants for museums, pic'^eiving and pre- 
paring, H. F Tagg on, 811. 

Pleistocene plants and Colcopteia at 
Wolvercote, A. M Bull on, G45. 

Plummer (W. E. scismoJogical investi- 
gation, 40. 

Plymouth, Ueport on the occupation of a 
table at the Marine Jhological Labora- 
tory, 376. 

Podostemacece, Iteport on the morphology , 
ecology, and taronomij of the, 447. 

Poincare’s pear-.shaned figure of equili- 
brium of rotating tluid, G. JI. Darwin 
on, 660. 

Polarisation and inierferenee of electric 
waves. Prof. JJr. (i Qnineke on, 39. 

Political evolution, the influence of 
geographical env ironmont on, Alleyme 
Ireland on, 716. 

Polypterus, the anaroray of the larval, 
J. 8. Budgett on, 61)3 


Poor Law and the economic order, T. 
Mackay on, 755. 

Potential of a surface distribution, 
T. J. PA. Bromwich on, 556. 

* differences of allotiopic silver, 

J. A. Craw on the, 643. 

Potentiometer, a new form of, Prof. F. G. 
Baily on, 682. 

♦PoTONi^ (Prof. H.) Die Silur- und 
Culm-Flora des Harzes von, 851. 

PoYNTiNG (Prof. J. H.) on seismological 
investigation, 401. 

Praeger (R. Lloyd) on the exploration 
of caves in Ireland, 282. 

PREECE (SirW. H.) on practical electrical 
standards, i\\ . 

on the B A. sereiv gauge, 407. 

I Premaxilla in bears, the relationships of 
the, Prof. K. J. Anderson on, 681. 

Presidential Address at Glasgow by 
Principal A. W. Barker, 3 

Pressure, the unit of, Br. C. E. Guillaume 
on, 71. 

Price (L. L.) on the effect of legislation 
regulating women's labour, 333. 

on economics and commercial edu- 
cation, 761. 

(W. A.) on the B.A. screw gamge, 

407. 

Prichard (ITcskoth) on explorations of 
Andean lakes, 721. 

on the Tclmelchc Indians of Pata- 
gonia, 802. 

Primary rocks, Irish, andtluur associated 
granitic and motamorphic rocks, G. 11. 
Kinahan on, 637. 

Primes, the determination of successive 
high, Licut.-Col. A Cunningham and 
II. J. Woodall on, 553. 

♦Proteids, whethoi .s(jliition3 of native, 
can exert osmotic pressure. Prof. E. 
Waymouth Reid on the ([uestion, 818. 

Pucci nia dispersa on Broines, Prof. 
Marshall Ward on, 836. 

Puiseux diagram anrl differential Cfiua- 
tions, R. W. II. T. Hudson on the, 


Queensland, artesian w^ater in, J. Logan 
Jack on, 641. 

Quincke (Prof. Dr. G.) on the interfer- 
ence and polarisation of electria wares, 
39. 

on the clearing of turbid solutions, 

and the morement of small suspended 
part'ieles by the influence of light, 60. 

Badiation from a source of light in a 
magnet io field, Beport on, 39. 

of heat and light from a heated 

solid body, Dr. J. 'J'. Bottomley on, 
662. 

♦ the law of, Dr. J. J^armor on, 562. 
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* Radium, Prof. W. Marckwald on, 601. 
Railway rolling stock, present and 

future, Norman 1). Macdonald on, 769. 
Rainfall, the inverse relation of clilorine i 
to, W. Ackroyd on, 603. 

Raisin (Catherine A.) on I'erim Island 
and its relation to the area of the Red 
Sea, 640. 

Ramsay (Prof. W.) and Cl. Sentek on 
hydrostatic pressure, 529. 

Randles (VV. B.) on the anatomy and 
hutoloyy rj^Trochiis, 377. 

* Range-iinder, a ijoriablo folding, G. 

Forbes on, 774 

* RxVNKIN (James) on a new orienting 
apparatus for the Cambridge micro- 
tome, 697. 

Rates, local, tho real incidences of, 
Cameron Corbett on, 757. 

Ravbnstein (E. U.) on dxmaioloyy 
of Africa, 383. | 

— ^ on a scheme for the surrey of British ; 
Brotectoraies, 396. 

on Martin Bcbaim o'* Nurnberg, 

1459.1607, 714. ' 

Rayleigh (Lord) on practical elcofrieal ' 
standard St 31. I 

Read (C. II.) on the Xatural Jfhtory \ 
and JCthnoyrajdiy of the Malay Penin^ I 
suhi.iU. 

071 the age of stone eirelos, 427. 

on the 7rork of the ('orresponding 

Societies (\)nimiUee, 46,5. 

* Reclus-Guyon (M.) on M. Klisee 

Reclus’ map on natural curvature. 731, 
Reid (A. S.) on the eolloction of photo- 
graphs of geological intei'est in the 
United Klngdonit 339. 

(Clement) on seisuiolonical investiga- 
tion, 40. 

* (Prof. E. Wayiiiouth) on the 

question whether solutions of native. | 
proteids can exert osinot ic pressure, 818. ■ 
on an ionic ellect in tho small ! 

intestine, 818. j 

Rennie (J.) on gmictical clccirical 
standards, \\\. 

Resolving power in tho iniero.scopc and j 
telescope, Prof. J. 11. E\erett on, 569. ; 
Reynolds (8. 11.) on the Cvvcaration of 
cares at Uphill, 362. 

Rhodes (John) on tho occurrence of 
phosphatic nodules and phosphate- 
bearing rock in tho Upper Carboni- 
ferous Limestone, W. Yorkshire and 
Westmoreland, 655. 

on the discovery of a silicified 

plant stem beneath the Millstone Grit 
of Swarth Fell, 656. 

Richardson (Nelson) on sei sinological 
investigation, 40. 

Ridgeway (Prof. W.) on the KaUral 
History and Ethnography of the Malay 
Perm;sula,^\l, 


Ridgeway (Prof. W.) on explorations in 
Crete, 410. 

* Rideal (Dr. G.) on Immiis and tho 
irreducible rcsiflue in tho bacterial 
treatment of sewage, 603. 

* on siilpliuri(j iicid as a typhoid 

disinfectant, 603. 

Rt(J(} (E.) on the B .1. screw gauge, 407. 

Rivers (Dr. W. II. U.) on ihe functions 
of the maternal uncle in Torres Straits, 
800. 

on the func.tions of the son-in-law 

and brother-m l.iw in Torres btraits, 
800. 

* on the iiicasuroment of visual 

illusion, 818. 

Boad vehicles, Beporl nn the resistance 
of to traction, 402. 

RoiJERTS-ArsTEN (SirW.O.) on jfractical 
elect ri cal strnidards, 31. 

on the hibliogiaphg of spectroscopg, 

155. 

Rojjinson (II. C.) and N. Annandale, 
Anthropol'-gical notes on Sai Kau, a 
Siamo- Malayan village, 804. 

Roman remains at Ardoch, Perthshire, 
J. IF. Cunningham on, 790. 

- (5amp at Inclituthill, Perthshire, Dr. 
T. Ross ou, 791. 

Roots and slioots, correlation in the 
growth of, Ih'of. li Kny on, 836. 

Koscoe (Sir IF. E ) on wave-length tables 
of the speeti'a of Ih- elenr^nts and coni- 
jionnds, 79. 

- — on the teaching of science in ele- 
mentary schools, 45 S. 

on tho organisation of secondary 

education, 863. 

Ross (Major ilDiiald) ou the story of 
malaria, 695. 

(Dr. T.) on excavations at tlie 

Roman camp at l»u*lituthill, Perth- 
shire, 791. 

Rosse (Earl of) on a loaf-arrestor, or 
apparatus for removing leaves, Ae., 
from a water siqiply, 769 

Rotating tluid, Poincares pear-shaped 
tiguro of equilibrium of, (1. 11. Darwin 
on, 550. 

Rotch (A. Lawrence) on the systematic 
exploration of tho atmosphere at sea 
by means of kit es, 72 F. 

Rucker (Principal. Presidential Ad- 
dress at Ulasgoio hy, 3. 

on deter mi niny magnetic force at 

sea, 29. 

on practical elect rival standards, 31. 

Rudler (F. W.) on the work of the 
Corresponding ^Societies Committee, 
465. 

♦Sai Kau, a Siamo-^Malayan village, An- 
thropological notes on, by N. Annan- 
dale and H. C. Robinson, 804. 
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SAKUBAI (Prof. Joji) on some points in 
chemical education, 612. 

Salomons (Sir D.) on the resistance of 
road vehicles to traction, 402. 

Salt, the circulation of, and its geological 
bearings, W. Ackroyd on, 651. 

Salt solutiom, the methods for the deter- 
mination of hydrolytic dissociation of. 
Dr. R. C. Farmer on, 240. 

♦Sanderson (Sir J. Burdon) on the use 
of the telephone for investigating the 
rhythmic phenomena in muscle, 816. 

Sandwich Isla?ids, the zooloyy of the. 
Eleventh rejwrt on, 352. 

Sarawak swords, a provisional classifica- 
tion of, R. Shelford on, 804. 

Schafer (Prof. E. A.) on the micro- 
chemistry of cells, 445. 

on hone ma^'i'ow, 447. 

SCHARFF (Dr. R. F.) on the ejcploraiion 
qf caves in Ireland, 282. 

Schists, crystalline, of tlie southern 
Highlands, P. Macnair on, ()B3. 

School edveatian, the influence of the 
Universities on, Rt. Rev. J. Pcrcival 
on, 448. 

Schuster (Prof. A..) on determining mag* 
netic force at sea, 20. 

on practical electrical standards, 31. 

on radiation from a source of light 

in a magnetic feM, 30. 

071 leave -length tables of the spectra 

of the elements and eo/njmiaids, 70. 

on the discharge of electricity 

through mercury vapour, 531. 

Science, the teaching of, 'ul elementary 
schools, Report on, 458. 

SCLATER (Dr. P. L.) on the present .state 
of our knowledge of the zoology of the 
^ndivich Islayids, 352. 

on the compilation of an index 

geiierum et specie rum a n imalluni, 

Scott (Dr. D. H.) on a primitive tyx)i- of 
structure in Calamites, 810. 

Scott Elliot (G. F.) on the elfects of 
vegetation in the valley and plains of 
the Clyde, 718. 

on the strength and resistanr»* to 

pressure of certain seeds and fiials, 
852. 

Screw gauge, the British Association, 
Report on, 407. 

Secular inequalities, the equation of, 
T. J. I’A. Bromwich on, 553. 

Sedgwick (A.) on the occupation of a 
table at the Zoological Statioi at 
Naples, .354. 

— on the coral reefs of the Indian 
region, 363. 

on mvestigatio7i8 made at the Marine 

Biological Lahoratoryat Plymouth, 37 6. 

Seeds of Mthiotesta and Stephanosper- 
mum, points in the structure of, Prof. 
F. W. Oliver on, 851. 


Seeds and fruits, iho strength and resist- 
ance to pressure of certain, G. F. 
Scott Elliot on, 852. 

Seismograph as a sensitive barometer, 
F. Napier Denison on the, 577, 

Seismological in7'estfgatio7i, fiixth report 
on, 40. 

Semicarbazides, the existence of certain, 
in more than one modification, Dr, G. 
Young on, 600. 

Sennett (A. R.) on the. resistance of 
road vehicles to traction, 402. 

Senter (G.) and Prof. W. Ramsay on 
hydrostatic pressure, 520. 

and M. W. Travers on a compari- 
son of the constant \olume and con- 
stant pressure scales for hydrogen 
between O' and — 10(P V., 516. 

Sewage, changes occuiring in, treated in 
bacteria beds. Prof. Letts and R. F. 
Blake on, 601. 

* , luimus and irreducible residue in 

the bacterial treat iiieiit of, Dr. S. 
lUdeal on, 603. 

Seward (A. C.) on a chapter of plant- 
evolution : Jurassic floras, 856. 

on the structure and origin of jet, 

856. 

and Sybille O. Ford on the ana- 
tomy of Todea, with an account of the 
geological histoiy of the Osmundaceui, 
847. 

Sexual cells, the heterotypical division 
in tlie maturation phases of the, Dr. 
T. II. Bryce on, G8.>. 

reproduction in relation to s’aria- 

tion, J. Y. Simpson on, 688 

Sharp (D.) on. the zoology of the Satxd- 
wich Islands, 352. 

Shaw (W. N.) 07b jn'ochcal drcfriral 
sta7idards, 31. 

on the elfect of sea temperature 

upon the seasonal vjiriation of air 
temperature of the British Isles, 560. 

on weather maps, 725. 

and R. Waley Cohen on the 

seasonal variation of the atmospheric 
temijcraturc of the British isles and 
its relation to wind-direction, 558. 

Shelford (R.) on some Bornean insects, 
689. 

on a provivsional classification of 

the swords of the Sarawak tribes, 
804. 

*Sherrington (Prof. C. S.) on an ex- 
periment on the motor cortex of the 
monkey, 816. 

Shipping subsidies, Benedict W. G ins- 
burg on, 743, 

Sieve tubes of Pbius, the histology of 
the, A. W. Hill on, 835. 

Silohester excavatio7i. Report o7h the, 426. 

♦Silurian and Carboniferous flora of the 
Hartz, Prof. H. Potoni6 on, 861. 
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Silurian and Ordovician rocks of N.W. 
Ireland, the relations of the, to the 
great metamorphic series, J. K. Kilroe 
and A. McHenry on, 63(i. 

Simpson (J. Y.) on the relation of ' 
binary lission and conjugation to 
variation, 088. 1 

Singkep commutator, David r. Todd on 
the, r>41. ; 

Singular points of analytic functions, a 
criterion for the recognition of, Trof. 
Mittag-L(‘flier <iu, /3l!) 

Ski^AT (VV. W.) on ihr Xatural Hi&iory 
and Kth not} vayikij nfthr Malay l*enhi- 
411. 

on the wild tribes of the Malay 

Peninsula, SOii. 

Sheh'iun^ luunany found in the .done rlroh' ; 
of Arbor Low, J)r. J. U. (x arson on, 
488. 

of Hen Neklit, C. S. i\lyers on the, ' 

71)7. 

SKINNJ81 (S.) on a comj)arison. of silvrr 
deposited in voltanntn s coniaininy 
differ erit nolrmts. 82. 

vSkull, human, found in i»ea(. in the bed 
of the river Orwell. MissN. Lavard on, 
781). 

Skye, Tertiary igneous eruptions in, the 
so( pienco of, A. llarker on, iVM). 

Smart (Prof. W.) on the vjfeet of ley i sin - 
lion reyulating women's labour^ 8PP. 

♦ on liousing, 7/58. 

Smith (E. A.) on the jtresent state of onr 
f ' i. ‘ the zontoyy of f he Sandwich 
Islands^ .io2. 

— - (E. Shrapnell) on the reststanec xf 
road vehicles to i met ion, 102. 

((i. F. Herbert) on the structure if 

crystals, 21)7. 

(Prof. Idicliio) on undrryi'ound tem- 
perature, 01. 

(W. (5.) on nu’tliods and f)bjects of 

a botanical survey of Scotlaml, 720. 

Smithells (Prof. A.) on the moeements 
of vnderq7'ound waters of A. IT. York- 
shire, 887. 

— — on the teaching of Sclenec in JClc- 
nicntary Schools, 458. 

Sclid, hot, radiation of heat and light 
from a, Dr. J. T. Bottomley on, 
502. 

SoLLAK (Prof. AV. J.) oJi the errat ie blocks 
of the British Jsles, 288. 

— on the structure of crystals, 207. 

on the investigation of fo.ssil 

remains by serial sections, 643. , 

Solutions, the flow of, in plant stems, I 
Prof. K. J. Anderson on, 840. 

* , the freezing points of certain 

dilute, K. H. Griffiths on, 530. 

*Solvents, the irillucncc of, on the rota- 
tion of optically active compounds, Dr, 
T. S. Patterson on, 614. 


iSoMEBVAiL (Alex.) on the occurrence 
of diorite associated with granite at 
Assouan, Upper Egypt, 663. 

Son- and brother-in-law, the functions of 
the, in Torres Straits, Dr. Bivers on, 
800. 

Sounding and grounPi-collccting appaia- 
tus, JTof. G. Gilson on a, (>1)G. 

^Soundings, recording, by photography, 
J. Dillon on, 778. 

Speeife heat of water, the variation of 
the. Prof. II. L. Callendar on. 81. 

heat > of metals at low temp( rat ures, 

a method of deti ,minin<jr, 8, (K Bed- 
ford and C. F. Green on, 54 4. - 

Spectra of the cUments and compounds, 
wai'c-lcnytli iahlesof -^hc,It(i{)orlon, 79, 

- absorption, and chemical constitu- 

tion (f oryanir bod its. Report on the 
relation between, 2t)S. 

■•^Spectroscope, echelon, for magneto- 
optic obser\ation, Prof. A. Gray and 
Dr W. St(‘\vart on an. 561). 

Spt ctroseopy. the biblioyrajdiy of, Final 
rcpoit on, lo.T 

^Sphcrioal trigonometry. Prof. A. G. 
Greenhill and G. Y Boys on, 551. 

*Spleen, Has the, a luemopoietic func- 
tion ] ]5y D. Noel Patou, L. Gulland, 

and L, J, S. Fowler, SIH. 

Standard of value, the postulates of the, 
W. IVaiTand (’arhlc on, 711. 

Star ])hot()graphs, the determination of 
con.stants of. Prof. H. H. Turner on, 
518. 

Statu HR (J. \\\) on the erratic blocks 
of the British Isles, 288. 

SrKBRiN<; (Bev.’l'. K. 11 ) on the compila- 
tion of an indew yenenim ef speeieruin 
animal turn, 'MfJ. 

on the irork of the Corresponding 

Societies ('omniittee, 165. 

Stellaria holosiea and allieil species, 
J. 1’ater.son on, 888 

•'Stewart (Dr. \V.) and Prof A. Gray 
on a new electro-magnet and an 
echelon spectro^cope for magneto- 
optic ob.^servations, ,569. 

Stirling (James) on some hornblende 
porpby rites of Victoria (Australia), 
668 . 

fStonc age of man, the chronology of 
the, with special reference to his co- 
exisienco with an loe age, Dr. W. 
Allen St urge on, 71)1. 

Stone Circles, lleport on investigations of 
the age of, 127. 

imjdenunts ewca rated at Arbor Low, 

II. Balfour on, 487. 

Stoney (Dr G. J.) on the interference 
of light from independent sources, 
570. 

Stkahan (A.) on underground tempera- 
ture, 64. 
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STB AH AN (A.) oti Vfe-zones in the Jiritish 
Carboniferous rocJts, 288. 

TROH (A.) on the JO, A. screw gavQc^ 407. 

TKOUD (Prof. W.) on dcienninintj mag- 
netic force at «<*«, 29. 

•j-vSTURGE (Dr. W. Allen) on the chro- 
nology of the Stone age of man, with 
especial reference to hib co-existence 
with an Ice ago, 794. 

* Substitution, the process of, Prof. A. 1 
Michael on, 607. 

SULTE (B.) on an ethnological surrey of ; 
Canada^ 409. j 

Sun, an eclipse of the, automatic appa- , 
ratus for obser\ing, 1) P. Todd on, i 
641. ; 

Sun-spots, &c., a long period variation, i 

W. J. S. Lockyer on, 570 ! 

Sun’s surface, the drift in longitude of 
groups of faculip on the, Picv. A L ' 

Chortle on, 542 ^ 

Supply and demand, a business man on, i 
by T. S. Cree, 748. ! 

^Suprasternal l)one.s in man, Priuciiml 
Mackay on, 799 

♦Surface tension of mercury, determina- 
tion of the, by the method of ripplcb, 
J. A. Craw on the, 649. 

Surnames of school childien in E Aber- 
deenshire, the frequency and pigmen- 
tation value of, J. F. Tocher and J (.hay 
on, 791). 

Survey of Britjs'i Protect ora t,‘S, Ilcport 
on a scheme for the^ Ji9(>. 

Sutherland (Dr. J. F ) on the growth 
and geographical distribution of lunacy 
in Scotland, 742 

Swords of the Sarawak tribes, a pro- 
visional classification of the, ll Shel- 
ford on, 804. 

S'^MINGTON (Prof. J.) on the temporary 
fissures of tlie human ccrebial hciiii- 
spheres, and on thedevelofiment of the 
hippocampal ii-.-iirc and hippocampal 
formation, 798 


TahleSy Report on mathematical (*1 neir 
Canon Arithmetic us), 6h 

Tagg (H. F.) on pre.serving and pie- 
paring plants for museums, 8U. 

♦Tansley (A. G.) on the vegetation of 
Mount Ophir, 8.“l. 

Taylor (W.) on ihc R.A. screw gaut/c, 
407. 

Taxation, progressive, the theory of, 
G. Cassel on, 7 1.”>. 

Tball (J. J. H.) on the collection of 
■ of geological interest in 
■ ■ I ''\i Ki7ig(lom,'o^Si. 

♦Telephone, the use of the, for investi- 
gating the rhythmic phenomena in 
muscle. Sir J. Burden Sanderson on, 
816. 


Temperature, underground. Twenty-second 
report ou, 64. 

of the atmosphere of the British 

Isles, the effect of sea temperature on 
the seasonal variation of the, W. N. 
Shaw on, 6(i0. 

of th(‘ atmosphere of the British 

Isles, the seasonal variation of the, 
and its relation to wind-direction, 
W. N. Shaw and R. W. Cohen on the, 
55S. 

♦ and internal viscosities of solids, 

the relation between. Prof. A. Gray on, 
629. 

Temperatures in a thin rod, the Fourier 
problem of the steady, J. \V, Peck on, 
656. 

Tennant (Mrs. II. J ) on the effect of 
legtslation regulating ivomen's labour, 
399. 

'/Wrest rial surface wares, J/eporf on, 398. 
Tertiary igneous eruptions in Skye, the 
sequence of, A. flaiker on, 635. 
Thermometer, hydiogen, a comparison 
i of the constant volume and constant 
pressure, between and — li)l)^C, 

• M. W. Travers and (I Sent or on, 616. 
i Tjiomas (.1. \V.) on alternating air- 
currents in public buildings, 775. 
Thompson (Prof. S. P ) on practical elec- 
trical standards, 31. 

on radiation from a source of light 

m a magnetic f eld , 39. 

on the teaehmg of science in elemen- 
tary schools, 4r>s. 

Thomson (Trof. J. Arthur) on the he- 
hariour of young gulls artiJiciaUg 
hatched, 398. 

— on the theoiy ol germinal selection 
in relation to the facta of inheritance, 
685. 

(l*rof. ,J. J ) on jtractieal electrical 

standards, 31 

. (\V.) on the detection and estima- 

tion of arsenic m beer and articles of 
food, 613. 

Thorn YCIIOFT (J. 1.) on the resistance of 
road vehicles to traction, ‘102. 

Thrift (J*rof. W. E ) on radiation from 
a source of light in a magnetic field, 39. 
Tiddeman (H. II.) on the erratic blocks 
of the British Isles, 283. 

Tildkn (Prof. W. A.) on the investiga- 
tion of isomeric najilithalcnc deriva- 
tives, 162. 

Tin, hydration of, including the action 
of light. Dr. J. II. Gladstone and 
G. Gladstone on, 603. 

Tooher (J. F.) and J. Gray on the 
frequency and pi.;M eiitalion value of 
surnames of school chiidieii in E. Aber- 
deenshire, 799. 

Todd (David P.) on the Singkep commu- 
tator, 541. 
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Todea, the anatomy of, A. C. Seward and 
S. O. Ford on, 847. 

Torres Straits, tlie functions of the 
maternal uncle, the son-in-law. and 
the brother-in-law in. Dr. W. H. 11. 
Rivers on, 800. 

Traction^ lieport on tite resistance of road 
vehicles to, 402. j 

Trade, British, geographical conditions 1 
affecting, Gl. G. Chisholm on, 715. | 

and the marriage-rate, the cor- | 

relation of, It. II. Hooker on, 750. j 
Training of the practical man. Dr. John . 

G. Kerr on the, 8G5. i 

Tramways Act, 1870, the economic effect ■ 
of the, K. F. Ve^cy Kno.x on, 75:i. 
*TKAQrAlU (Ur. It. JI.) on the distribu- ! 
tion of iishes in the Carljonifcrous i 
rocks of Scotland, (JIO. | 

* on the distribution of lishos in the 

Old Retl Sandstone of Scotland, 610. 
Travers (Morris W.) and G. Sbnter on ‘ 
a comparison of the constant volume ' 
and constant pressnie scales for 
hydrogen between 0*^ and — UK) C., 
646. 

Trees, the diameter increment of, .V. AV. 
Borthwick on, s.Jl. 

Trias of Elgin, tlio occurrence of baiium 
^ sulphate and calcium tluoride as 
cementing substances in tlu*, W. 
Mackic on, (i ft). 

— the I’ebble-band of tlie, ami its 
wind-worn ]iel)l)i<'s. W. 3Iackioon, 
Tuckkr (lb D.) on the erratir blocks of 
the Jiritish Isles, 28J. 

Turhid soluttons, the elearing of Inj the 
Injlnenee of I in hf J^rof. Dr. G. (ftincke 
on, 60. 

Turner (Prof. II. II.) on seismologicttl 
inrestigalion, 10. 

, Atidres.s to tlie Oepartinent of 

Astronomy by, 

on an exceptional case in the deter- 
mination of the constants of a photo- 
graphic plate from known stars, 513. 
Tvlor (Prof. E. Pi.) on an ethnological 
surreg of Canada. 100. 

*Ti/pe speeimens of fossils, Ileporl on the 
registration of. 647. 

*Typhoid disinfectant, sulphuric acid as 
a, Ur. iS. llideal on, 603. 


Ulca latissima, tlu' absorption of am- 
monia from piilluted sea-water by. 
Prof. Letts and J. Uawthoriie on, 831. 

Uncle, maternal, the functions of the, in 
Torres Straits, Dr. Rivers on, 800. 

Underground teniperatnre, Tiventy-second 
report on, 64. 

m— water movements, A". IK. Yorkshire, 
Report on, 337. 


Unit of gjressure. Dr. C. E. Guillatiiiie on, 
71. 

Unieersities, the influence of the, on school 
education, lit. Rev. J. Percival on, 448. 

Uphill, Wesion‘S\iper‘Mare, Report on 
the excavation of cares at, 352. 

U83HER (R. J.) on the exploration of 
caves in Ireland, 282. 

Vajiour, the laws of electrolysis of alkali 
salt, II. A. Wilson on, 547. 

Variation, the relation of bina> y fis-^^ion 
and conjugation to, J. Y SiJi)p.son on, 
688 . 

- - in the strata in the ea.stern High- 
lands, G. Barrow on, 633. 

*Varti.la (P. Bunau; ou the Panama 
Canal, 760. 

Vegetation, the effects of, in the valley 
and plains of tlie Clyde, G. F. Scott 
Elliot on, 718. 

Velocity of water, variation of the 
critical, with temperature, H. T. 
Barnes and E. G. Coker on the, 570. 

Ventilation of public buildings, J. W, 
Thomas on, 775. 

Vertebral jiroeessc^-, transverse, the mor- 
phologv of, Prof. A. Macalister on, 
780. 

Vertebrata, Ibo origin of the paired limbs 
of, J. (Tiabam K(‘rron. 603. 

Vinks (Piof. S H.) on t nrestigations 
made a! the Marine liiologieal Asso' 
ciation Lahoralorg at PI i, mouth, 376. 

Viichow, Prof. Iludolf, Address from the 
Section of Anthro))ology to, 807. 

'’Viscosities of solids, the relation be- 
tween tcinpeialurc and, i*rof. A. Gray 
on, 520. 

■•’‘A'i.scosity of magnet i.*!ahle liquids, the 
inlluenco of a magnetic tield on the, 
iTof. A Gray on, 5S2. 

^ .-oluls, ibe iiillucncc of a 

magnetic Held ou the, Prof. A. Gray on, 
582. 

♦A’isual illusion, the measurement of, 
Dr. W. H. lb Rivers on. 818. 

’‘ A'olcanic history of the Inner Hebrides, 
time intervals in tlie. Sir A. Geikie on, 
636. 

I olla meters containing different solvents, 
a comparison of silver deposited in, S. 
Skinner on, 32. 

^Voluntary movement, the restoration of, 
after the operation for nerve* crossing, 
Dr. lb Kennedy on, 817. 

Wacjer (Harold) on the cytology of the 
Cy^^noph^ ceje, 830. 

on the t eacliing of botany in schools, 

843. 

AVages at Glasgow in the nineteenth cen- 
tury, A. L. Bowlcy on, 764. 
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♦Walker (Prof. James) on the nomen- , 
clature of the ions, 613. ' 

Wallace (Prof. Kobert) on British agri- , 
culture, 747. 

Waeklyn (Prof. J. A.) on arsenical ' 

T ‘ ■ *■ ■ . 816. 

Ward (^Prot. Marshall) on the morpho- 
^ogy^ ^c., of the t^odostemacece^ 447. 

on the Bromes and their brown 

rusts, 836. 

Water, specific heat of the variation of 
the, Prof. H. L. Callcndar on, 34. 

, variation of the critical velocity of, 

with temperature, II. T. Barnes and 
E. G. Coker on, 579. 

Watebston (David) and D. Hepbxjrn 
on the pelvis of the porpoi^e as a guide 
to the determination ot a sacral legion , 
in Cetacea, G80. 

Watkin (Col.) on the B.A. scre7v gauge, , 
407. ‘ j 

Watson (W.) on determining magnetic , 

force at sea, 29. | 

Watts (Dr. Marshall) on nr av e-length j 

tables of the spert?'a of the elements and j 
compounds, 79. | 

(Prof. W. AV.) on the movements of ' 

underground rvaters of X. IF. York- 
shire, 337. 

on the eolleetion of phofoorophs ef 

geological interest ni the t mUd king- 
dom, 33tt. 

— on the work of the Corresponding 
Societies Committee, 465. 

Ware-length tables of the spectra of the 
elements and compounds, Iteport on, 79. 
Waves, terrestrial surface, Iteport on, 
398. 

, the size of, as observed at sea, 

Vaughan Corni.sh on, 773. 

Weather maps, W. N. {^haw on, 725. 
Webber (Maj.-Gen.) 07i the B.A. sereir 
gauge, 407. 

♦Weiss (Prof. F. E.) on abnormal cat- 
kins of the hazel, 857. 

Welch (R.) 07i the collection of photo- 
graphs of geological interest in the • 
United Khigdom, 339. 

Weldon (Prof. W. F. B.y onthe oee,u- 
patio7i of a table at the Zoological 
Station at Naples, 354. 

oninvestigatio7is made at the Mar hie 

Biological Association Laboratory at ■ 
Phjmouth, 376. . , 

Westleton Beds, Further note by II. B. 

Woodward on the, 635. 

Wethebed (E.) on u7idergronnd tempera- i 
tv/re, 64. ' 

Wheeler (W. H.) 07i terrestrial surface 
waves, 398. 

on the source of warp in the 

Humber, 662. 

Whitaker (W.) on the work of the I 
Corresponding Societies Committee, 465. 


♦WiGHAM (John R.) on long continuous 
burning petroleum lamps for buoys and 
beacons, 768. 

* on a new scintillating lighthouse 

light, 768. 

Wildtiibes of the Malay Peninsula, W. 
W. Skeat on the, 803. 

Wilson (Prof. Ernest) on the commer- 
cial im])oit.n\cc of aluminium, 771. 

(Harold A.) on the laws of electro- 
lysis of alkali salt vapour, 547. 

Withers (Prof. H. L.) on the scope of 
the science of education, 866. 

Woman as a worker, the present i)()sition 
of, Miss M. II. Irwin on, 756. 

Vt"o77icns labour, Iteport on the economic 
effect of legislation regulating, 3!)9. 

♦Wood (A.), Prof. A. Gray, 'and J. S. 
Dunlop on elastic fatigue as shown 
by metals and wood.s, 529. 

(Sir H. T.) on the B.A. scre7v 

gauge. 407. 

Woodall (II. J.) and Lieut. -Col. 
Cunning HAM on the determination of 
successive high piimcs, 553. 

AVoodward (A. Smitli) on the bono-beds 
of Pikermi, Attica, and in N. Eubcea, 
656. 

(Dr. H ) on life-zones in the British 

('arhonijeroiis rocks, 288. 

on the compilation of an indejc 

generum et specierum. animahum, 362. 

(II. B.) on the collection of photo- 
graphs of geological interest in the 
United Kingdom, 339. 

on a phos})hatio layer at the base ol 

the Inferior Oolite in Skye, 6!15. 

- - on the AVostleton Hc(ls, 635. 

AVoolnoi’GH (F.) on the eolleetion of 
/di.ifuor 'ph'^ of g( ojogieal interest in the 
t •ntnl Amz/zv///-'/, 339. 

AVoilsdell (W. C.) on the mor])hology 
of the llowcrs of Cephalofnjrii.'i, S3t. 

- - on the morphology of the ovule, 

8.M. 

Wynne (A. B.) on uiidcrground tempera- 
ture, 64. 

^ - (Dr. AV. P.) on the isomorphous 

derivatives of benzene, 78. 

Yangtse, the Upper, the crux of the, 
Archibald lattlc on, 727. 

♦Yapi* (R. H.) on some botanical i>hoto- 
graphs from the Malay Peninsula, 831. 

on two Malayan ‘ myrmecophilous ^ 

ferns, 851. 

♦Yeasts, spore-formation in, T. Barker 
on, 857. 

A'ew, apparently cut by man, from the 
Forest bed on the E.coiist o£ England, 
F. D. Longe on, 798. 

, the past history of the, in Great 

Britain and Ireland, Prof. H. Conwenta 
on, 839. 
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Yorkshire, iV.TK, Report on the move- ! 

ments of underground rcaters of, 337. 
Young (Dr. George) on the existence of 
certain semicarbazides in more than 
one modification, 609. 


♦Zebras and zebra hybrids, Prof. J. Cossar 
Ewart on, 691. 

Zones, life-, in the Rrltish Carlo nif erodes 
rocks. Report on, 28S. 

Zoological Station at Naples, llepoH on 
the occupation of a table at the, 
354. 


Appendix: 

I. Reports on the occupation of the 
table, 355. 

II. List of naturalists who have worked 
at the Station from July 1, 1900, to 
June 30, 1901, 358. 

III. List of papers published in 190C 
by naturalists wlio hare occupied 
tables at the Station, 360. 

IV. List of JPublications of the Station 
for the year ending June 30, 1901, 361. 

Zoology, Aldress by Prof. J. Cossar 

Ewart to the Section of, 66G. 

of the Sandwich Islands, Eleventh 

report, on the, 352. 
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Fourth Report on the Conditions under which Remains of the liish Elk aie 

found in the Isle of IVIan 

Report on Photographs of Geological Interest in the United Kingdom 

On the Geological Age of the Earth. By Professor J. Joly .... 

Second Report on the Plankton and Physical Conditions of the 1011.1*11811 Channol 

during 1899 

Report on the Occupation of a Table at the Zoological Station at Naples . 

Report on the Compilation of an Index Animalium 

Report on the Natural History and Ethnography of the Malay Fcninsula . ! 

Tenth Report on the Zoology of the Sandwich Islands . . . . ! 

Report on Investigations made at the Marine Biological Ijaboratory, 

Plymouth 

Interim Report on the Coral Reefs of the Indian Regions . . . ! . 

Third Interim Report on the Working out of the Details of the Ol)servation.s of 
the Migration of Birds at Lighthouses and Lightships, 1 880-87 , 

Ninth Report on the Climatology of Africa 

Report on the Revision of the Physical and Chemical Constants of Sea-water . 

Report on Future Dealings in Raw Produce 

Interim Report on the State Monopolies in other Countries .... 
Report of the Committee for considering whether the British Association form 
of Thread for {Small Screws should be modified, and, if so, in wliaL 

direction 

Report on the jMicro-chemistry of Cells 

Report on the Comparative Histology of Suprarenal Cai)sulcs .... 

Report on the Comparative Histology of Cerebral Cortex 

Report on Electrical Changes in Mammalian Nerve 

Report on the Physiological Effects of Peptone and its I’reciirsoi.s when intro- 
duced into the Circulation 

Report on the Vascular Supply of Secreting Glands 

Report on the Age of Stone Circles 

Report on the Mental and Physical Deviations from the Normal among 

Children in Public Elementary and other Schools 

Report on the Silchester Excavation 

Report on an Ethnological Survey of Canada 

Interim Report on the Collection, Preservation, and Systematic Registration of 

Photographs of Anthropological Interest 

Report on Fertilisation in the Phasophycem 

Report on Assimilation in Plants 

Report of the Corresponding Societies Committee 

Report of the Proceedings of the Conference of Delegates of Corresponding 

Societies held at Bradford 

The Transactions of the Sections 

Index 

List of Publications 


l*AOR 

131 

150 

151 
1C7 
171 
187 
193 
297 
299 
328 
340 
310 
342 

342 

343 
34(; 


3(9 

3.‘)0 

3f>9 


379 

380 

392 

393 
398 


399 

400 

403 

413 

421 

421 

438 


43G 

449 

452 

153 

455 

457 

458 
4C1 


401 

466 

468 


568 
509 

569 

570 

673 

613 

947 

971 


(Appendix, LM of Members, pp. 1-1 11.) 
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Publications on sale at the Oflice of jbhe Association. 

Lithograpliocl Signatures of the Members who met at Cambridge in 1833, with the 
Troceedings of the Public Meetings, 4to, is. 

Index to the Reports, 1831-lscO, 12a. (carriage included). 

Index to the Reports, 18C1-1S‘)(), 15a. (carriage, 4^/.). 

Lalande's Catalogue of Stars, t'l U*. 

Rules of Zoolo;. ieal Nomciichiluni, la. 

On the Ih'gulation of Wages by means of l^isls in the Cotton Industry : —Spin- 
ning, 2a. ; V\'’eaving, l.v. 

Re])ort on the best moans for promoting Scientific Efluc;ition in ScliooN, 18G7, Gd, 

Second Report on tlio present Methods of teaching Chemistry, 1880, Cd 

Report of tlie (’ommif f ee for constructing and i‘'suing Practical Standards for use 
in Electrical Measuremriiit-, 1892, Gd. ; Report, 1891, la. 

Second Report on the Dorelopment of Graphic Methods in Mechanical Science, 
1892, ]s. 

Rc]»ort of tlie Etlinograplii^ .il Survey Committee, 1893, 6^/. 

The Action of Magnetism on Light, by J. Larmor, F.R.S., 1893, la. 

Table of Electro-cliomicai Properti<‘S of Atiucous Solutions, compiled by Rev. T. C. 
Kitz])atrick, 1893, la. (id. 

Report on the Present State of our Knowledge of Thermodynamics, Part Tl., by 
G. II. Ilryan, with an Appendix Viy Prof, L. Boltzmann, 1894, la. 

Report on i’lanimeter.s, by Prof. O. llenrici, F.R.S., 1891, la. 

Discussion on Agriculture and Scionco, Ipswich, 189.’), Dd. 

Reports on the North- Western Tribes of Canada, L-f. or la. Gd. each. 

Fourth Report on the Erosion of the Sea Coast, 1895, JVL 

Second Report on a Gauge for Small Screws, 1881, reprinted 1895, (W. 

First. Report, on giving pnictic.d olTcct to the Introduction of the British Association 
StJiew Gauge, 189G, tJ^/. 

Rejiort on Proposed Modification of the Thread of the B.A. Screw, 1900, Gd. Report 
1901, Gd. 

Digest of ()l>scrvations on the Migration of Birds made at Lighthouses, by W. Eagle 
Clarke, 189(;, Gd. 

Report on the Migratory Habits of the Song-tlirush and the White Wagtail, b}' W. 
Eagle Clarke, 1900, <W/. 

Report on the Mignalury Habits of tlie Skjdark, and th© Swallow, by AV. Eagle 
Clarke, 1901, Gd. 

Report on Tables of the Bessel Functions, 189(), Is. 

Report on the Compari.son of Magnetic Instruments, 1891), id. 

Report on the Position i)f Geography in the Eilucational Svstem of the Country^ 
181>7, Gd. 

Report on Seismology, 1898, U. ; 1899, 1.?. ; 1900. Is. thZ. ; 1901, 1#. 

Report on tlie Bibliography of Spectroscopy in continuation of 1894 Report, 1898, 
Is. Gd . ; 1901, Is. Gd. 

Report on Wave-lengths; 1899, l.v. ; with Index to Tables from 1881 to 1900, U. ; 
1901, Is. 

Tables of F (r, v) and II (r, v) Functions, 1899, 1«. 

The Problem of the Three Bodies, by E, T. Whittaker, 1899, 1«. 

Rei)ort on the Ethnological Survey of Canada, 1899, Is. Gd . ; 1900, U. Gd. 

The Chemical Compounds contained in Alloys, Report by F. H. Neville, F.R.S., 
1900, U. 

The Constitution of Camphor, by A. Lapworth, D.Sc., 1900, 1*. 

Future Dealings in Haw Produce, Report, 1900, U. 
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Note sur rUnit6 de Pression, par le Dr. C. E. Gaillaume, 1901, 2d, 

Note on the Variation of the Specific Heat of Water, by Prof. H. L. Calicndar, 4</. 

Beport on Absorption Spectra and Chemical Constitution of Organic Substances, 
1901, 1^. 

Beport on the Structure of Crystals, 1901, Is, 

The Relative Progress of the Coal-Tar Industry in England and Germany during the 
past Fifteen Years, by Arthur G. Green, 1901, 6rf. 

The Methods for the Determination of Hydrolytic Dissociation of Salt Solutions, by 
R. C. Farmer, 1901, i\d. 

The \v; Ver/’- of the Equilibrium Ijaw to the Separation of Crystals from Complex 
> .'.I t ; ad to the Formation of Oceanic Salt Deposits, by Dr. E. Frankland 
Armstrong, 1901, Is. 

Report on the Resistance of Road Vehicles to Tniction, 1901, 3rf. 

The Influence of the Universities on School Education, by tlie Right Rev. John 
Pcrcival, D.D., Lord Eishop of Hereford, 1901, 2d. 

The President’s Address, and Sectional Addresses, for 1889, 1892, 1S93, 1895, 1896, 
1897, 1899, 1900, 1901, each Is. 
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Sir\V. T. Tni-KLTf.N-DYKU, K.C.M.G., C.I.E., F.R.S. 
.Iambs Rnukku Smiih, M.P., D.L. 
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PRESIDENT ELECT. 
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VICE-PRESIDENTS ELECT. 
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Lieutenant of the (’ounty of Donegal. 

The MAHyoEi-s OF DuFi rniK and Avv. K P., 
F.R.S., II.M. Lieutenant of the (‘ounty of 
Down. 

The Marqufhs op Loxuonm»kbry, K.(L, H.M. 

Lieutenant of the ( 'ity of Belfast. 
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tenant of the County of Antrim. 


T he Right Hod. tljo Eaul of Sh \i-tij^tiury, D L. 
The Right Hon. the Earl of Ros^e. K.P., F.R.S. 
The Right Hon. Thoma'^ Sixci.aib, D.Lit. 
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1 he PiiKsiDEXT of (Queen’s College, Belfa-t. 
I’rofefhOr E. Bay Lankester, M.A., F.R.S. 
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GENERAL SECRETARIES. 

Bioff— or Sir Wii liam (’. Vi spen, K.C.B., D.c.L., F.R.S 

Dr. D. H. SroTT, M.A., F.R.S. 
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Sir F. J. Br.imwell, Bart., F.R.S. 
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' Bart.,F.R.S. 
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F.R.S. 

Loid Li.ster, 1).(\L., F.R.S. 

Sir Jolin Evans, K.C.B., F.R.S. 
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Sir Miohael Foster, K.O.B., 
M.P., F.R.S. 

Sir W. Turner, K.O B., F.R.S, 


GENERAL OFFICERS OF FORMER YEARS. 


F, Gallon, Esq., D.C.L., F.R.S. 
Prof. Sir Miohael Foster, K.C.B., 
M.P.. Sec. R.S. 

O. Griffith, Esq., M.A. 


P. L. Sclater, Esq., Ph.D., F.R.S. 
Prof. T.O. Bonney, D.Sc., F.R.S. 
I’rof. A. W. Williamson. F.R.S. 
A. Vernon Haivourt, Ka<i., F.R S 
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E. W. Brabrook, Enq., C.B. 


L. L Price, Esq., M.A. 




LIST OF MEMBERS 


OF THE 

BRITISH ASSOCIATION FOR THE ADVANCEMENT 

OF SCIENCE. 


IDOL 


* indicates Life Members entitled to the Annual Ueport. 

§ indicates Annual Subscribers ent it led to the Annual lieport for DOl. 
§§ indicatc's Annual Subscribers who will be entitled to the Annual 
Report if their Subserij)tion> are paid by December ill, ltl02. 

J indicates Subscribers not entitled to the Annual Report. 

Names without any mark before them are Life Members, elected 
before 1H45, not entitled to the Annual Report. 

Names of Members of the General Com suttee are printed in 

SMALL CAPITALS. 

Names of Members whose addresses are incomplete or not known 
are in italics. 

Notice of chanfjes of residenor should he scut to the Assistant 
General Secretary., G. Grifith., Esq.., Burli nylon House., IT, 


Year of 
Election. 

1887. *Ahbe, Professor C'levelani). Weather Bureau, Department of Ap^ri* 
culture, Wa.-hi]ii.don, U.S.A. 

1897. I Abbott, A. fl. Brockvilie, Ontario, Canada. 

1898. § Abbott, George, M.K.C^S. dd Upper Grosvenor-road, Tunbridge 

Wells. 

1881. ^Abbott, R. T. G. Whitley House, Malton. 

1887. ^Abbott, T. (k Eastleigh, Queen s-road, Bowdon, Cheshire. 

186^3. •Abel, Sir Frederick Augustus, Bart., G.C.V.O., K.C.B., D.O.L., 
D.Sc., F.R.S,, V.P.C.S. (President, 1890; Council lS7d 82; 
Prt's. 13. 1S77), President of the Government Committee on 
Explosives. 2 Whiteball-court, S. W. 

1902. §§Adercokn, the Duke of, K.G. (Vice-President, 1902). Barons 
Court, Ireland. 

1885. •Aberdeen, The Right Hon. the Earl of, G.C.M.G., LL.D. Haddo 
Hejuse, Abeixleen. 

1885. ^Aberdeen, The (kiuntess of. Haddo House, Aberdeen. 

1885. tAbernethy, James W. 2 Rubislaw-plnee, Aberdeen. 

1873. •Abney, Captain 8ir W. de AV., X.C.13., D.O.L., F.R.S., F.R.A.S. 

(Pres. A, 1889 ; Council, 188189). Rathniore Lodge, Bol ton- 
gardens South, Earl’s Court, S.W. 
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LIST OF MKMBELS. 


Year of 
Blection. 

188(5. t Abraham, Harry. 147 Tliuli-^troot, Southampton. 

1884. JAcheson, George, (yollegiate Institute, Toronto, (Canada. 

1873. JAckroyd, Samuel. Greaves-street, LittleIIorton,I3radtord, Yorkshire. 
19(K). §Ackroyd, William, Borough Laboratory, Grossley Street, Halifax. 

1882. *Acland, Alfred Dyke. 38 Font-street, Chelsea, S.W. 

1869. JAcland, Sir 0. T. Dyke, Bart., M.A. Killerton, Exeter. 

1877. *Acland, Captain Francis E. Dyke, K.A. Woodmansterne Rectory, 
Banstead, Surrey. 

1873. ^Acland, Rev. 11. D., hi. A. Luecomhe Rectory, Taunton. 

1894. *Acland, Henry Dyke, F.G.S. The Old Bank, Great hlalvern. 

1877. *Acland, Theodore Dyke, M.D. 19 Brvanston S(iuart‘, \V. 

1898. LAcworth, W. M. 47 St. G. ^ W. 

1901. §Adam, ,1. M. 15 Walmer ■ ■ • -.’i; ■ . 

1887. :j;ADAMr, J. G., hi. A., hl.D., Professor of Pathology in the L niversity, 
Montreal, Canada. 

1892. J Adams, David. Rockville, Xortli Queensferr}". 

1884. j Adams, Frank Donovan. Geological Survey, Ottawa, Canada. 

1901. § Adams, ,Tohn. 12 llolyrood Crescent, Glasgow. 

1871. JAdams, John R. 2 Niitley-teiTace, Hampstead, N.W. 

1879. *Abams, Rev. Thomas, M.A. , D.C.L. (Local Sec. 1881). 4 A\enue 

Terrace, Paignton, South Devon. 

1869. ♦Adams, William Grylls, M.A., D.Sc., F.R.S., F.G.S., F.O.P.S. 

(Pr(*s. A, 1880 ; Council 1878-83), Professor of Natural Philo- 
sophy and Astronomy in King s College, London. 43 Carapden 
Hill-square, W. 

1001, § Adamson, P. 11 Fairlie Park Dri\(% Glasgow. 

1879. JAdamson, RonEiir, M.A., LL.D., Professor of Logic in the Uni- 
versity of Glasgow. 

1890. t Adamson, W. Suimyside House, Prim e s I’ark, laverpook 

1898. § Addison, William L. T. Byng Inlet, Ontario, (Janada. 

1890. f Addyman, .Tames Wilson, B.A. B(dmont, Starheck, Harrogate. 

1890. JAdeney, W. E,, B.Sc., F.C.S. Royal University of Ireland, Earls- 

fort-terrace, Dublin. 

1899. §Adie, R. H., M.A., B.Sc. 8 Richmond-road, Cambridge. 

1883. tAdshead, Samuel, School of Science, Macclesfield. 

1884. TAgnew, Cornelius R. 266 hladdison-aveniie, New York, U.S.A. 
1864. *Ainswortb, David. The Flosh, Cleator, Carnforth. 

1871. ♦Ainsworth, John Stirling. Harecroft, Gosforth, ( Uimberland. 

1871. t Ainsworth, William M. The Flosh, Cleator, Carnforth. 

1895. ♦Air}", Hubert, M.I). Stoke House, W , Suffolk. 

1891, ♦Aisbitt, M. AV. Mountstiinrt-square, ( ardill, 

1871. §Aitken, .Totin, F.R.S., F.R.S.E. Ardenlea, Falkirk, N.B. 

TOOL §Aitken, Thomas. Count\ Buildings, Ciqiar, Fife. 

1898. IAkers-Douglas, Right Hon. A., M.P. 10(> Mount-street, W. 

1884. ♦Alabaster, H. hlilton, Orange Road, Sutton, vSurroy. 

1886. ♦Albright, G. S. The Elms. Edgbaston, Biriningliain. 

1900. §Aldren, Francis J., M.A. The Lizans, Malvern Link. 

1896. § Aldridge, J. G. AV., Assoc, M. Inst. C.E. 9 A'ictoria-street, AA^est- 

minster, S.W. 

1804. T Alexander, A. W. Blackwall Lodge, Halifax. 

1891. I Alexander, D. T. Dvnas Pow is, Cardiff. 

1883. } Alexander, George. Kildare-street Club, Dublin. . 

1888. ♦Alexander, Patrick Y. Experimental AVorks, Bath. 

1896. jAle.xander, AA^illiam. 45 Highfield South, Rockferry, Cheshire. 
1891. *Alford, Charles J.. F.G.S. 15 Great St. Helens, EU. 

1883. I Alger, Miss Ethel. The Manor House, Stoke Damerel, South 
Devon. 
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Year of 
Election. 

I Alger, W. II. The Manor House, vStoke Dainerel, South Devon. 

I Alger, Mrs. \\". II. The Manor House, Stoke Damorel, South 
Devon. 

1867. I Alison, Georjre L. C. Dundee. 

1885. j Allan, David. West Cults, near Aberdeen. 

1871. t Allan, G., M.Inst.O.lk 10 Austin Friars, F.C. 

1901. *\Jlan, Jamt's A. \Vcst(Tlon, Milnuatie. 

1871. t ALLEjf, Alfred II., F.O.S. 67 Surrey-street, Shellield. 

1879. *Allen, Rev. A. J. C. The Librarian, Peterhouse, Cambridge. 

1898. §Allen, E. J. The Laboratory, (Jitadel Hill, Plymouth. 

1888. t Allen, F. J., M.A., M.D., Professor of Physiology, The I'niver^ity, 

Birmingham. 

1884. t Allen, Rev. George. Shaw Vicarage, Oldham. 

1891. JAllen, Henry A., F.G.S. Geological Museum, Jermyn-street, 

S.W. 

1887. [Allen, John. 15 Norlli (Tt ‘scent, St. Anne’s-on-the-Sea, via 
Preston. 

1878. t Allen, John Roinillv. 28 Great Ormond-street, \V.( ^ 

1889. iAllhusen, Alfred. Low Fell, Gateshead. 

1889. tAllhusen, Frank F. 

1880. t Allport, Samuel, F.G.S, The I'niversity, Birmingham. 

1896, lAlsop, J. W. K) Bidston-road, Oxton. 

1882. *Alverstone, The Right Hon. Lord, G.C.M.G., LL.D. Honitoil 

Lodge, Horn ton Street, Kon.sington, .S.W. 

1887. tAlward, G. L. 11 Hamilton-st reel, Grimsby, Yorkshire. 

1876. j Ambler, John. North Park-road, Bradford, Yorkshire. 

1891. f Ambrose, D. R. Care of Messrs. J, Evans & Co., Bute Docks, 

Carditf. 

1883. §AmoiT, John Spnrke. Druid, Ashburton, Devon, 

1883. §Amerv, Peter Fabyan Sparke. Druid, Ashburton, Devon. 

1884. IAmt, Henry, IM.A., F.G.S, Geological Survey, Ottawa, Canada. 
1883. t A ndenson, Miss Constance. 17 Stonegate, York, 

1885. •Anderson, Iluoii Kerr. ( -aiiis College, Cambridge. 

BK)1. ’•Anderson, Jamt's. 1 Marlborougli T('rrace, Glasgow. 

1874. lAnderson, John, ,T.P., F.G.S. Holywood, Belfast. 

1892. I Anderson, .Tose])h, LL.D. 8 Great King-street, Edinburgh. 

1899. *Anderson, Miss Mary K. 13 Na])ier-road, F.-Iinhiirjli. 

1888. •Anderso)!, 11. Bruce. 2»5v Great George-street, S.W. 

1887. [Anderson, Profes.sor R. .1., M.D., F.L.S. Queen's College, and 
Atlantic Lodge, Salthill, Galway. 

188t). [Anderson, R. Simpson. Flswick Collieries, Newcastle-upon-Tyne. 
1880. •Anderson, Tempest, M.D., B.Sc., F.G.S. (Local Stu*. 1881). 
17 Stonegate, Ahn-k. 

P.K)l. ‘ AndeiMUi, Dr. M'. Cairick. 2 Floreiitiiu' Gardens, Glasgow, 

1901. §An(lerson, AV. F. G. 47 Union Street, Glasgow'. 

1883. t Andrew, Tliomas, F.G.S. 18 Southernhay, Exeter. 

1895. t Andrew’s, Charles W. British Museum (Natural History), S.W, 
1891. tAndrew^s, Thomas. 163 Now’ port -road, Cardiff. 

1880. •Andrews, Thornton, M.InsKkE. Cefn Eithon, Swansea. 

1886. § Andrews, William, F.G.S. Steeple Croft, Coventry. 

1883. JAnelay, Miss M. Alabel. Girton (Mllege, Cambridge. 
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of Cambridge. 'Fhe Obst'rvatory, ikimbrklge. 
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1894. §Borkelev, The Right Hon. the Farl of. Foxcomhe, Boarsliill, near 
Al)ing<lon. 
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1898. §Berridge, AIis.s ('. K. W«‘llseot, llaywanrs Lane, ('heltenhain. 

1894. §Berridge, Douglas, M.A., F.C.S. The College, Malvern. 

1862. tBESAN'C, Wii.LiAM HnNUY, M.A., D.Sc., F.it.S. St. .lohn's College, 
Cambridge. 

1882. *B<*s8©iner, Henry. Moorlands, Bitterne, Southampton. 

1890. ^Best, William Woodham. 31 Ijvddon-tervace, Leeds. 

1880. *Bkvan, Rev. .Tames Oi.iver, M.A., F.S.A., F.Ci.S. 56 Gunterstone- 

road, W. 

1886. tlk'veridge, R. Beath Villa, Ferryhill, Aberdeen. 

1884. •Beverley, Michael, M.I). 61 Prince oi' Wales-road. Norwich. 

1870. tHickerton, A. W. Newland Terrace, (Jiieen's Road, Battersea, S.AV, 

1888. *Bidder, George Parker. Savile (Uuh, Piccadilly, W. 

1886. *BimvELL, Shelforu, Sc.D., LL.B., F.R.S. Riverstone Lodge, 
Southfielda, Wandsworth, Surrey, S.W. 

1882. §Biggs, O. H. W., F.<kS. G lebe Lodge, ('hampion Hill, S.E. 

1898. §Billingtnn. Charles. Sludleigh, Longport , Stallbrdshire. 

1001. 'ilil.'hiinl, William, J.P. 28 Park Circus, Glasgow. 

1886. iBindloss, G.F. Carnforth, Brondesburv Park, N.W. 

1887. *Bindlo8S, James B. hJm Bank, Eccles,* Manchester. 

1884. *Bingham, Lieiit.-ll^olonel John hk, J.P, West Lea, Ranmoor, 
Sheffield. 

1881, tBiNNiE, Sir Alexander 1L, M.Inst.C.E., F.G.S. (Pres. G, 19(X)), 

77 Ladbroke Grove, W. 
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1873. JBinns, J. Arthur. 31 Mauor Ihnv, IManninghani, Bradford, York* 
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1000. jBird, F. J. Norton House, ^Nlidsomer Norton, Bath. 
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1888. *Birloy, Miss ('aroline. 14 Briinswick-gardens, Kensington, W. 
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1885. jBissett, J. P. Wyndem, Banchory, N.B. 
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Michigan, U.S.A. 
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1900. §Blackburn, AV. Owen. Mount Itoyd, liradford. 

1877. JBlackie, J. Alexander. 17 Stanhope-street, Glasgow. 

1865. ♦Blackie, AA^ G., Ph.D., F.R.G.S. (Local Se c. 1870). 1 Belhaven- 
terraco, Kelvinside, Glasgow. 

1896. §Blackie, AA^alter AV., B.Sc. 17 Stauliope-street, Glasgow. 

1884. jBlacklock, Frederick AV, 25 St. Fa mi lie-street, Alontreal, Canada. 
1896. jBlackwood, J. M. 16 Oil-street, Liverpool, 

1886. jBlaikie, John, F.L.S. The Bridge House, Newcastle, Stafford- 

shire. 

1896. iBlaiki«s AV, B. 6 B -L'r.iv«‘-c:t— *• -i:. Edinburgh. 

1883. ;Bhiir, Mr-. Oakshaw, Paisley, 

1892. jBlair, Alexander. 35 Moray-plac(s Edinburgh, 

1892. jBlair, John. 9 Ettrick-road, Edinburgh. 

1883. *Blake, Rev. J. F., M.A., F.G.S. 69 Coineragh-road, AV. 

1891. IBlakesley, Thomas IL, ALA., M.Tnst.C.E. itoyal Naval College, 
Greenwich, S.E. 

1894. jBlakiston, Rev. C. D. Exwick Vicarage, Exeter, 

1900. *Blamires, Joseph. Bradley Lodge, Huddersfield. 

1881. jBlamires, Thomas 11. Close Hill, Lockwood, near Huddersfield. 

1895. jBlamires, William. Oak House, Taylor Hill, Huddersfield, 

1884. *Blandy, William Charles, ALA. 1 Friar-street, Reading. 

1869. jBLANEORD, AV. T., LL.D., F.R.S., F.G.S., F.R.G.S. (Pres. C, 
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Iliii, AV. 
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chester. 
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1887. JBles, Alarcus 8. The Beeches, Br.^u..'l/ -:i Park, Manchester. 
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1870. JBoardman, Edward. Oak House, Eaton, Norwich. 
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1870. t Booth, Rev. William II. Mount Nod-road, Streatham, S. W, 

1883. {Boothroyd, Ihmjaiiuii. Solihull, Birmingham. 
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13 Univerbity-gardens, Glasgow. 

1884. * Bottoinley, Mrs. 1.3 FniverMt y-gardens, Glasgow. 
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1873 -79,1883 87). 5 Great George-street, S. W. 
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1868. tBremridge, Elias. 17 Bloomsbury-square, W.C. 
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Krn-ington. W. 

1886. tBRiDOE, T. W., M.A., D.Sc., Professor of Zoology in the Univer- 

sity, Birmingham. 
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1870. *Bridsoii, Josepli 11. Ilolybounio, Alton, Hants. 

1887. JBrierley, John, J.P. Th«5 (vloug'h, Whitetield, Manchester. 

1870. JBrierley, Joseph. New Market-street, Blackburn. 

1886. JBrierley, Tjeonard. h 50 nier.se 1 -vr»ofl Kilsrbaston, Birniin^hiiin. 

1870. JBrierley, ^lor^ran. Densh.. 'illeworth. 

1870. *Biuog, .Toiix, M.P. Kildwick Hall, Keijrhloy, Yorkshire. 

1890. JBrigjr, W. A. Kildwick Hall, Keighley, Yorkshire. 

1893. t Bright, Joseph. Western-terrace, "Hie Park, Nottingham. 

1868. JBrine, Admiral Liinlesav, r.li.(i.JS. United Service Club, Pa l 
Mall, S.W. 

1893. tBriscoe, Albert E.,B.Sc.,A.R.C.Sc. Mimii ipal Technical I ditnte, 
Itomford-roiid, West Ham, K. 

1884. ^Brisette, ISI. li. 424 St. l^uiil-atreet, Montreal, Canada. 

1898. 4 Bristol, the Bie-lit Ilev. (J. F. BKonxt:, Lord Bishop of, 17 

The Avenue, Clifton, Bristol. 

1879, *Brittaix, AV. II., J.P., F.K.C.S. Storth Oak.^, Sheflield. 

1878. fBritten, James, 1 .L.S. Department of Botany, British Miceam, 

S.AV. 

1884. *15111110, John P M.lust.C.K., F.ll.S.K. D A anbrugh-hill, Black 

heath, S.l l. 

J899. iBiViadwood, .Mi^s Bertha Al. P]e\.4fA\«‘, C.ipel, Suney, 

JSOO. tBroadwooil, Janies 11. 1*.. J*lt\ )sluwe, Capel. Surrey. 

1807. JBroek, W. 11. Toront<.. 

1890. •Broekleluii>t, S. Olinda, S* fton Park, Li\erpool. 
lH8.‘k •Brodie, David, M.l). tiS Hamilton Road, Tliglihurv, N. 
ltK)l. 51 ifudie, T. < i. Kx iminuti »n Ihdl, A'icti»ria iMnhankment. W.C. 
1881. IBrodie, William, M.D. (H Lafayelte-iueiiue, Detroit, Micdiigan, 
r.s.A. 

P.K)1. §Brodio, W. Bro<llo. 2S Hamilton I'ark TeiTaee, Hillhead, (ila^gow. 
ISSO. •Broditi-llall, Mi>^ W. U. o l)tAonshiiv-plac(‘, Bastbouvnt'. 

1881. 4 Brook. Boherl <1. Wolverhamplon llou^e, St. Helens, Ivanca- 
shire. 

1801. •Broiike, A’on. Archdeacon J. Ingham. The A'icavage, Halifax. 

1887. §Bruoks, James Howard. lOlm llhvt, Wilm>low, near Alan- 

clieMtM’. 

IHO;!. JBrooks, John (h’o<<e. 1 1 Uovaiiie-])laee, Newca'^tle-ou-Tyne. 

1887. J Brooks, S. II. Slade Him.-e, Ue\on>hii]ine, Alaueliester. 

1883. *Brotherton, K. A Aithiirjton Hall, Whaifedale, via Ueed^. 

D»0l. t:i5rough, rM inielt 11., F.l.r., F.ti.S. 28 Aictoiia Street. S.W., and 
(h’anleigh IIon>e, near Ad<Ih‘^tone. Snne\. 

1883. * Brough, Alr.*^. Charles S. lIoNondale Hall, AVest Dulwich, S.K. 
1886. JBrongh, Professor Jo.^eph, LL.Al., Pnd’e^sur of Logic and Philosophy 
in University Colleg«n Abevv.stwith. 

1885. *Browott, Alfred." 21) AVheele\’s-road, Bivininghain. 

1863. *Bkown, Alex \xi>bu Orum. Al.D., LL.D., F.R.S., F.B.S.E., AMkC.S. 

(Pres. B, 1874; Local See. l87l), Professor of Chemistry in the 
University of Edinburgh. 8 Belgravtvcrescent, Edinburgh. 

1802. 4 Brown, Andrevv, M.Inst.O.E. Alessrs. Wm. Simons & Co., Renfrew 

near Cila-g^iw. 

1896. JBrowii, A. T. Tim Nunnery, St. Miehaers Hamlet, Liverpool. 
1867. JBrown, Sir Charles Oage>, M.1)., K.C.AI.O. 88 Sloaiie-street, S.AA^. 
1855. JBrown, Oolin. 192 Hope-street, Glasgow. 

1871. JBrown, David. AA'illowbrae House, Midlothian. 

1803. •Brown, Rev. Dixon. Unthank Halb Haltwhistle, Carlisle. 

1883, JBrown, Airs. Ellen F. Campbell. 27 Abercromby-square, Liverpool. 
1881. JBrown, Frederick D. 26 St. Giles's-street, Oxford. 

1883. JBrown, George Dransfield. Henley Villa, Ealing, Middlesex, W. 
1001 . B 
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1883. ^Brown, Mrs. IT. Bieuz. Focluibors, Movav^ihiro. 

1883. JBrown, ]Mrs. llel(*n. Canaan-^rove, NewibattUs-leiTuce, T !*■.!■. i*.rb. 
1870. §Buowi^, Horace T., Lli.l>., F.U.S., F.G.8. (Bros I!, 

32 Npv'erU“S(|uaro, S.W. 

Brown, Iliiirh. Brofidstonc, .V vr'^liiro. 

1883. IBrowri, Miss fsabolla S]>riii'jr. Gaiia'iii-^n-ovc, Ncwhatlle-toiTace, 
lAlinhuriij’li . 

1805. tBROWx, .1. Alt.en, .J.B., Rli.G.S., F.(J.S. 7 Kt*nt-<^ardons, 
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1870. *Br(>wn, Prc)r*“^.*(n- J. OAMruKLL, D.So., F.C.S. TTuivorsity (Joliege, 
Liverpool. 

1870. §Brown, .loiix (Locvl Secketvrv, 1002). r.jingliiirst, llunnmrrv, 
Belfast. 

1881. *BrowD, .TohiijvM.O. Stockbrlrlgt' House, Badisliam, Lancasbire. 

1882. *l?ro\vii, 7 Seeond-avenue, Noltinobnin, 

180.5. *Browii, John Cliarles. 2 Buker-str»H‘t, Xottinghani. 

1804. IBi’owii, .T. H. 0 (5iinl)ri(lge-roafl, Briiiliton. 

1882. Hlrown, Mrs. Maw. Stocklmdu'-*' IIoum', B.nJivhjnn, Lancashire. 
1808. §Brown, Nicol, F.G.S. 1 The (Trov<‘. Ilijfhgate, N. 

1897. f Brown, Price, M.B. .37 CivlIoK-.stivi t, Ton > 1110 , Canada. 

1886. §BrowR, 11., R.X. Laurel Bank, Barnhill, Poith. 

186.3. JBrowiijBalnh. Lunbton's Bank, Xe.v.castlc -iipon-Tyue. 

1807. |.Brown, lUcliard. .rurvi— '<trcet , 'Porontt), ( ’nnrida. 

1001. §Brown, K, X. R., B.vSc. Pinvtn-'-Oy Collei^o, Duiidoo. 

1806. i Brown, Stewart 11. (^uarr^ Bank, A^lel•^on, Liverpool. 

1801. §Browx, T. Foi{nti:ii, M.ln-it.CJ.F., F.H.S. ( Pn <. ( i, lSi>I ). (Unhl 

Hall (.Mnunhers, (Vn-difP. 

188.5. JBa;own, W. A, 'Pie* Court IIoum', Vl)(‘vdeen. 

]884. tBrown, William (leortre. T\v, Vlhemarle Yiruiiua, U.S.A. 

180.3. :J Browin', Sir Beniamin Cha])inan, .M.lii't.l MO. Westarres, New- 

easlk'-iqion-'Pvne. 

1000. §Brown(', In-ank B.iltour. Hohli^‘l«*a, BnnO’ne-, Scotland. 

1802. i /iro7r//c, TLiruld (U'V'ltimi, (Vludon^ 

1805. ^Browne, 11, 'P. Dtiiiglily. 10 Ihdo W. 

1870. JBiiowxi],Sir.r. t^ni<!irioy,M.J».,Jd4 '!)., P. ll.S., F.B.S.E. 61 Cailisle- 
placc'.-man'sions, \'ict<»ria-s1r. ct, S W. 

1801. iBnowxn, !Moxtam , P"(;.S. 'I'own Mns«uin, l^eicesl.'r. 

I^s62. *Browne, Roheit Cdavton, M.A. Bnmne.*. Hdl, C.iBow, Ireland. 
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1883. Jlirowninir, O-car, M.A. King's CVdlep*, C.imhridge. 

1802. IBruc*'*, .lames. 10 J fill-^tn e! , FdinhnvL^li. 

1001. Mlrnce, Iiiveralhm, 1 l«'lcn''hurMli. 

1803. i Bruce, William S. 11 ^foiint Pleasant, .loppa, Edinburgh. 

1000. *lirumm, (‘harles. Ijismara, Orosxeiior IIoa<l, Birkdale, South])ovt. 

186.3. *Brunel, H. M., M.Insl.C.E. 21 Delahay-street, Westminster, S.W. 
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1800. * Rrunnf r, Sir J. T., Bari., M.P. Dniid’s ( h-oss, Wnvertree, Liverpool. 
1868. L\tti)ER, M.l)., D.Sc., F.R.8. 10 Stratford-] dace, 
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1880. JHiiick, llcv. George B., M.A, Ciillyl)ackey, Co. Antrim, Ireland. 
180;>. §BrTiLi:n>, AuriitMi, FS.A. Glaslonhuiy. " 

1871. j Bulloelj, Alaltliew. 48 PriiieeV-gate, S.W. 
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1842. •Burd, .Inlin. Glen Lodge, Knoeknevea, Slice. 

1800. 1 Burden -(^ultts, Baroness. 1 Slratton-streot, Piccadilly, AV. 

1881. ] Burdetl-CkintN, William Lfliuiann, M.l'. 1 Sti*attoii-»t root, Picca- 
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1804. J.Burslall, H. F. AV. 70 King's-road, (^uuden-road, X'.W. 

1801. 1 1 hirt , .7 . J . 1 00 U< lalli-road, (.’anl i IT. 
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Dublin. 

1896. §Caraeron, Irving H. 307 Sberbourne- street, Toronto, Canada. 
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Cayley, l^klward S-o'i.._'!U-i-:. Wydale, Aliilton, Yorkshire. 

1883. JtUiadwick, James Percy. 61 Alexaudra-road, {Southport. 

1869, jChaluiers, John InglLs. Aldbar, Aberdeen. 

1883, jCliamberlain, George, J.P. ILdeiisholme, Birkdale Park, 

Southport. 

1884. J Chamberlain, Afontague. St. .John, New Brunswick, Canada. 

1883. tChambers, Airs, Bombay. 

1901. §Chamen, W. A. (J(i Purtickliill Uoad, Gla.sgow. 
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Portman-squaro, W, 

1900. §0heesman, W. Norwood. The Crescent, Selby, 

1887. tCheetham, F. AV. Limefield House, Hyde. 
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1884. I'Chipmnn, W. W. L. 957 Dovchesier-street, Montreal, Canada. 

1880. jChirney, J. W. !Morpetli. 
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J887. {Collie, J. Norman, Ph.D., F.R.S., Professor of Chemistry to the 
Pharmaceutical Society of Great Britain. 1 6 Cainpd(‘n-grove,W. 
1869. {Collier, W. F. AVoodtoAvn, Hori'ahridge, South Devon. 

1893, %(* 'V .■■■. W ’ter E. The ITniversity, Birmingham. 

1854. {' ■■: IN 'i. ■ CuTHRERT, M.A., M.B., F.L.S. 69 Great Russell- 
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1808. JCooKE, M. C., M.A. 53 Castle lload, Kentish Town, N.W. 
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1891. jCorhett, E. W. j\l. Y Fron, Pwllypant, CarditV. 
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1896. :j:CouRTNEV, Right Bon. IjEOxaud (Pres. F, 1896). 16 ( ’hey ne AValk, 

Chelsea, S.W. 
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1870. iDavidson, Alexander, M.I). 2 Gambier-terrace, Liverpool. 

1885. JDavidson, (-liarles B. Koundhay, Fonthill-road, Aberdeen. 
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1864. {Davis, Ciiai;les E., F.S.A. (Local Sec. 1864). 55 Pulteney-street, 

Bath. 

1882. {Davis, Henry (’. Berry Pomeroy, Springheld-road, Brighton. 
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1869. {Daw, Jolin. !Mount Radford, Exeter. 

1869. {Daw, R. R. 31. Bed lord-circus, Exeter. 

1860. •Dawes, John T. The Lilacs, Prestatvn, North Wales. 

1864. {Dawkins, W. Boyd. D.Sc., F.ICS., F.S.A., F.G.S. (Pres. C, 1888 ; 
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1886. J Dawson, Bernard. The l^aurels, 31alvern Link. 

1891. {Dawson, Edward. 2 Windsor-place, Cardiff. 
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Oxford. 

1885. JDickson, Patrick. Laurencekirk, Aberdeen. 

1883. T. A. West Clijf, Preston. 

1862. *Dilke, The Bight Hon. Sir Charles Wentworth, Bart., 31. P., 
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1801. t Dobson, ( K Alkali and Ammonia ^Vork■^, ('ardiff. 
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G.C.S.I., F.R,S., F.R.G.S. (Pres. F, 1867, 1881 ; Council 1868, 
1892-98) 11 Chelsea-embankment, S.W. 
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mew House, E.C. 
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1884. §Dunnington, Prof. F. P. University of Virginia, Charlottesville, 
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1893. *Dimstan, M. J. R. Sutton Bonington, Loughborough. 

1891. jDunstan, Mrs. Sutton Bonington, Loiighboroiijli. 
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Glasgow. 

1869. *Dymond, Inward E. Oaklands, Aspley Guise, Bletchley. 

1896. §Dymond, Thomas S., F.C.S. County Technical Laboratory, Chelms- 
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1868. JEade, Sir Peter, M.D. Upper St. GilesVstreet, Norwich. 
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1874. JEason, Charles. 30 Kemlworth-square, Ratligar, Dublin. 

1899. §East, W. II. Municipal School of Art, Scic^nce, and Technology, 
Dover, 
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1883. j Eastwood, Miss. Littleover Grange, Derby. 
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1884. JEckersley, W. T. Standish Hall, Wigan, Lancashire. 

1861. JEcroyd, William Farrer. Spring Cottage, near Burnley. 

1870. ^Eddison, John Edwin, M.D., M.R.C.S. The Lodge, Adel, Leeds. 
1899. ifEddowes, Alfred, M.D. 28 Wimpole-street, VV. 

•Eddy, James Ray, F.G.S. The Grange, Carleton, Skipton. 

1887. |Ede, Francis J., F.G.S. Silchar, Cachar, India. 

1884. *Edgell, Rev. R. Arnold, M.A., F.C.S. The College House, 
Leamington. 
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1884. *F]dmunds, James, M.D. 4 Chichesler Terrace, Kemp Town, 

Brighton. 

1883. JEdmunds, Lewis, D.Sc., LL.B., F.G.S. 1 Garden-court, Temple, E.C. 
1899. § Edwards, E. J. 2 Dafforne Road, Upper Tooting, S.W. 

1884. ^Edwards, W. F. Niles, Michigan, U.S.A. 

1887. •Egerton of Tatton, The Right Hon. Lord, Tatton Park, Knutsford. 
1001. §Eggar, VV. D. Eton College. 

1896. :|:F^kkert, Miss Dorothea. 05 Upper Parliament-street, Liverpool. 
1876. j Elder, Mrs. 6 Claremont-terrace, Gla-sgow. 

1890. §Elford, Percy, St. John’s College, Oxford. 

1886. *Elgar, Francis, LL.D., F.R.S., F.R.S.E., M.Inst.C.E. 113 Cannon- 
street, E.C. 

1901. •Elies, Miss Gertrude L. Newnhnm College, Cambridge. 

1883, JEllington, Edward Bayzand, jM.Inst.O.E. Palace-chambers, Bridge- 
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1891. JElliott, A. C.jD.Sc., Professor of Engineering in University College^ 

Cardiff. 2 Plasturton-aveniie, Cardiff. 

1883. •Elliott, Edwin Bailey, M.A., F.R.S., E.R.A.S., Waynflete 

Professor of Pure Mathematics in the University of Oxford. 
4 Bard well-road, Oxford. 

Elliott, John Fogg. Elvet Hill, Durham. 

1886. JElliot, Thomas Henry, C.B., F.S.S. Board of Agriculture, 
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Toronto, Canada. 

EUman, Rev. E. B. Berwick Rectory, near Lewes, Sussex, 

1887. JElmy, Ben. Congleton, Cheshire. 

1862. JElphinstone, Sir H. W., Bart., M.A., F.L.S. 2 Stone-buildings, 

Lincoln’s Inn, W.C. 

1899. •Elvery, Miss Amelia. The Cedars, Maison Dieu-road, Dover. 

1901. c 
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1869. *Enys, John Davis. Enys, Peiiryn, Cornwall. 

1804. §Erskine-^ I array, James. University College, V ' 
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1887. *PiStcuurt, 1*. A., l.C.S., Seymour House, Seyinour Str(*(*t 

Manchester. ‘ ' 


JEtheridue, R., F.R.S., F.R.S.E., F.G.S. (Pres. 188>1 
14 Gariy le-square, S.W. 
t Etheridge, Mrs, 14 (kirlyk^square, S.W. 

§Ettei>lMiiik, John. (W of 3ressrs. Dalgcdy tS: (.'o., 52 Lombard 
Street, E.C. 

tEunson, Henry J., F.G.S., Assoc.M.Inst.C MO. Viziaiiagraiu, Madras. 
JEvans, Alfred, M. A., M.B. Poni^ pridd. ' 

*Evans, a. II,, M.A. 9 Ilarvey-road, Cambridge. 

*Evans, Mrs. Alfred \V. A. Lyndhurst, Upper Oliorlt on-road, 
Whalley Range, ^lanchester. 

♦Evans, Arthur John, 31. A., F.R.S., 1\S..V. (Pro. II, 1890). 

Youlbury, Abingdon. ' 

♦Evans, Rev. Charles, 31. A. Park>fone, Dorset. 

§Evaus, Edward, jun. Spital Old Hall, Bromborougli, ( Jhesliire. 
JEvans, Franklen. Llwynarthen, Csstleton, Uanlili*. 

1 J'^vans, Henry Jones, t ireenhill, Whitchuvcli, ('ardiff. 


Kernel Hempstead. ’ 

, *Evans, Lady. Nash Mills, Ilemol Hempstead. 

JEvans, Jonathan L. 4 Lit field-place, Clifton, Bristol. 

JEvans, Lewis. Llanfyrnach, R.S.O., Pouibrokeshire. 

♦Evans, Percy Baguall. The Spring, Kenilworth. 

JEvans, Serastian, 31. A., EL.D. 15 Waterloo-crescent, Do>er. 
JEvans, Mrs. 16 Wiiterloo-cresiieiit, Dover. 

XI*Jvans, Sparl’p, 3 Apdetj-road, Clifton, Bristol, 

♦Evans, AVilliam. The Sjiring, Kenilworth. 

JEvan-Tlioinas, C., J.P. The Gnoll, Neath, Glamorganshire. 

tEve,A. S. M- Ji College, Wilts. 

tEre, II, W'^eston, M.A, .17 Gordon Square, W.C. 

’Evbrbtt, J. I)., M.A., D.C.L., F.R.S., F.R.S.E. 11 Leopold Road, 
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1874, jGlover, George T. Corby, Hoylake. 

Glover, Thomas. 124 Manchester-road, Southport. 

1870. JGlynn, Thomas R., M.D. 62 Rodney-street, Liverpool. 

1872. jGoDDARD, Richard. 16 Booth-street, Bradford, Yorkshire. 

1899. §Godfrey, Ingrain F. Brook House, Ash, Dover. 

1886. JGodlee, Arthur. The Lea, Jlar borne, Birmingham, 

1887. jGodlee, Francis. 8 Minsball-street, Manchester. 

1878. *Godlee, J. Lister, 3 Clarence-terrace, Regent’s Park, N.W. 

1880. tGoDMAN, F. Du Cane, D.C.L., F.R.S., F.L.S., F.G.S. 10 Chandos- 

street, Cavendish-square, W. 

1883. ifGodson, Dr. Alfred. Cheadle, Cheshire. 

1862. t Godwin, John. Wood House, Rostrevor, Belfast. 

1879. ^Godwin- Austen, Lieut.-Oolonel H. H., F.R.S., F.G.S., F.R.G.S. 

F.Z.S. (Pres. E, 1833). Shalford House, Guildford. 

1876. JGoff, Bruce, M.D. Bothwell, Lanarkshire. 

1898. jGoldney, F. B. Goodnestone Park, Dover. 

1881. JGoldsohmidt, Edward, J.P. Nottingham. 

1886. JGoldsmiD; Major-General Sir F. J., K.O.S.I., C.B., F.R.G.S, 
(Pres. E, 1886). Godfrey House, Hollingbourne. 

1899. )Gomme, G, L., F.S.A. 24 Dorset-square, N.W. 

1890. ’“Gonner, E. C. K., M.A. (Pres. F, 1897), Professor of Political 
Economy in University College, Liverpool. 
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1884. JGood, Charles E, 102 St. Francois Xavier-street, Montreal, 
Canada. 

1852. jGoodbody, Jonathan. Clare, King’s County, Ireland. 

1878. :|;Goodl)ody, Jonathan, jim. 50 Dame-street, Dublin. 

1884. JGoodbody, Robert. Fairy Hill, Blackrock, Co, Dublin. 

1885, ^Goodman, J. D., J.P. Peachlield, Iklgb.i-tn:'., Birmingham. 

1884. ’•Goodridge, Richard E. W. Lupton, Michigan, U.S.A. 

1884. J Goodwin, Professor \V. L. Qiieeirs University, Kingston, Ontario, 

Canada. 

1885. iGordon, Rev. Cosmo, D.D., F.R.A.S., F.G.S. Cliotwynd Rectory, 

Newport, Salop. 

1871. ^Gordon, Joseph Gordon, F.C.S. Queen Anue*s Mansions, West- 
minster, S.W. 

1893. JGordon, Mrs. 31. M., D.Sc. 1 Rubi.^^law-lerriice, Abei-deen. 

1884. "^Gordon, Robert, 31.1nst.C.E., F.U.G.S. Fairview, Durtinuiitli, 

Devon. 

1809. §Gordon, T. Kirkman. 15 TLnnpdeii Street, Nottingham. 

1885. JGordon, Rev. William. Bratnnar, N.R. 

1805. IGorh, Georoe, LL.D., F.R.S. 20 h'asy-row, Thrininirhaiii. 

1001. §Gokst, Right lion. Sir Joiix E., 31.A., K.C., 3I.P., F.U.S. (Pre.s. L, 
1901). (iiieen Anne’.s 3r{insu)Ds, S.W. 

1875. "^Gotcii, Francis, M.A., B.Sc., F.U.S. (Council, 1901 ). Pro- 

fessor of Pliysiolojry in the University of Oxford. The Lawn, 
Banbury -road, Oxford. 

1873. JGott, Charles, 3I.In8t.C.E. Parkfield-voad, Mauningbam, Bradford, 
York.shire. 

1840. tGoiigh, The lion. Frederick. Perry Hall, Binninerharn. 

1881. JGpngh, Rev. Thomas, B.Sc. King Edward’s School, Retfor<i. 

1894. {G()iilcl, G. 31., 31. D. lit) South 17th-stre(‘t, Philadelphia, U.S.A. 
1888. IGouraud, Colonel. Gwydyr 31 ansioiis, Hove, Sussex. 

1001. gGouRLAY, Robukt. Glasgow. 

1807. JGoLirley, Ileiu’v (Engineer). Dundee. 

19t)l. §Gow, Leonard. Hayatoii, Kelv inside, Glasgow. 

1876. l^Gow, Robert. Oairndowan, Dowanliill Gardens, Glasgow. 

1883. §Gow, 3lrs. Calnulowan, Dowanliill Gardens, Glasgow. 

1873. §Goyder, Dr. D. 3rarley House, 88 Great II or ton-road, Bradford, 
Yorkshire. , ^ 

1886. tGrahham, 3lichael C., 31.1). Madeira. 

1001. §Graham, Robert. ]5e5 Nithsdale Road, Polloksliields, ( ilasgow. 

1875. JGraiiame, James (Local Sec. 187(>). 12 St. Vinrent-slreet, Glasgow. 
1892. jGrange, C. lamest. 57 Berners-street , l]).swich. 

1803. ^Granger, Professor F. S., 31. A., D.Litt. 2 Cranmi'r-street, 

Nottingham. 

189G. JGraiit, Sir James, K.C.3L(J. Ottawa, C-aiiada. 

1892. JGrant, W. B. 10 Ann-street, Edinburgh. 

•1864. jGrant ham, Richard F., M.Tnst.C.E., F.G.S. Northumberland-cham- 
bers, Northuaiborlaiid-aveniie, W.(k 
1881. |Gray, Alan, TjL.B. 3linater-yard, York. 

1890. IGray, Albert Alexander. 10 Berkeley-terrace, Glasgow. 

1890, JGray, Andrew, 31. A., LL.D., F.R.S., F.R.S.E., Professor of 
Natural Philosophy in the University of Glasg-ow. 

1800. JGray, Charles. 11 Portland-place, W. 

1864, *Gray, Rev. Canon Charles. West Retford Rectory, Retford. 

1876. Newton-terface, Glasgow. 

1881. jGray, Edwin, LL.B. Minster-yard, York. 

1893. t^ray, J. C., General Secretary of the Co-operative Union, Limited, 

Long Millgate, Manchester. 
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1892. *Gray, James Hunter, M.A., IJ.Sc. 
S.W. 


141 lloxitoii Hoad, Streatham, 


1870. to ray, .7. Macfarlane. 4 Ladbroke-c rescent, W. 

1892, §Oray, John, 17. Sc. 351 (Joldharboiir-lane, Brixton, S.W. 

1887 . IGray, J ose]»li W., F.G.S. St. Elmo, Leckliamx)t on-road, Clicltenliam. 

1887. t^^ray, M. 11., F.G.S. Lessness Park, Abljey Woud, Kent. 

1880. •Gray, llokeri Kaye. Lessnews Park, Abbey Wood, Kent. 

1001. §Gra3’, P. W. 7 Grine Court, Bayswnter, \V. 

1881. jGray, Tliomas, Pnjfesjsor of Eiigineernifr in tbe Bane Tecbnical 

Institute, Terre Haute, Indiana, U.S.A. 

1873. JGray, Williain, M.B.l.A. Gleiiburn Park, Belfa.st. 

•Gray, (Jolonel William. Farley Hall, near Beading*. 

1883. t(iray, William la*\vis. Westmoor Hall, Brimbdown, Middlesex. 

1883. {Gray, Mrs. W. L. Wt‘stnioi)r Hall, Brimsdown, Middlesex. 

1880. jOreaney, Bev. William. Bl«bopV House, Batli-str“et, Birmingham. 
1800. §Greaves, Cliarlt b Aiigustm*, M.B., LTj.B, 84 Friar-gate, Derby. 

*Greaves, Mrs. Klizabetli. Station-street, Nottingham. 

1800. jGreaveH, William. Station-street, K*)! I ii,;. I -a in. 

1872. JOreaves, AVilliain. 33 Marl borough-place, N.W. 

1872. *Gre('e, (Uair .1., Ll.i.1). 110 Station Hoad, Uedbill, Surrey. 

1001. §GnM‘n, 111. 1 Iri*!..- Hendon, Ni\V. 

1888. §ORr.nN, J. lii.i ^■«l M.A., D.Se., F.U.S., F.L.S., Professor of 

Botany to the Pharmaceutical Society of Great Britain. 
01 a St. An(lre\\s Stre*^!., Cambridge. 

1887. \Grooue, Ftioae, 102 »S'. TF. 

1882. JGhlknuill, A. (F, M.A., F.B.S., Professor of Mathematics in the 

ItoVal Artillery (killege, Woolwich. 10 New Inn, W.O. 

1881. fOreenhongli, Edward. ^Matlock Bath, Derbyshire. 

1884. Thonia.-!, F.C.S. 20 New-st re et, Dorset -s(|uaTe, 

1808. •(iur.ENLY. I0i)>\ vitn. Achnashean, near Bangor, North Wales.^ 
1884. IGreenshields, E. B. Mtnitreal, Canada, 

1884. ]Oivensliu*lds, Samuel. Montn^al, Canada. 

1887. fGroenwell, G. C., jnn. BeerhiioUl, l*ovnlon, Cheshire. 

1803, ’IGreenwell, G. E. l^oynton, ( lieshire. 

1800. BJriMMiw’Ood, Arthur. (Javeiuiisli-road, Leeds. 

1875,. B »reenw(jod, F., .M.B. Bianinloii, CbeM(‘rlield. 

1877. \ (trerutntod y llolmvti. 7^ Kimf Street ^ 

1887. lOreenw'ond, W.. II., M.Insl.(\E. Adclerley Park Bolling jMills, 
Birininghum. 

1887. •Greg, Arlliur. J'agley, near Bolton, Lar.cabliire. 

1801. *Gkkg, Bobekt Philips, E.G.S., F.B.A.S. Coles Park, Bunting- 

ford, Herts. 

180 4. *(Dnx;ouv, Profes.sor J. Walter, D.Se., F.IhS., F.G.S. Melbourne, 
Australia. 

1800. *Gregory, B. A. 10 Westtwer Boad, Wandsworth Common, S.W 

1883. {Gr(‘gaon, (L K, Bibble View, Preston. 

1881. tGregson, William, F.G.S. Baldevsbv, S.O.y Yorkshire. 

1850. IGrierson, Tjiomas Boyle, M.D. Thornhill, Dumfriesshire. 

1878. tGriilin, Bobert, M.A., LL.D. Trinity College, Dublin. 

1830. Gritlin, S. F. Albion Tin Works, Yhrk-road, N. 

1804, *Griflitli, C. L. T., As.aoc.M.lnst.C.E. Portland Cement Co. 

Demopolis, Alabama, l\S.A. 

1859: •Griffith, G. (Assistant tfENERAt Secretary, 1SG2~78, 1800- 
Sec. 1881 ; Local Si^c. IHtiO). C611ege-road, Harrow, Middlesex 

1884. tGuTFPiTiiB, E. IL, M.A., F.B.S. University College, Cardiff. 

1884. tGvilliths, Mrs. \Jniversity College, Cardiff. 

1891. tGrilliths, P. Bhys, B.Sc., M.B. 71 Newport-road, Cardiff. 
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1847. JGriffitlis, Thomas. The Elms, Harborne-road, Edgbaston, Bir* 
ininprhnm. 

1870. tGrimsdale, T. F., M,D. Iloylake, Liverpool. 

1888. *Grimshaw, James Walter, M.InstO.E. Australian Club, Sydney, 
New South Wales. 

1884. JGrinnell, Frederick. Providence, llhode Island, U.S.A. 

1894. JGroom, Professor P., INI. A., F.L.S. Hollywood, Egbam, Surrey. 
1894. §Groom, T. T., D.Sc. The Poplars, Hereford. 

1896. JGrossmaiin, J)r. Karl. 70 Uodnoy-street, Liverpool. 

1892. JGrove, Mrs. Lilly, F.R.G.S, Hinson College, Birmingham. 

1891. jGrover, Heury Llewelliii. Clydach Court, Pontypridd. 

1863. •Groves, Thomas B. Broadley, We.>terhall-road, Weymouth. 

1869. tGRUBB, Sir Howard, F.U.S., F.K.A.S. 61 Kenilworth -square, 

Hathgar, Dublin. 

1897. JGninbaum, A. S., M.A., ^Nl.D. 46 Ladbroke Grove, W. 

1897. JOriinbaum, O. F. F., B.A., D.Sc. 46 Ladbroke Grove, W. 

1886. jGrundy, John. 17 Private-road, INlapperley, _-bam. 

1891. :t^Grylls, W. London and Provincial Bank, Carditf. 

1887. JGtjillemard, F. IL II. Elthaui, Kent. 

Guinness, Henry. 17 College-green, Dublin. 

1842. Guinness, lUcliard Seymour. 17 (\»lb'gc-green, Dublin. 

1891. t Gunn, Sir Jolin. Llandaff House, J^Iandalf. 

1877. ^Gunn, William, F.G.S. Ollice of the Geological Survey of Scot- 
land, Slierilfs Court House, F-r- ’ 1 

1866. JGunther, Albert C. L. G., ^LA., M.D., Ph.D., F.R.S., Pres.L.S., 
F.Z.S. (Pros. I), 1880). 22 JJchfield-road, Kew, Surrey. 

1804. JGiinther, R. T. Magdalen College, Oxford. 

1880. §Gupp 3 % John J. Iv 3 ^-plact\ High-htreel, Swansea. 

1883. :l.Guthrie, Malcolm. PrinceVroad, JJverpool. 

1896. JGuthrio, Tom, B.Sc. Yorkshire College, l..eeds. 

1876. iGwYTHER, 11. F., M.A. Owens College and 33 Heaton Road, 
AVithington, Manchester. 


1884. jHaanel, E., Ph.D. Cobourg, Ontario, ('aiiada. 

1884. ^Hadden, Captain C. F., R.A. Woolwich. 

1881. •Haddon, Alfred Cokt, M.A., F.R.S., F.Z.S, luisfail, llills-road, 
Cambridge. 

1842. Hadfield, George. Alctoria Park, Manchester. 

1888. •Hadiield, R. A., AI.Iiist.C.E. The Grove, Endclille Vale-road, 
Shemeld. 

1892. JHaigli, E., M.A. T.oiit/t>Di. Staffordshire. 

1870. JHaigh, George. 2V I ligliiii-lil South, Rockferry, Cheshiro. 

1870. JIIake, II. Wilson, I'h.D., F.C.S. Queeiiwood College!, Hants. 
1899. §ElalI, A. I). South-Eastern Agricultural College, Wye, Kent. 

1879. •Hall, Ebenezer. Ahbejdale Ibirk, near Shellield. 

1881. JHall, Frederick Thomas, F.li.A.S. 16 Gray’s Inn-square, W.C. 
1864. HTall, Hugh Fergie, F.G.S. Cowley House, Headingloii Hill, 
Oxford. 

1898. §Hall, J. P. 4’he ‘ Tribune,’ New York, U.S.A, 

1899. §Hal], John, ALD. National Bank of Scotland, 37 Nicholas-lane, E.C. 

1885. §nall, Samuel, F.I.C., F.(XS. 19 A herd eon-park, Highbury, N. 
J900. tGall, T. Farmer, F.R.G.S. 39 Gloucester Square, Ilydo Park, AV. 
1896. 1 Hall, Thomas B. Larch AVood, Rockferry, Cheshire. 

1884. j_Hall, Thomas Proctor. School of Practical Science, Toronto, 
Canada. 

1890. I Hall-Dare, Airs. Caroline. 13 Great Cumberlaud-place, AV. 
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1891. *IIallett, George. Cranford, Victoria-road, Penartli, Glamorganshire. 

1891, §Hallett, J. H., M.Inst.O.E. Maindy Lodge, Cardiff. 

1873. T. G. P., M.A. Olaverton Lodge, Bath. 

1888. §HALLn3TJKTON, W. D., M.D., F.R.S. (Council 1897- ), Professor 
of Physiology in King’s College, London. Church Cottage, 17 
Marylebone-road, W. 

Halsall, Edward. 4 Somerset-street, Kingsdown, Bristol. 

1858. *Hambly, Charles Hamhly Burbridge, F.G.S. Fairley, Weston, Bath. 

1883. ’•Hamel, Egbert D. de. Middleton Hall, Tamworth. 

1885. f Hamilton, David James. 41 QueenVroad, Aberdeen. 

1902. §§Hamilton, Rev. T., D.D. (ViCR-PRESinimT, 1902). Belfast, 

1881. * Hammond, Robert. 64 Victoria-street, Westminster, S.W. 

1899. ’•Hanbury, Daniel. La Mortola, Vimtimiglia, Italy. 

1892. fllanbury, Thomas, F.L.S. La Mortola, Ventimiglia, Italy, 

1878. jllance, Edward M., LL.B. Municipal Offices, Liverpool. 

1876. ^Hancock, C. F., M.A. 125 Queen’s-gate, S.W. 

1897. t Hancock, Harris. University of Chicago, IJ.S.A. 

1861. tHancock, Walter. 10 Upper Chad well-street, Pentonville, E.O. 
1890. jlTankin, Ernest Hanbury. St. John’s College, Cambridge. 

1884. JHannaford, E. P., M.Inst.C.E. 2573 St. Catherine-street, Montreal. 
1894. §IIannali, Robert, F.G.S. 82 Addison-road, W. 

1880. §Hansford, Charles, J.P. Englefield House, Dorchester. 

1859. *HARCOTrRT, A. G. Vernon, M.A., D.C.L., LL.D., F.R.S. , V.P.C.S. 

(Gen. Sec. 1883-97; Pres. B, 1875; Council 1881-83). 
Cowley Grange, Oxford. 

1890. HTarcourt, L. F. Vernon, M.A., M.Inst.C.E. (Pres. G, 1895; 
Council 1895-1001). G Queen Anne’s-gate, S.W. 

1900. §Harcourt, Hon. R., K.(h, Minister of Education for the Province of 

Ontario, Toronto, Canada. 

1886. *Hardcastle, Basil W., E.S.S. 12 Gainsborough-gardens, Hampstead, 

N.W. 

1892. ^Harden, Arthur, Ph.D., M Sc. Jenner Institute of Preventive 
Medicine, Chelsea Gardens, Grosvenor Road, S.W. 

1877. JHardiug, Stephen. Bower Ashton, Clifton, Bristol. 

1869. fllarding, William D. Islington Lodge, King’s Lynn, Norfolk. 

1894. JHardman, S. C. 225 Lord-street, Southport. 

1894. f Hare, A. T., M.A. Nestoii Lodge, East Twickenham, Middlesex. 
1894. JHare, Mrs. Ncston Lodge, East Twickenham, Middlesex. 

1898. fllarford, W. H. Oldown House, Almondsbury. 

1858. jHargrave, James. Burley, near Leeds. 

1883. j Hargreaves, 3Iiss H. M. 69 Alexandra-road, Southport. 

1883. jlTargreaves, Thomas. 69 Alexandra-road, Southport, 

1890. jllargrove. Rev. Charles. 10 De Grey-terrace, Leeds. 

1881. JHargrove, William Wallace. St, Mary’s, Bootham, York. 

1890. ’•Harker, Alfred, M. A., F.G.S. St. John’s College, Cambridge. 
1896. JHarker, Dr. John Allen. Springfield House, Stockport. 

1887. JHarker, T. H. Brook House, Fallowfield, Manchester. 

1878. *Harkness, H. W., M.D. (California Academy of Sciences, San 

Francisco, California, U.S.A. 

1871. JHarkness, William, F.C.S. 1 St. Mary’s-road, Canonbury, N. 

1876. ■•Harland, Rev. Albert Augustus, M.A,, F.G.S., F.L.S., F.S.A. The 

Vicarage, Harefield, Middlesex. 

1877. ^Harland, Henry Seaton. 8 Arundel-terrace, Brighton. 

1883. ’•Harley, Miss Clara. Rosslyn, Westbourne-road, Forest Hill, S.E. 
188Su *Harley, Harold. 14 Chapel-street, Bedford-row, W.C. 

1862. *Harley, Rev. Robert, M.A., F.R.S., F.R.A.S. Rosslyn, West- 

bourne-road. Forest Hill, S.E* 
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1S99. jHarman, Dr. N. Bishop. St. John’s College, Cambridge. 

1868. *Harmer, F. W., F.G.8. Oakland House, Cringleford, Norwich. 
1881. *Harmer, Sidney F., M.A., D.Sc., F.R.S. King’s College, Ciim- 
bridge. 

1872. JHarpley, Rev. William, M.A. Clayhanger Rectory, Tiverton. 

1884. JHarrington, B. J., B.A., Ph.D., F.G.S., Professor of Chemistry and 

Mineralogy in McGill University, Montreal. University-street, 
Montreal, Canada. 

1888. ^Harris, C. T. 4 Kilburn Priory, N.W. 

1842. ^Harris, G. W,, M.Inst.C.E. Millicent, South Australia. 

1889. §Haiiiiis, II. Graham, M.Inst.C.E. 6 Great George-street, West- 

minster, S.W. 

1898. JHarrison, A. J., M.D. Failand Lodge, Giithrie-road, Clifton, 
Bristol. 

1888. JHarrison, Charles. 20 Lennox-gardens, S.W. 

1860. JHarrison, Rev. Francis, M.A. North Wraxall, Chippenham. 

1889. JHarrison, J. C. Oxford House, Castle-road, Scarborough. 

1858. ^Harrison, J. Park, M.A. 22 Connaught-street, Hyde Park, W. 
1892. JHarrison, John (Local Sec. 1892). Rockville, Napier-road, 
Edinburgh. 

1870. JHarrison, Reginald, F.R.C.S. (Local Sec. 1870). 6 Lower 

Berkeley-street, Portman-square, W. 

1853. tHarrison, Robert. 36 George-street, Hull. 

1892. tHarrison, Rev. S. N. Ramsey, Isle of Man. 

1895. tHarrison, Thomas. 48 High-street, Ipswich. 

1901. ^Harrison, W. E. 43 Mostyn Road, Handsworth, Staffordshire. 
1886. tHarrison, W, Jerome, F.G.S. Board School, Icknield-street, Bir- 
mingham. 

1885. tHart, Col. C. J. Highfield Gate, Edgbaston, Birmingham. 

1876. ■*‘Hart, Thomas. Brooklands, Blackburn. 

1876. tHart, W. E, Kilderry, near Londonderry. 

1893. *Hartland, E, Sidney, F.S.A. Ilighgarth, Gloucester. 

1897. tHartley, E. G. S. Wheaton Astley Hall, Stafford.- 

1871. ^Hartley, Walter Noel, F.R.S., F.R.S. E., F.O.S., Professor of 

Chemistry in the Royal College of Science, Dublin. 36 Water- 
loo-road, Dublin. 

1896. tHartley, W. P., J.P. Aintree, Liverpool. 

1886. “^Hartoo, Professor M. M., D.Sc. Queen’s College, Cork. 

1887. tHARTOG, P. J., B.Sc. Owens College, Manchester. 

1897. t Harvey, Arthur. Rosedale, Toronto, Canada. 

1898. tHarvey, Eddie. 10 The Paragon, Clifton, Bristol. 

1886. §Harvie-Brown, J. A. Dunipace, Larbert, N.B. 

1862. *Harwood, John. Woodside Mills, Bolton-le-Moors. 

1884. fHaslam, Rev. George, M.A. Trinity College, Toronto, Canada. 
1893. §Haslam, Lewis. 44 Evelyn-gardens, S. VV. 

1875. ^Hastings, G. W. Elm Lodge, Dartford Heath, Bexley, Kent. 
1889: tHatch, F. H., Ph.D., F.G.S. 28 Jermyn-street, S.W. 

1893. tHatton, John L. S. People’s Palace, Mile End-road, E. 

1887. ^Hawkins, William. Earlston House, Broughton Park, Manchester. 

1872. *Hawkshaw, Henry Paul. 58 Jermyn-street, St. James’s, S.W. 
1864. *Hawkshaw, John Clarke, M.A., M.Inst.C.E., F.G.S. (Council 

1881-87). 22 Down-street, W., and 33 Great George- 

street, S.W. 

1897. §tlawksley, Charles. 60 Porchester-terrace, W. 

1884. •Haworth, Ahraham. tiilston llouse, Altrincham. 

1889. tHaworth, George C. Ordsal, Salford. 

1887. *Ha worth, Jesse. Woodside, Bowdon, Cheshire. 
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1887. JHawortli, S. E. Warsley-mad, Swinton, Manchester. 

1886. XHaworfh^ 7\ J. AUtert Cottage y Saltlegy Binniagham, 

1800. J. N. Stiii’die House, Uoundhay-road, Leeds. 

1861. *I1ay, Admiral the Rij^ht Hon. Sir Jon's C. 13. Bart., K.O.B., 
1).(\L., F.R.S. lOH 8t. Geor^o’s-sqiiare, 8.W. 

1885. ♦IIayciukl’, John Bekky, M.I)., li.Sc., F.R.S.E., Professor of Physi- 
olog’v, Uiii\ei\sity College, Oardilf. 

1891. Jllayde, Rev. J. St. Peter’s, Oardilf. 

1900. §Hayden, H. H. (Jeological Survey, Calcutta, India. 

1804. |llaye'<, Edward Ihirold. 5 Rawl in '^on-road, Oxford, 

189(). fJlayes, Rev. F. ( ‘. The Rectory, Ralieuy, h>ubliii. 

1S06. t Hayes, Willinni. Fernyliurst, Rathgar, Dublin. 

187il. *Hayes, Rev. William A., M.A. Dromore, Co. Down, Ireland. 

1898. lllayman. A. Kingston Villa, Richmond Hill, Clifton, Bristol. 
1858. *Hay>vaud, R. B., M.A., F.R.S. Ashcombe, Shankhn, Isle of Wight. 

1890. *Haywood, A. G. Rearsby, Merriloeks-road, Hlundtdisands. 

1879. *Ilazelhurst, George S. The Grange, Rocklerry. 

1888. llfea<lley, F><‘derick TIaleombe. Manor linuse. Petersham, S.W. 
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Harrow. 

1880. ).Alills, Alansleldt H., M.ln-^t.C.E., F.G.S. Sherwood Hall, Mans- 
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1887. {Morton, Percy, 31. A. Illtyd House, Brecon, South AVales, 

1886, *Mortoii, P. F. 15 Aslih'v JMace, Westminster, S.W. 
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1880. JMullor, Hugo M. 1 Griinanger-gasse, Vienn.a. 

1897. j Mullins, W. E. l^reshute House, Marlboroiigli, Wilts. 
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(Natural History), South Kensington, S.W. 

1859. tMurray, John, M.D. FoiTes, Scotland. 

1884. TMurray, Sir John, K.C^n.,LL.D., Ph.D., F.R.S., F.R.S.E. (Pres. E, 
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1883. lAVelsh, Aliss. Girton (bllege, (biubridgt*. 

1881. *Wenlock, The Riglit Hon. Lord. Escrick Lark, A'orkshire. 

AVentworth, Frederick AA^. T. A'ernoii. AVentworth Castle, near 
Barnsley, A^orkshiro. 
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1874. J Whitaker, Henry, M.l). Fortwilliaui Terrace, Belfast. 

1883. •Whitaker, T. AValton House, Burlev-in-WTiarfedale. 

1859. •Whitaker, AVilliam, B.A., PAR.S., F.Q.S. (Pres. C, 1895; 
Council 1^90-06.) Freda, Campden-voad, Croydon. 

1884, fWhitcher, Arthur Henry. Dominion Land.s Office, AVinnipeg, 

Canada. 

188G. \ VVhitcomlie, E. B. Borough Asylum, AATnson Green, Birmingham. 
1807. iAA^hitcombe, George. The Wotton Elms, Wotton, Gloucester. 

188G. jAVhite, Alderman, J.P. Sir Ilarry’s-road, Edgbaston, Birmingham, 

1876. lAV^hite, .\ngiis. Easdale, Argyllshire. 

1886. lAVTiite, A. Silva. 47 Clanricarde-gardens, AA". 

1898. f White, George. Clare-street House, J Bristol. 

1882. [White, liev. George C’(‘cil, M.A. Nutshalling Rectory, South- 

ampton. 

1885. •AVhite, J. Martin. Balrudderv, Dundee. 

1873. 1 AVhite, John. Alediiia Docks, Cowes, Isle of AATght. 
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1893. ^AVhiloley. R. Lloyd, F.C.S., 80 Beoches-road, AVest 

Bromwich. 

1881. fAATiitfield, John, F.C.S. 113 AA’estborougli, Scarborough. 

1852. X Whitlay Valent iu(\ Beneden, Belfast, 

1900. §AVhitley, E. N. Heath Royde, Halifax. 

1891. §Whitmell, Charles T., M.A., B.Sc. Invermay, Ileadingley, Leeds. 

1896. §AVhitney, Colonel C. A. The Grange, Fulwood Park, Liverpool. 
J897. f Whittaker, E. T., M.A. Trinity College, Cambridge. 

1901. §Whitton, James. City Chambius, Glasgow. 

1867. •AA^hitty, Rev. John Irwine, M.A., D.O.L., LL.D. Alpha ATlla, 
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1886. JWills, A. W. Wylde Green, Erdington, Birmingham. 

1898. i Wills, H. II. Barley Wood, Wrington, R.S.O., Somerset. 

1899. § Willson, George. The Rosary, Wendover, Tring. 

1899. §Willson, Mrs. George. The Rosary, Wendover, Tring. 

1880. J Wilson, Alexander B. Holy wood, Belfast. 

1901, § Wilson, A. Belvoir Park, Newtownbreda, Co. Do\\n. 

1878. t Wilson, Professor Alexander S., M.A. , B. Sc. Free Church Manse, 
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Heidelberg Uiiiversit}" Library. 

Helsingfors Univer.sity Library. 

Jena U ni\ ersi ty Library. 

Kazan, Russia ...University Library. 

Kiel Royal Observatory. 

Kiev U niversi ty Library . 

Lausanne The University. 

Leyden University Library. 

Liege University Library. 

Lisbon Academia Real des 

Scienee>. 


Idilan The Institute. 

Modena Royal Academy. 

Moscow Society of Naturalist®. 

University Library. 

Munich University Library. 

Naples Royal Academy of 

Sciences. 

Nicolaieflf University Library. 

Paris Association Fran^aise 

pour VAvancement 
des Sciences. 

Geographical Society. 

Geological Society. 

Royal Academy of 

Sciences. 

School of Mines. 

Pulto^a Imperial Observatory. 

Rome Accademia dei Lincei. 

Ci 'b-j'. . Romano. 

G 

Society. 

Italian Society of 

Sciences. 

St. Petersburg . University Library. 


i Imperial Observatory. 

! Stockholm Royal Academy. 

Turin Royal Academy of 

Sciences. 

Utrecht University Library. 

Vienna The Imperial Library. 

Central Anstalt fiir 

^rrteoiol.»ji^- und 
r.rdniajr.cii^inii^. 

Zurich General Swiss Society. 


ASIA. 


Agra 

The Oolleire. 

Calcutta .... 


Bombay ... 

tioii. 

(.’evloii 

Presidency College. 

.... 

lege. 

Madras 


Calcutta .... 


Tokyo 



AFRICA. 

Cape of Good Hope . . . The Royal Observatory. 

H 
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Albany .. 
Amherst .. 
Baltimore 

Boston 

California 

Cambridge 

Chicago . . 


Kingston 

Manitoba 

Mexico 

Missouri 

Montreal 


AMERICA. 


.The Institute. 

.The Observatory. I 

.Johns Hopkins Uni- 
versity. i 

American Academy of 
Arts and Sciences. | 

.The University. 

.Lick Observatory. 

.Harvard University , 
Library. 

.American Medical 
Association. 

.Field Columbian Mu- 
seum. 

.Queen’s University. 

.Historical and Scien- 
tific Society. 

..Sociedad Cientifica 
^ Antonio Alzate.’ 

.Botanical Garden. 

.Council of Arts and 
Manufactures. 

. Me Gill U ni versi ty . 


New York American Society of 

Civil Engineers. 

Lyceum of Natural 

History. 

Ottawa Geological Survey of 

Canada. 

Philadelphia.. .American Philosophical 
Society. 

Franklin Institute. 

Toronto The Observatory. 

The Canadian Insti- 
tute. 

The University. 

Washington ...Bureau of Ethnology. 

Smithsonian Institu- 
tion. 

The Naval Observatory. 

United States Geolo- 
gical Survey of the 
Territories. 

liihrary of (Congress. 

Board of Agriculture. 


AUSTRALIA. 


Adelaide . 

. . . The Colonial Goveniment. 


. . . Tioi Royal Geographical Society 

Brisbane . 

. . . Queensland Museum. 

Sydney . 

. . . Public Works Department. 

— 

. . Australian Museum. 

Tasmania . 

. . . Royal Society. 

Victoria . 

. . . The Colonial Government. 


NEW ZEALAND. 


Canterbury Museum. 
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